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Introduction 
 
Miguel Centeno, Conference Co-Director and Co-
Host, Musgrave Professor of Sociology; Professor of 
Sociology and International Affairs; Chair, 
Department of Sociology; Director, PIIRS Global 
Systemic Risk Research Community, Princeton 
University 
 
Hello, good morning. Hi. Welcome. My name is 
Miguel Centeno with Pedro Sanchez. We are the co-
hosts here of this Princeton/Columbia conference on 
food. Let me just go through some very quick 
introductory remarks and I’ll pass it on to Pedro and 
then we’ll start with the real stuff. First of all, there’s a 
whole bunch of thanks that have to be given. My first 
biggest thanks is to Pedro, who has allowed me to 
become an interloper into this food world. I know 
nothing about food, well, I have learned a little bit over 
the last six months, but Pedro is clearly the expert. He 
is the one who has brought many of you here, and I’m 
so grateful to him and to Michael Puma and all of their 
colleagues at Columbia. 
 
Then there’s are a couple people here at Princeton who 
have done an amazing job. Thayer Patterson, Karla 
Cook, and Jayne Bialkowski, they have made the 
arrangements for this. They have arranged for, I think, 
a really fantastic program, if somewhat compact. 
 
Let me just give you a little bit of introduction on what 
this is about. Three or four years ago, PIIRS, which is 
the Princeton Institute for International and Regional 
Studies, created the funding opportunities for these 
things called “research communities.” What these are 
is of a strange kind of academic animal. Not so much 
ending in producing a paper product, as it were, so 
much as to create some kind of a community, or get 
some communication, create a network if you will, 
around a variety of issues. We were able to get funding 
for “Global Systemic Risk.” And what we’re interested 
in is to what extent we have created a system that by 
its very very nature has the keys to its own destruction.  
 
I teach classical theory in my other life and we recently 
read the Grundrisse of Marx where he talks about 
Goethe’s story of “The Sorcerer’s Apprentice”—you 
probably have seen it from Fantasia. Goethe’s ballad 
is actually much nicer than Mickey Mouse running 
around. But it’s the same story that we’ve been 
hearing—or Mary Shelley’s Frankenstein—from the 
beginning of the 19th century, this fear, that the 
efficiency pursuits, and the very nature of our global 
system is creating something that we cannot control. 
And that’s what we’re interested in. We’re interested 
in the global systems in the sense that there are no 
longer any exogenous threats other than the meteorite 
coming or et cetera. That the system has basically 
created a situation where all threats are endogenous to 

it, and we have to understand it systematically. For 
those of you who work in ecology this might be like, 
“really?!” But in the social sciences, this is considered 
a new insight. 
 
So what we’re trying to do is trying to create a set of 
conversations about a whole variety of issues. We had 
a conference at Columbia as well on finance. We are 
going to be having a conference later on this academic 
year on epidemiological threats. There’s going to be 
another conference at Columbia on infrastructure, 
we’re going to do another one in the fall on water. And 
what we’re trying to get is this conversation across a 
whole bunch of fields about to what extent we can 
understand these system dynamics as really being 
almost the same animal just with different nouns. And 
how we can create in a sense more of a systemic 
approach to these kinds of threats.  
 
Because of that, the big point here is discussion and 
communication. We’re going to be following very 
strict sets of rules. What we really want out of these 
two days is, again, not necessarily a whole bunch of 
papers, but rather a holistic—if you don’t mind my 
saying—understanding of what the issue might be. 
That’s going to require a lot of discussion and 
communication, so we’re going to be very very strict 
about people having their limits. You basically are 
allowed about five minutes and we are going to go 
through the panel and then the real purpose of this 
enterprise is to have a discussion about what is 
presented. 
 
So with that, again, welcome, thank you so much for 
coming, and I’ll pass it on to Pedro. 
 
Pedro Sanchez, Columbia University, Conference 
Co-Director and Co-Host, Senior Research Scholar, 
Director, Agriculture and Food Security Center, 
The Earth Institute, Columbia University 
 
Thank you, Miguel. I am delighted that this has come 
to fruition. First, a warning. You have two Cuban-
Americans co-chairing this thing, so you’re warned. 
And as you see, we come from very different 
disciplines. You heard his idea, I am a tropical soil 
scientist, just very very different. We see great 
possibilities of learning. I think this is more of a 
learning thing than any stuff, interaction, and 
maximum interaction with everybody here. 
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We’ve been fortunate to gather a very good group of 
people here. So, we don’t you just to listen to some 
brilliant presentation and then have no time for 
questions and then you go home saying, “well those 
were nice talks but nothing, no ‘so-what’s.’” So we’re 
going to be very very tough on the five, I think we said 
seven minutes, Miguel, but the less the better on your 
presentations. So we don’t have a designated hitter like 
the American League, we have a designated process 
policeman. And it happens to be—to start with—will 
be David Kanter, who is a post-doc at Columbia with 
us, but had his undergraduate degree here at Princeton, 
so [he] is a good hybrid, and then there will be other 
ones who will be really watching the clock.  
 
We don’t want you to tell it all. We could talk for 
hours, we know that. We want you to emphasize 
mainly on a few key points that will be openings for 
further discussion. That’s what we would like to get 
out of this. Maximum involvement of people there out 
there. There are a lot of note takers and this will be 
videotaped. And the idea is well, let’s see what we can 
contribute to a very growing body of knowledge on 
agricultural risk which is happening. Our thing is 
unique because we have some people who are really 
are professionals on that here, but most people, like the 
two of us, we’re not agricultural risk people, so it will 
be a learning experience. And this is what we want it 
to be—a learning and a fun experience, and a 
maximum of discussions with a minimum of 
presentations. 
 
Now an expected output that we’ve been discussing, 
and that’s up for discussion as well, is maybe putting 
together a two-page article that may be published in 
Science or Nature or something like that. In other 
words one of those policy forums that Science has or 
similar things, commentaries in Nature. In other 
words, we don’t want a tome we don’t want a book out 
of this. You’re welcome to do whatever you want with 
your presentation, but maybe get some very pithy 
comments that we can put in a couple pages in a major 
journal. We are open for suggestions on that. If you 
say this is a terrible idea, that’s fine, that we could 
discuss. But it has been my experience that if you 
summarize, especially more of a think tank conference 
like this, in a couple pages and let the world know 
about it, that could be a greater contribution than 
another tome. So that’s the idea and we’ll make it very 
informal. So Miguel, I think I’ve said what I’ve wanted 
to say, so then we’re just going to get to work!   
 

Panel 1: What is the state of global 
agriculture and how did we get here? 
 
[8:16] Eldar Shafir (Moderator), William Stewart 
Tod Professor of Psychology and Public Affairs, 
Princeton University 
 
Hi, welcome everybody. I have no example to go by, 
so we’ll make our rules as we go. There’s a wonderful 
Israeli comedian who gives an English lesson, and 
explains that a monologue is when somebody talks to 
themselves, and a dialogue is two people talking to 
themselves. So, we’ll avoid dialogues today, we’ll get 
a real thing. I actually brought a behaviorally-informed 
intervention, instead of feeling awkward after seven 
minutes, my iPhone will make an extremely obnoxious 
sound, which will basically suggest to the person to 
conclude quickly. So, that’s what we plan to do. I think 
we’ll just go by order, and then after that we’ll have a 
good conversation. 
 
Tim Searchinger, Research Scholar, Woodrow 
Wilson School, Science, Technology, and 
Environmental Policy Program (STEP), Princeton 
University 
 
Ecology, agronomy, economics, greenhouse gases, 
and food needs 
 

 
 
[8:58] Thanks, I’m here at Princeton. I wont give you 
my bio, but since I’m the first person I thought I’d start 
by just laying out some basic facts that many of you 
will know. I focus on the basic challenge of “How do 
you feed the world without destroying the world from 
an environmental perspective?”  
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Both land-use and greenhouse gas emissions. And so 
we start with the fact that agriculture occupies half of 
all the world’s vegetated lands, roughly speaking, 
depending on which pasture numbers you believe. 
 
Agriculture now produces about a quarter of all the 
world’s greenhouse gas emissions. About half of those 
are from land-use change, and half of those are from 
the production process. And by 2050, according to 
projections I’ve put out, agriculture should produce 
around 15 gigatons of greenhouse gasses, most 
analyses of how you might hold climate change to two 
degrees Celsius say we have to have total human 
emissions of [at most] 21-22 gigatons of greenhouse 
gases—CO2 equivalent—by that date. So that means 
agriculture alone would be responsible for about 70% 
of the allowable budget. And it gets worse after that 
because any cleanup target requires quick reductions 
below that, and within a few more years agriculture is 
at 100%. And actually there have been some recent 
papers that suggest that my estimates are low and that 
agriculture would be at 21-22 gigatons itself by 2050. 
 

 
And part of the challenge is that the world needs to 
produce more food. So, you’ve probably heard the 
figure of 70% more food, and that’s calculated in 
different ways. That’s the calculation basically we 
came up with in a big study with the World Resources 
Institute and the World Bank and things. So between 

2006 and 2050, we need 70% more crops, and we need 
about 80-90% more milk and meat from pasturelands. 
That, however, assumes that biofuels and bioenergy 
remain at roughly their present level. So if we, on top 
of that, add any significant biofuel demand, it looks 
dramatically different.  
 
The U.S., and Europe, and Brazil have targets for 10% 
of all the world’s transportation fuels to come from 
biofuels by 2020. That would produce about 2% of the 
world’s energy supply. That would require—10%, just 
10% of the world’s transportation fuel—would require 
about 30% of all the energy in all the world’s crops. 
Now, others have targets that bioenergy would supply 
20% of the world’s energy supply by 2050. How much 
of the world’s biomass is that? Well, by 2050, we’re 
probably going to use about 900 exajoules [1 exajoule 
= 1018 joules = 2.4×1014 kilocalories (“food calories”)] 
of energy. That means 20% is 180 exajoules of energy. 
You see this in this slide. You can’t use biomass as 
efficiently as fossil fuels, so even giving a little bit of a 
discount there, that means you need about 220 
exajoules of biomass. How much is 220 exajoules of 
biomass? That’s equal to the energy in all of the 
world’s harvested crops, all of the world’s harvested 
forage [grass or hay as fodder for horses and cows], all 
of the world’s harvested timber, and all of the world’s 
harvested crop residues. So any, even modest amount 
of bioenergy blows the planet up.  
 

 
 
And of course part of the challenge is that we also have 
climate change. I’m not going to talk about this today 
because I think that Wolfram [Schlenker] and others 
who do work on this. But the general view is that 
climate change is going to make yield gains harder. 
Most strategies for solving climate change assume that 
we very rapidly eliminate deforestation. If we wanted 
to produce 70% more of the world’s crops without 
expanding agricultural land area and without changing 
demand—so at those figures that I’ve talked about 
with only 2.5% of the world’s transportation fuels from 
bioenergy from biofuels—we would need to increase 
yields going forward at a 30% more rapid rate than we 
increased them in the previous 50 years. And in the 
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previous 50 years, we brought commercial fertilizer to 
most of the world, we doubled irrigation, we brought 
scientifically bred seeds. We can’t do it through inputs 
anymore, because we basically use a lot of inputs 
already. So that means smarts. It’s all got to be done 
basically by farming smarter and more efficiently. And 
that gives you some scope of the nature of it. And 
we’re not doing it. 
 
So in the last 10 years—it hasn’t gone noticed—there 
has been an explosion of the world’s harvested area. 
And you can see this trend for the 15 major staple 
crops. Until about 10 years ago there was no increase 
in harvested area, and then over that 10-year period it 
exploded. Maybe half of that is due to biofuels, but the 
other half is probably due to more rapidly expanding 
food demand. 
 

 
 
One of the messages that I always try to impart is the 
importance of pasture. I think of pastureland as the 
world’s Rodney Dangerfield of land use—it gets 
absolutely no respect. But it’s two-thirds of all the 
word’s agricultural land. A lot of it is very productive 
land, and pastureland today, as we expand, it comes 
out of tropical forest. So if you need to produce 80% 
more production from pastureland, which is implicit in 
the FAO projections, and you only get a 60% increase 
in your pasture productivity, you would then have to 
cut down hundreds of millions of hectares of additional 
forest. So that means we either have to bring that 
demand for milk and meat from pastureland down, or 
we have to achieve extremely high productivity gains 
on pastureland—and we probably have to do both. 
 

 
 
[15:00] This [photo of a cow in a silvopastoral system 
in Columbia] is a picture of the kind of thing that is 
technically doable, but institutionally very hard. So this 
is a silvopastoral system in Columbia where instead of 
grazing cows, you put them out there and basically 
ignore them, intensively managed with protein-
producing shrubs, multiple layers of vegetation, and it 
is phenomenally productive, but it only covers a few 
tens of thousands of acres and not millions of acres. 
[silvopasture is the practice of combining forestry and 
grazing of domesticated animals in a mutually 
beneficial way. Advantages of a properly managed 
silvopasture operation are enhanced soil protection and 
increased long-term income due to the simultaneous 
production of trees and grazing animals. (Wikipedia)] 
 

 
 
Two more slides and I’ll stop. The center of the 
challenge is Sub-Saharan Africa. It has the highest 
hunger in the world, and it is also the only region in the 
world that still has extremely high fertility rates. When 
you look at population, we have more or less solved 
population challenges in terms of bringing down 
fertility rates in virtually everywhere in the world, 
except in Sub-Saharan Africa it’s still above five. And 
that means the population is expected to grow from 
900 million to 2.1 billion, and then maybe four billion 
by 2100. And this is already the hungriest place and so 
the yields are lowest. And just two things on that. One 
is, how did we reduce fertility rates basically 
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everywhere else in the world? It was actually through a 
marvelously simple mechanism: you educated girls, 
and you kept babies alive. And everywhere in the 
world where you educate girls and you keep babies 
alive, people decide to have fewer babies. 
 

 
 
The last thing I’ll say is solving this challenge is an 
“all-of-the-above” strategy. Other people are doing 
these types of calculations. We have this book out 
[Creating A Sustainable Food Future], we have 
another book out with more modeling on various 
wedges. At Princeton you have to use the term 
“wedges” for any solution. You can’t say anything 
else. We call them menu items here because we 
discovered that outside of Princeton a lot of people 
didn’t know what a wedge was, but here we say 
wedges. So all of these are the typical strategies people 
talk about as a way of solving it. Many of them [these 
strategies] are trying to reduce the demand growth and 
others are to increase productivity faster. I’m sure 
those are the types of things that we’ll talk about in this 
conference. 
 
 
Shenggen Fan, Director General, International 
Food Policy Research Institute (IFPRI) 
 
Hunger, Food Security 
 
[17:20] Good morning everybody. I’ve been working 
on food issues for 30 years. It’s the first time to see lots 
of new faces, with some old faces as well, old friends 
from FAO, from Cornell, from the World Bank, and 
obviously, Pedro.  
 

 
 
I think one of the biggest reasons I have come here is 
to really try and learn from many of you here to really 
see what risks we are facing in our food system. I 
wanted to remind you that today we are facing a so-
called “triple burden” of malnutrition. Triple burden. 
One is undernourishment. The recent FAO data shows 
that we still have about 800 million people suffering 
from undernourishment, meaning that they do not have 
enough to eat. 
 
Another dimension of the malnutrition is “hidden 
hunger.” So you may not see that person is hungry, but 
lack of micronutrients, vitamins, will damage that 
person’s physical and mental health. Particularly for 
children—it’s a death sentence for these children. 
 
The third dimension of malnutrition is actually 
overnutrition—obesity. I think Tim mentioned about it 
where we are facing some pressures on natural 
resources. Can we promote a more sustainable diet? 
Economics play a big role here. You talk about 
technologies, environmental interventions, and so on. 
 

 
 
So, in the future the global food system will face even 
more challenges. The system will be increasingly 
vulnerable to many factors. The food system would 
include inputs, production, processing, distribution, 
marketing, consumption, and more importantly people, 
or actors around all these chains. We face some short-
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term risks—we need to address them very very 
urgently. For example, food/energy price spikes and 
the volatility, we have seen that after the 2007-2008 
food crisis. So the food prices have come down, but 
many fundamental factors behind the food price crisis 
or spikes are still there. Extreme weather events. We 
have seen that. Agriculture-related diseases (Ebola is 
only the latest edition, even influenza), food 
contamination, food safety, conflict/displacement—all 
these short-term risks could easily dislocate our food 
systems and collapse our food systems. 
 

 
 
The long term challenges—Tim has mentioned a 
couple of them—growing population and urbanization, 
rising income and a changing demand, natural resource 
scarcity, food-fuel competition, climate change. 
 
Here I wanted to mention the changing demand. I think 
Tim probably didn’t mention that. I am coming from a 
country where the food consumption has experienced 
rapid transformation. I used to eat three rice meals a 
day back in China, and we only had a 0.5 hectare for 
my whole family. We were able to feed the whole 
family of five, but in the meantime we sold almost half 
our food to the urban cities. But today, our 
consumption is basically meat, fish, not so much rice, 
wheat, vegetables. So that diet pattern is not 
sustainable. 
 
Now we need to think about a new global food system. 
The older one, yes, we were struggling with food 
supply—there was a supply problem. But today 
accessibility is more important or equally important 
than availability. Agricultural intensification with more 
output, you have more productivity, but here I would 
argue that “more” also means more nutrition. More 
nutrition with less water, less energy, and definitely 
less carbon emission. When I studied economics 30 
years ago in Minnesota, we learned that “small is 
beautiful,” that’s why T.W. Schultz received his Nobel 
prize [in 1979 for agricultural economics]. But today, 
in many countries in many parts of the world, small is 
not beautiful, it is maybe ugly. How can we really 
facilitate that sort of transformation from smallholders 

to the size that fits into the society, its economy. So 
context must be specific. Self-sufficiency. We pursued 
a self-sufficiency policy for so many years—a sort of 
food sovereignty is part of that story as well. But more 
open, transparent, and fair trade will help to feed more 
and more efficiently, more effectively, and probably 
with less environmental damage. We didn’t pay much 
attention to food safety. We thought food, food 
systems, was more or less safe. But today food safety 
is a huge problem at huge risk. 
 

 
 
Global governance system is still very much 
dominated by the north, by the international 
organizations, but the emergent economies, the private 
sector, and even NGOs have played a much greater 
role in our global food system. So what we need is to 
build a resilient food system, and we must work 
together to use a “systems” approach. So I really like 
the title of this conference. A resilient food system 
would involve optimizing the investment to address the 
weakest nodes in our food system—optimization, not 
maximization. Promote climate-smart agriculture—
agriculture can do a lot to mitigate climate change. 
Support open trade, prevent agricultural-related 
diseases, empower smallholders.  
 

 
 
So, final thoughts, hunger, malnutrition are still 
prevalent. When we look at the ecosystem, 
environmental sustainab ility, let’s not forget people. 
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People must be the focus. Multiple stress points affect 
our food system. Let’s rethink about our food system. I 
want to hear from you what advice you can have, 
particularly your perspective/expertise. 
 
If you wanted to end hunger and extreme poverty by 
2030, I would argue that we must end malnutrition 
much earlier than that. Without ending malnutrition 
and hunger, you will not be able to end extreme 
poverty, so let’s all work together to tackle that 
challenge. Thank you. 
 
Ezra Markowitz, Assistant Professor, Department 
of Environmental Conservation at the University of 
Massachusetts Amherst 
 
Factors behind environmental decision-making 
 
[24:28] Hi everybody. It’s very nice to be back at 
Princeton. I was a post-doc here with one of our earlier 
research institutions, the “Communicating 
Uncertainty” group [PIIRS Communicating 
Uncertainty Research Community, 2011-14]. And I 
spent a year at the “Earth Institute,” so I also kind of 
go across all of these institutions. I’m going to talk 
about something very different for just a few minutes 
to get us thinking about a different topic as part of this 
first session where we’re kind of just setting up how 
did we get to where we are with respect to global ag. 
 
One of the charges that we have I think for this next 
day and a half is not just to think about the food 
system, but also the people that are involved in the 
food system, and to really try and understand how 
people think about and understand the risks that are 
involved across different scales and sectors of 
decision-makers. 
 
I don’t do work on agriculture, but I do a lot of work 
on decision-making and communication around 
environmental challenges—particularly climate 
change, which I think intersects a lot with this one. I’m 
just going to try and make three very quick points and 
then I wanted to also raise three questions and throw 
them out there for things that we might talk about. 
 
The first is that—and I’m going to get into each of 
these—people do perceive risks to the food system as 
important and people are making links between risks to 
the food and global agricultural system and climate 
change. But it’s also an issue that’s unlikely to 
motivate much proactive action, especially at the 
consumer level, and I’ll get into why that might be. 
And so the third part is, so what do we do about that? I 
think our public engagement efforts—to the extent that 
we need the public to do anything about this issue, and 
that’s something we should talk about, what do we 
want the public to do or think about—we can learn 
from some of the other sectors where there has been a 

lot more research over the past 5-10 years in terms of 
effective communication and effective engagement. 
 

 
 
So there’s not a lot of public opinion work or other 
sorts of risk perception or interview work that’s been 
done either in the developed or developing world over 
the past few years on this issue. But the work that’s out 
there suggests that people do worry about at least food 
security and some of these related issues. This is both 
in the developed countries—this is some survey data 
from earlier this year in the U.S. You can see a small 
majority or people are worried about global warming 
or climate change increasing food scarcity and famines 
over the next 20-30 years if nothing is done about the 
issue. And in developing nations the work that’s been 
done also suggests that people worry a lot about food 
security—not a big surprise. 
 
But there are also a number of characteristics of the 
global agricultural system—and also of national and 
sub-national systems more generally—that I think 
inhibit the proactive risk management. Especially 
again when it comes to consumers and people who are 
involved in using this system, the risks are not “top of 
mind.” This is not a salient issue in the media, this is 
not something that we think a lot about, especially at 
the systemic level. I think people worry about food 
insecurity, but mostly we’re connecting that to a lack 
of resources at the individual household level. Right? 
People just don’t have enough money to buy the food 
that exists. Not, there’s not going to be food in nine 
days if the system crashes.  
 
People also generally, especially in the developed 
world, lack familiarity with the issue, and they don’t 
have personal experiences and we make our decisions 
about risk primarily based off of our personal 
experiences. So, all of us in the room, thankfully, have 
not experienced a crash in the global agricultural 
system, even if some of us maybe had experiences 
throughout our lives with food insecurity, again, at that 
localized or personal level. And of course, and this is 
something that comes up a lot in climate change, the 
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potential threats to the system are uncertain, they’re 
distant, they’re just not things that, again, that we’ve 
experienced, and so we don’t get that sort of strong 
emotional reaction—the kinds of things that motivate 
proactive action. 
 
[27:58] And it’s also unclear what role individuals, 
especially consumers, should be playing—if any. And 
again, this is a new area for me, so a question for the 
group will be, “What role is there for individuals to 
play—for the public to play—in trying to manage and 
mitigate some of the risks to the system?” 
 
And so I think overall, the result is that we have this 
lack of motivation to take any sort of proactive action, 
which I’m sure is not going to come as a big surprise 
to the folks in this room. 
 
So what can we do? So I think one of the things we can 
do is learn from our experiences with some of the other 
related domains, particularly climate change and public 
health, where we’ve been doing a lot of work over the 
past 5-10 years in terms of how can we be more 
effective communicators, how do we actually engage 
the public in these sorts of long-term distant risks, 
things that we don’t feel personally. And we’ve really 
learned a lot. Things like highlighting connections to 
things that people already care about, their stakeholder 
values: taking care of your kids and your grandkids. 
Building multiple pathways especially in our 
communication efforts.  
 
Different things are going to resonate about this risk 
with different communities, and we need to figure out 
what resonates with the people that we actually want to 
engage. We can try to make the issue concrete. There 
is this really critical part that I’m not the right person 
to go talk to a farmer in Iowa to try and change the 
practices so that they have a more stable and resilient 
system, but an extension officer from the University of 
Iowa might be the person who has a 20-year 
relationship with those folks and can go out and say, 
“Look climate change really is going to be a risk. We’d 
like you to try and shift your behaviors.” So figuring 
out who those right messengers are for the different 
sectors that we’re interested in is going to be really 
important I think for actually moving forward in terms 
of engagement. 
 
And then something—I knew Rob [Socolow] would be 
in the room too—we really need to acknowledge the 
uncertainties that we have about what these risks are. 
Uncertainty doesn’t have to inhibit behavior, and we 
can use it. We’ve found in some other research on 
climate change that talking about uncertainties very 
openly can actually promote people being engaged 
with these sorts of issues. 
 

[29:48] So just three questions to throw out there, and 
we can come back to any of them if we’re interested. 
One is, “What are decision-makers either doing or not 
doing right now that we would like them to change?” 
That’s always a starting point when we are trying to 
figure out how do we move forward. You know, what 
is it that people are doing that we don’t want them to 
do? Second, “What do we want people to be doing?” 
particularly consumers in particular. So, what’s the 
ask? If we’re going to try and change behavior, we 
always need to know what it is that we want people to 
move towards. We can’t just say we want to manage 
the risks better. We want people to take these risks 
seriously. Why do we want people to take these risks 
seriously and what would that actually do to their 
behavior and their decision-making that it would 
improve or reduce these risks? And then third and 
related, “What would an engaged and an informed 
public—if we want to involve the public, if we need to 
involve the public, which is an open question—what 
do we want them to do, and what would that look 
like?” What would an informed public on global ag 
look like? So I’ll leave it there with those three 
questions and maybe we’ll come back to them. 
 
John Ikerd, Professor Emeritus of Agricultural & 
Applied Economics, College of Agriculture, Food 
and Natural Resources, University of Missouri 
Columbia 
 
Sustainability, economics, agriculture, and 
associated human costs 
 
[30:52] I’m honored to be here among this 
distinguished group of scholars to discuss this very 
important issue. I what to say to begin with that what I 
say is “my truth.” It’s my truth because it’s what I 
believe to be true. I speak my truth with conviction 
because I know why I believe what I believe, and you 
know, we don’t have time to go into all of that, but if 
you want to know why I believe what I believe, then 
just ask me. If your truth is different from mine, then 
that’s fine with me as long as you know why you 
believe what you believe. So I just wanted to get that 
to begin with. 
 
Systemic risk in global agriculture. My topic is 
sustainability, economics, agriculture, and human 
costs—a very small topic to cover there, right? So 
what you’re going to get are the conclusions from the 
executive summary and we can talk about the rest of it 
later if that’s alright. 
 
With respect to sustainability, I think the greatest 
systemic risk that we’re facing today is the inherent 
lack of sustainability. Not just in agriculture, but in our 
economy and in our society as a whole. And while 
we’re focused on productivity—trying to increase 
production enough to meet the growing population and 
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growing demands—we are taking our eye off the most 
important problem, which is the lack of sustainability 
of the system that we are using to try to increase the 
productivity. The source of this risk, this lack-of-
sustainability risk, is our preoccupation with economic 
efficiency and economic growth. Inherently whenever 
you focus on a system, when you focus on making it 
increasingly efficient, it becomes increasingly fragile. 
Systems that are tremendously efficient are inherently 
lacking in terms of resilience.  
 
Any of you that travel by air, you’re traveling in a 
system that’s tremendously efficient, but it’s 
tremendously fragile, and if anything goes wrong I’m 
sure most of you have suffered the consequences 
[mistakes, delays, and cancellations]. What we have to 
have instead of that are systems that are resilient and 
regenerate systems, which means there has to be an 
element of redundancy. In the business schools today, 
when they’re talking about “lean this, and lean that, 
lean everything,” they’re removing all the redundancy 
and making those systems increasingly fragile. We 
need to move towards the systems that are diverse, 
dispersed, and decentralized, rather than specialized, 
standardized, with consolidation of control. Nowhere 
is this more important or less understood than it is in 
our agriculture and in our food system today.  
 
We are still as dependent upon the productivity of the 
earth, the soil, what comes from that earth—the 
farmers, the plants, the animals—as we were when we 
were hunters and gatherers. Our dependency is just 
more complex and less direct and we don’t realize it. 
In fact, everything of use to us comes from the earth. 
There’s no place else to get anything else. From the 
soil, the air, the water, the energy—it all comes from 
the earth, and beyond self-sufficiency, it comes 
through our interactions with other people, it comes 
from society, and when we destroy the productivity of 
the resources of the earth, and the functionality and the 
effectiveness and our ability to get along within 
society, we’ve destroyed our economic sustainability, 
we’ve destroyed our food system and we’ve destroyed 
our civilization. 
 
What are the human costs? What’s the fundamental 
problem in this? By focusing on economic value, I can 
tell you as an economist with 30 years and four 
different universities and still going, economic value is 
inherently, as we understand it today, it’s individual, 
it’s instrumental, and it’s impersonal. As a 
consequence of that, it makes no economic sense to do 
anything solely for the benefit of society as a whole, 
and it certainly makes no economic sense to invest in 
anything for the sole benefit of those people of future 
generations. The more we focus on economics, the 
further we move from sustainability. 
 

[34:50] The human cost of this is inequity, poverty, 
hunger, ill health, lack of nutrition, lack of 
sustainability, all across society. We can address the 
challenges. We can reduce the risk. And we’re doing it 
in many areas. 
 
But it will take a fundamentally different world view, 
an organismic rather than materialistic, a holistic rather 
than of a mechanistic, reductionist approach to science. 
We have to move toward systems that are diverse, 
dispersed, decentralized—the fundamental principles 
of nature. We’re a part of nature, we can’t deny those 
basic principles. 
 
[35:33] The industrialization of agriculture has been an 
absolute failure. It didn’t feed the hungry people in the 
United States, and [for] the people who can afford to 
eat—particularly the lower-income people [who can 
still afford to eat]—the food is making them sick. The 
Green Revolution did not eliminate hunger in those 
countries and they’re facing the problems that were 
brought on by that. What’s conveniently overlooked is 
70% of the people in the world today are not fed by 
industrial agriculture. They’re fed by small subsistence 
farms. And we’re working on systems such as agro-
ecology and permaculture and holistic resource 
management, the result: research in the United Nations 
area showing that we can double or triple yields on 
those small farms. We could have 70 or 100% more 
food production, even if industrial agriculture does 
nothing.  
 
That’s where we need to focus on efforts—agro-
ecology, multi-functionality—these are the things in 
the international area today. A return to true family 
farms that were a way of life that wasn’t just about 
making money—taking care of the land, being a part 
of a community, leaving the land as good as you found 
it for future generations. That’s what multi-
functionality is—Farming for the triple bottom line: 
Economic, Ecological, Social. We have to rethink this. 
We know how to do these things. We’ve done them 
before. We need to create an agriculture that’s 
resourceful—meaning that it’s efficient, we have to 
feed people, [and] we have to meet our material needs. 
But we have to have an agriculture that is regenerative 
as well: self-renewing. That invests in society. That 
invests in the ecosystems that support long-run 
sustainability. The rest of the world, I think, I hope is 
moving in a fundamentally different direction. Let’s 
hope that the United States and Australia and Canada 
follow their lead. Thank you very much. 
 
Eldar Shafir (Moderator), William Stewart Tod 
Professor of Psychology and Public Affairs, 
Princeton University 
 
Psychology of decision-making, policy-making in 
times of perceived scarcity 
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[37:18] So I’ll tell you a little bit—I think it’s 
connected. I work very much at the individual level of 
decision-making, and I’ll tell you a little about work 
we have been doing recently on the psychology that 
comes with not having enough. Most of my focus has 
been on poverty, but it relates also to dieting, and to 
being lonely, and to other things like that. And then I 
will try to make the leap, which I think is not wild, to 
how this applies to societies more generally. 
 
So the basic idea is that we walk around with 
extremely limited cognitive capacity—much more 
limited than we realize. Everything that we call “multi-
tasking” is just another word for not paying attention. 
When you are driving with a cellphone—you may 
have seen some of these data—there is nice simulator 
data. When you’re using a cellphone in the car, no 
hands, just a cellphone in the car, your capacity to 
detect items in the periphery or to react compares to 
being legally drunk in the U.S. That’s just something 
that’s not cognitively available to us, we believe we 
can do better, we are wrong. And the fact that you can 
only focus on very little stuff at a time has enormous 
implications. Most of the work we do, again, is on 
poverty, and the basic idea is when you juggle not 
having enough, when you’re focusing a lot of your 
cognitive capacity on managing this thing you don’t 
have enough of, you have very much less mind for the 
periphery, for everything else in life. 
 
So when we do studies—I’ll give you one example—
we do studies in a mall not far from here, we ask 
people to participate in a study, they sit in front of a 
computer screen, we’re going to give you financial 
scenarios, you know, capture problems in everyday 
life, like your car breaks down and you have to fix it, 
and while you’re thinking about this scenario, we’re 
going to let you play some games on the computer to 
make it interesting, and then you’re going to tell us 
how you’re going to take care of the car. The scenarios 
come in two versions: manageable and challenging. 
The manageable, the car is going to cost $150 to fix 
which we know most people in a Jersey mall on a 
Saturday morning can do. The challenging, the car is 
going to cost $1500 to fix, which, I don’t know how 
much you know but about this, turns out about half of 
Americans find it very hard to come by on short notice, 
a major challenge. While you’re contemplating this 
scenario, we’ll give you games to play, these games 
are classic tests of fluid intelligence, basically a 
component of the IQ and divided attention, cognitive 
control. And if you do this, you tell us what you’re 
going to do, we divide the people in the mall into low 
and high income, basically by median split, which 
captures America fairly well, what do you see?  
 
What you see is that the rich in the mall, whether 
they’re contemplating the manageable or the 

challenging car, do just as well on the cognitive 
attention on the IQ tests. The poor in the mall when 
they’re contemplating the manageable $150 car, look 
indistinguishable from the rich, when they’re 
preoccupied by a car that is going to be very hard for 
them to deal with and fix, they perform significantly 
less well, they are significantly less good at divided 
attention, they’re distracted. And they score on the 
fluid intelligence test the equivalent of about 13 IQ 
points lower. So, these are people when they are 
preoccupied with a financial task that they cannot quite 
manage, are 13 IQ points less smart than they were 
five minutes ago, or than their friends across the class 
divide. 
 
Thirteen IQ points, if you look at the schools where 
your kids go, qualitatively, that’s enough to take you 
from average to borderline gifted or from average to 
borderline deficient. That’s a big effect. If you didn’t 
sleep all night, if I kept you up all night, literally with 
rock music playing in the background, you’ll be about 
nine IQ points less smart in the morning. So this means 
that these people who are just as good as us on one 
question, are now feeling worse than not having slept 
all night when preoccupied by a financially 
challenging question. Similar issues arise for dieters 
and for people who are lonely, who basically lose 
intelligence when they are focused on their loneliness. 
And the point of course here is that when you are 
hungry, when you are poor, in addition to all the other 
disasters happening to your life, you are also 
cognitively just less capable. Less capable to take care 
of your problems, to remember things proactively that 
you need to do, to take your medications on time, to 
spend time on your kid’s homework, all that stuff 
significantly diminishes. So that’s the general idea. 
 
We call this tunneling. In other words not just focusing 
on what matters to you, but focusing so heavily that the 
periphery loses. As you are focusing on managing your 
finances, you are taking a payday loan, which looks 
ridiculous for managing your finances, but that’s 
because you are focusing on lunch for Friday or for 
school fees for the kids. And this payday loan is a 
problem that only comes down two weeks later. We 
can talk about payday loans, it’s a magnificent disaster 
in the streets of America today. You can take this a 
step up and see what happens to societies, because 
societies in some sense are doing a very similar thing. 
We are focusing on what’s urgent, and the important 
stuff waits for later.  
 
And so, just for the poor who are focusing on lunch 
tomorrow and on the kids’ fees, and neglect things that 
are massively important, which they know are 
massively important—which they did not neglect when 
they had the attentional span to focus on them—now 
neglect. Something similar happens when we focus on 
Ebola and the border, and bridges can wait until a 
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calmer day, and that never happens. So it’s a very 
similar story. 
 
[42:19] What do you do? At the individual level, what 
you have to do is basically enter people’s tunnels. How 
do you get them to focus on the thing they are not 
focusing enough on, and it’s a real complicated issue. 
We design policies often that are oblivious to this with 
a very high price. So, I’ll give you one example: 
Clinton’s welfare laws that said that Americans are 
allowed five years of welfare receipt lifetime. I don’t 
think this is the intention, but in retrospect, if you think 
about it, imagine if I said to you, let’s please write a 
one-page report on what happened here today on this 
beautiful stuff that we’ve discussed and it’s due in five 
years. What would you do? For four years and 11 
months and three weeks you would do nothing. And 
then you would start planning. 
 
If you are an American, juggling poverty and 
somebody says to you, in five years, you will stop 
getting aid, that’s outside your tunnel. You don’t have 
time for that now. You’re doing other stuff. And so 
this is a program that didn’t intend to do this, but 
basically massively penalizes you but fails to motivate 
you. You just don’t notice it and all of a sudden it 
comes back and destroys the rest of your life. It’s a 
badly designed program. The question is, what do we 
do to enter your tunnel? How do we do it to interfere 
with you when you are not processing that thing which 
seems not as urgent? That’s kind of the question. One 
obvious thing is a pre-commitment device so, you 
know, I intended to stop people [speakers at the 
conference from speaking] after seven minutes. 
They’re wonderful people, I know it will be very hard 
to do. I pre-commit. It’s not me anymore, it happens on 
its own.  
 
And if you look at our attempts to increase retirement 
savings in America today, that’s the idea. What can I 
do when I talk to you for two minutes to make you 
make a decision like increasing automatically your 
savings for retirement, that if you never visit again and 
never think about it again, perfect because now it’s 
happening on its own and it’s outside of your control. 
Those are kind of the issues that arise, and you can 
imagine politically, you can always reverse a decision, 
but at least decisions that impose something happening 
automatically with time—how much of the budget gets 
distributed to you know environmental issues as time 
progresses, how that increases, what’s done, might be 
ways to get somewhere at a moment when society is 
worried, like right now with Ebola, as opposed to when 
it stops being urgent. Anyway, so those are the issues, 
and I’m hoping we’ll discuss a lot more. So thank you. 
 

Panel 1 Discussion 
 
[44:41] Alan Robock: Alan Robock, Rutgers 
University, climatologist. How much of the future food 
supply will be affected by climate change? And how 
much of the solution is to fix the broken system that 
we have now, so that in spite of climate change, there 
will be less famine? 
 
[Moderator then asks that we take multiple questions 
before panelists respond] 
 
[45:10] Xenia Morin: Xenia Morin, Rutgers 
University, One of the things that I often hear is us 
talking about the global food system as something 
that’s fairly homogeneous, and I think that it’s a big 
problem that when we’re talking about it that we don’t 
identify what is our industrial food system, what is our 
trade system, what is our regional food systems. 
Because each of those provide different calories, 
provide different nutritions, and I think Tim, you’ve 
mention Sub-Saharan Africa as a very unique situation 
compared to other parts, so I’d like to hear more about 
sustainability with respect to each of these different 
areas or systems and more of the historical perspective, 
because part of the session is “how did we get here,” 
and I think it’s really important for us to look over the 
last hundred years over how agriculture has changed 
and I’d like the panel to perhaps respond to those 
comments. 
 
[46:20] Tim Searchinger: Well on the climate 
question, the belief now is that climate change will in 
generally be a negative but in some places we can do 
better. And it will be particularly negative in Sub-
Saharan Africa. So that’s very unfortunate. We don’t 
know really how much. Having said that, maybe the 
effect is 10, 15% on yields let’s say. So if you have to 
produce 70% more food, you have to mainly do things 
that you were going to do anyway. And there are some 
things you have to adjust. But mainly you just have to 
do better agriculture. And even most of adaptation is 
really just doing things that you would do even without 
the need for [?] adaptation. So climate adaptation only 
really comes into being as a separate factor when 
you’re talking about shifting the type of crop that 
you’re producing, or when you’re talking about 
breeding for certain higher temperature resistance or 
that type of thing or like with that [xx]. 
 
But on the broader plane, I don’t think that agriculture 
is broken or a failure. I mean, it’s been stunning. We 
produce an unbelievable amount of food to feed an 
amazing number of people and we’ve had gigantic 
gigantic yield gains, and it’s just that feeding people is 
a really tough thing on the planet and eating is 
something we don’t always do right even if there’s all 
the food available to us. So I think actually it 
mischaracterizes the challenge. The challenge is in 
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some way even harder than if the agricultural system 
was broken. We have these huge challenges despite the 
fact that it’s not broken. So if you have to produce 
70% more food hopefully on the same agricultural land 
area by 2050, while adapting to climate change, And 
you can’t use a lot more inputs: (1) because you don’t 
have anymore water, and (2) because if you add more 
fertilizer that also produces greenhouse gas emissions 
et cetera, et cetera, et cetera. We actually did an 
amazing job of producing more food without 
expanding land that much in the last 50 years. That 
tells you how much harder it is, and so I actually think 
it’s important not to think of agriculture as broken. My 
job is to worry about the environmental effects created 
by agriculture. But I don’t really blame agriculture, per 
se. It is simply the inherent fact that feeding that many 
people well has gigantic inherent effects on the planet. 
And producing that much more food will have that 
much more gigantic effects unless we somehow 
manage to use a lot of smarts to do things better. There 
are lots of inefficiencies, there are all these things we 
can do better. But I don’t think it’s been a failure. 
 
[49:30] Shenggen Fan: Climate change will affect 
agriculture. The answer is yes. But let’s not talk about 
average. Average African yields may lose by probably 
50% because of climate change if we don’t do 
anything—business as usual—over the next 40 years 
by 2050. For all developing countries, about 20%. But 
there is a huge variation, and don’t look at just the 
average trends. 
 
Sometimes there’s variation, for example, this summer, 
China had a drought in 17 provinces that affected some 
of the crops. In the meantime, U.S. had a bumper crop. 
If you look at average, it actually increased, you don’t 
see that variation. So the climate change will cause big 
variation of the yields over time, not necessarily in 
average, but also across different regions. 
 
Yield is only part of the story. The loss of fertile land, 
particularly in the Mekong River Delta, maybe one-
third or even more of the fertile rice-producing areas 
will be lost. So, I think the impact is there. 
 
Now the food systems—that’s why we use the plural, 
it’s not a global food system. We have traditional food 
systems, we have modern value chain food systems, 
we have local food systems, we have a food system in 
one affected [xx] regions, we have food systems in 
nationalized countries, so we really have to look at 
these systems differently. But at the global level, we do 
have a global system. We have seen increased 
vulnerability of our food system. Anything that’s a 
contamination, of food—whether it’s rice, or milk—
you can easily shut down the food system here and 
there. It can cause tremendous panic among different 
countries. We have observed that diseases, trade 
restrictions, or certain conflicts and obviously extreme 

weather events can shock our systems. Yes, we can 
feed ourselves on average. But it is a variation. We still 
have 800 million people suffering from hunger. 
 
[51:56] John Ikerd: I’d like to respond since I said 
industrial agriculture has been a failure and I said I 
could tell you my reasons why. The fundamental 
purpose of agriculture is to provide food for people, 
not just to increase production. It’s to provide food 
security for people, which means providing enough 
safe wholesome food so that everyone can lead a 
healthy, active lifestyle. It has failed to do that in this 
country. The number of people in this country—the 
percentage of people in this country—that are 
classified as being food-insecure is higher today than it 
was in the 1960s, before this last spur has come on. 
More than 15% of people in this country live in food-
insecure—were classified as food-insecure, meaning 
that they don’t know that they’re going to have enough 
money to get through, to buy food to the end of the 
month. 
 
Over 20% of the children in the wealthiest—among the 
wealthiest countries of the world—the United States—
over 20% of our children, almost a quarter of our 
children, live in food-insecure homes. Industrial 
agriculture did not feed the hungry. 
 
You can produce tremendous amounts of productivity. 
We’re burning up 40% of the corn crop to produce 
ethanol. But that doesn’t feed people. Are we talking 
about feeding the industry? Are we talking about 
feeding our SUVs? Or are we talking about an 
agriculture that does what it’s supposed to do—feed 
people? 
 
And it’s not doing that. Probably even more 
bothersome, those people that can afford to eat, the 
food that they’re eating, there’s growing evidence that 
it’s making them sick. We have an epidemic of obesity 
in this country, and related diseases to that—diabetes, 
high blood pressure, heart disease, various forms of 
cancer and that doesn’t count the cancers that are 
associated with agricultural chemicals and agricultural 
pesticides—are absolutely destroying the healthcare 
budget and the health of the country. That’s not a 
successful food system. 
 
While we were cutting the percentage of the income in 
this country that we spend on food—the average 
American—while we were cutting it in half, we more 
than doubled the amount that we’re spending on 
healthcare, during the same period of time. We now 
spend more than twice as much money in this country 
on healthcare as we spend on food. I suspect that half 
of that was probably associated with our food system. 
You could really make a sound argument on whether 
or not we have gained anything economically, in 
addition to making our kids sick. 
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I talk at a various places and I was making a 
presentation similar to this, and there was a doctor in 
the audience spoke up and she said, “You’re talking 
about what’s coming.” She said, “It’s already here.” 
She said, “We’re seeing problems in young people 
today that we didn’t used to see ‘til people were 50 or 
60 years old. We’re seeing all sorts of digestive issues 
and allergies and rheumatoid arthritis, and early-onset 
diabetes, and a whole host of things.” Folks, I think 
we’ve got to face the reality. When I talk to people in 
the other parts of the world, the third-world countries 
that have been affected by the Green Revolution, they 
tell a very similar story of people who used to be able 
to feed themselves on their subsistence farms, maybe 
not as well as they could, as well as we could help 
them feed themselves on their farms. When we 
industrialized agriculture, we had exports but that 
means the increased production didn’t go to feed the 
hungry. It went to ship to countries that could afford to 
pay the cost. 
 
[55:30] You want to talk about the history of 
agriculture, you can go back to the enclosures. Read 
Polanyi’s book on The Great Transformation (1944). It 
goes back to the enclosures, when we took away the 
access to land of people. We’re enclosing land all over 
the world today, driving people off from being able to 
feed themselves. If we can’t face that failure, the 
fortunate part is that we still have a diverse agriculture. 
Contrary to what we might believe in this country, the 
whole world doesn’t have industrial agriculture, and 
contrary to what we might believe, they don’t want it. 
 
[56:05] Ezra Markowitz: This is an open question, I 
think we want it to be more of a dialogue and not just 
questions and answers. So one question for folks who 
are expert in this area is how are these different 
systems related? I’m hearing at least three [ways in 
which they are related]. Again, this is a new area for 
me. So I’m hearing there are risks to the global 
agricultural system, there are risks and potential 
problems in the distribution system, and then there’s 
the consumption side. So it’s not just the distribution 
system, it’s how people who’re using those [supply 
and consumption systems] engage with the distribution 
systems that exist. Clearly, they interact with one 
another. But, I’m not sure how they interact. It seems 
like that’s going to be one of the important topics 
moving forward. How do these interact? 
 
[56:50] Miguel Centeno: Well I’m not an ecologist, 
but what’s interesting to me when we look at these 
issues, we talk about systemic, there is a tendency to 
treat the system as if the consequences were 
symmetrically distributed. So, we’re all dependent on 
the system, but the consequences, depending on your 
class, depending on where you live, are going to be 
very very different. So when we’re talking about the 

crisis in agriculture, can you distinguish between 
there’s a crisis—agriculture or food—there is a sort of 
systemic crisis that Sub-Saharan Africa is facing, let’s 
say, there’s a systemic crisis that the poor in America 
are facing, there’s a systemic crisis that the wealthy in 
Europe might face. And I’m wondering if you would 
agree: is everyone in the same box, or do politically we 
have to recognize that there could be a massive global 
crisis, and the rich in the OECD will probably be just 
fine thank you very much? Or no, even those people 
have to face these consequences. I think until we know 
what the consequences are for each particular group, 
it’s too easy to think that everybody is, again, facing 
the same future when it’s very different strategies and, 
of course, very different levels of power on what to do 
about it. 
 
[58:09] Steve Pacala: The thing that worries me about 
2050 is that it’s not just a food problem, or a climate 
problem. It’s also a biodiversity problem and you 
could also say it’s a water problem. So, we have four 
huge problems all coming together about mid-century. 
The question is, “Is it possible to solve them 
simultaneously?” Everybody I’ve ever known who has 
tried to look at that question has come up with the view 
that, “Yes maybe, but every hectare in the world is 
going to have to have a planned and managed use.” 
That optimization problem—that management 
problem—seems to me to be impossible to solve 
without some sort of global design with lots of 
interconnectedness. If you try to solve that problem 
entirely by making everything more local it seems to 
me the problem becomes much much more difficult. I 
think there’s a fundamental tension here between one 
group in the agriculture and food system that stresses 
local, and the reality of the number of different 
problems that are coming together globally in mid-
century. 
 
[59:25] Tim Searchinger: I think it’s terrific that we 
have this diversity on the panel, because it helps shape 
the issues, but I think I am in sharp disagreement with 
John [Ikerd]. 
 
[59:37] John Ikerd: We all have our truth. [laughter] 
 
[59:40] Tim Searchinger: It’s important to understand 
the different challenges. Industrial agriculture, yes, it 
creates a certain set of challenges. From the 
environmental perspective, antibiotic use, problems 
associated with nitrogen use. But it also has high—
fantastic productivity, and reduced land use demands 
compared to produce the same food. You want to 
know where the world’s food is the most insecure, the 
huge biggest problems in the world? It’s Africa. Africa 
is traditional agriculture—farming exactly the same 
way they did 100 years ago. Unbelievably low yields, 
unbelievably low labor productivity, massive 
expansion into forest right now—all of that—and add 
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on triggers of high population growth, incredible 
instability. Stop the sentimentality—you want to know 
where life really is tough? That’s where it’s tough. 
 
We have to deal with each of the problems 
individually. To answer your question, Miguel, from a 
food perspective, the big issues for the wealthy are 
obesity and some other nutritional issues, food safety 
issues. But these are relative—obesity is the really 
really big one—but everything else is relatively minor 
in the comparative history of living on the planet. 
We’re living fantastically compared to what most 
people have lived, and most people live, even today. 
So we have a few really big issues. And nothing that 
we can possibly do to the food supply will change that. 
We have so much surplus in our system—just our own 
diets, the amount of money we spend on food per 
person if you’re a wealthy American, [xx]. So the food 
supply issues are for the billion, two billion really 
poor. And that’s a huge issue. But for us, we share the 
same environmental issues, and so—without going into 
too much detail—it’s really important to segregate and 
understand rationally what are the real, different types 
of challenges and address them with the different 
instruments, the different parts of the food system. 
 
[1:01] Eldar Shafir: I’d like to respond briefly to 
Miguel and Steve. When you look at the behaviors of 
the poor in the U.S., the poor behave very badly. They 
do not eat well; they do not save for rainy days. They 
do not read to their children or help with their 
homework—so they’re terrible. One problem is when 
you look at policy, is that you really shouldn’t leave it 
to them to do better because, as I tried to convince you, 
they don’t have the mental bandwidth, and the 
capacity, and the time. They are right to ignore what 
they need to do to eat healthy. They just have bigger 
problems. 
 
To me in some sense, the two issues that were raised 
by Steve and Miguel, you can move this to a higher 
level. In some sense those who are suffering the most 
are not the ones who are going to be able to solve this 
or are responsible for solving it. That’s a deeply 
painful paradox because those who are responsible for 
solving it are not suffering and are not that interested. 
The rich in America could help the poor massively, but 
they’re not that moved by the idea. That’s the real 
issue. The responsibility lands on those who are feeling 
pretty well. That’s a real hard job. 
 
[1:03:04] John Ikerd: Let me respond very quickly, 
and I’ll keep if very short. When you talk about 
Africa—people talk about sustainability, permaculture 
all that [xx]. That’s not what this movement is about at 
all. We’re not talking about going back. We’re talking 
about increasing the productivity of those systems in 
ways that are good for the environment and good for 
people, that are productive. We have research that 

shows that you can do that. What I say is that we need 
to focus on helping the people of Africa feed 
themselves, and develop local markets, and then 
someday, participate in national markets, and so on. 
But what we are doing is we’re dealing in Africa and 
other countries with the residual of the period of 
colonialism—political colonialism. And what we’re 
suggesting as a solution is economic colonialism. I 
don’t think that makes much sense. 
 
[1:03:49] Laura Kahn: I appreciate your sentiments, 
Prof. Ikerd, about the need to go back to the family 
farm. But when you look at the history of farming, 
particularly in this country, from 1910-20, a lot of the 
farmers went out of business. The family farms 
couldn’t compete. During that decade, the population 
of the United States moved for the first time from a 
primarily rural population to urban. And now today, 
most people live in urban areas. Urbanization is a 
continually growing thing. And most people I don’t 
think would want to go back to farming, to be honest. 
You earn a much better income in the city at a job 
that’s a lot easier than trying to grow crops or raise 
livestock. So I don’t think the notion of returning to the 
family farm is going to be the answer to this. Industrial 
agriculture is really going to be what we’re going to 
have to address and live with to sustainably feed the 
world’s growing population. It’s not going to be 
through the family farmer. That’s my two cents. 
 
[1:05:09] Michael Hauser: Austria University of 
Natural Resources and Life Sciences. I’ve slept four 
hours, so I wonder about my IQ points. While we can 
argue whether the agriculture system or food system is 
at risk or whether there are many different systems, I 
believe that there are many different systems. But I 
want to get more information, I’m here to learn about 
how did we get there? That’s the big question that I 
have for myself. I don’t know how we go there. Has it 
just happened? Was it an unfortunate outcome of 
history? Or was it a path-dependent pattern that keeps 
on repeating itself? If the latter is the case, what is the 
role of power in that game? Miguel, you have 
mentioned it just a couple minutes ago. I think I would 
like to bring in that issue of power into the equation. 
Because if there is a pattern and if we say, “We created 
it”—who is “we”? And who’s got what power to take 
decisions. 
 
[1:06:28] Michael Puma: My takeaway from the great 
presentations was that there are conflicting views as to 
whether we should be striving for self-sufficiency at 
the national level in agriculture? The question is, 
should poor countries be striving to be self-sufficient? 
Is there a need for self-sufficiency? I think this is a 
particularly important question when we consider that 
on a global level, national sovereignty has become 
more reinforced at the national level in international 
dialogue. If we get into a situation where we see the 
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possibility of trade restrictions being imposed, are 
countries more susceptible to that when they’re less 
self-sufficient? The question to the panel is should we 
strive to balance our dependency on trade with self-
sufficiency? 
 
[1:07:37] Eric Chavez: There was some very 
interesting work done at the Wharton School of UPenn 
on the national flood insurance program that showed 
that people in the Southern states of the United States, 
after being hit by a hurricane, bought insurance. But 
then a couple years later, or two years later, there 
hadn’t been another hurricane, then they stopped 
buying insurance. So my question relates to a lot of 
what all of you have already told us. On the one hand, 
poor people are most affected by food insecurity, on 
the second hand, poor people as well, smallholders in 
Africa, hold the key to food security in Africa as well 
as maybe in the world. You have made a very 
comprehensive and very interesting argument showing 
what and where the problems are in the food system. 
But how do you propose to engage these key 
stakeholders in the food system, the poor smallholders 
in Africa or elsewhere so they can effectively manage 
these risks and produce more to sustain a healthy 
lifestyle? 
 
[1:09:20] John Ikerd: I’ll be quick since I’ve been 
talking a lot. All of these kind of tie in together. You 
asked first about family farm productivity, again, I’m 
not talking about going back to the way it was in the 
50s and that period of time. There’s research out there 
that shows that in much of the rest of the world, we can 
double, triple, quadruple yields with agroecology, and 
sustainability, and organic systems, and things of that 
nature. 
 
In this country, and developed countries, the yields [on 
family farming] are very similar in terms of the overall 
yields [on domestic farming in aggregate]. There’s 
some differences in terms of productivity like in 
organic systems [according to studies] that have been 
done. They vary from about 7-8% efficiency on 
average, and the studies have been reviewed all over 
the world in more modern systems go down 15-17% 
like on corn, field crops, things of that nature. But on 
the food crops, they’re pretty much comparable. The 
primary difference is, and why we’re seeing the drag in 
average, is that it takes a lot more knowledge and 
understanding of how to work with nature, on how to 
work with soils, and crop and soil interactions, and 
dealing with animal cropping systems and how to 
integrate those. The good organic farmers out here can 
produce just as much per acre as the conventional 
farmers can. It just takes having a lot more thoughtful, 
caring farmers. What’s wrong with having a few more 
thoughtful, caring farmers? We could probably feed 
the country today if we had like three times the number 
of farmers we have today. We have about one million 

farmers, that says you’re up to about four million 
farmers. That doesn’t mean that everyone is moving 
out of the cities or anything else; it just means that 
you’re changing to something that provides quality 
employment opportunities rather than unemploys 
people. 
 
[1:10:56] How did we get to where we are? I’ve lived 
through it. In about the 1950-60s, we shifted our old 
agricultural policies from keeping family farmers that 
really cared about the land on land as a means of food 
security to shifting to increasing economic efficiency. 
We shifted all of our agricultural policies—all of them 
since the New Deal—around the 50s and 60s—in one 
way or another have subsidized the industrialization of 
agriculture. Right now we’re putting everything into 
crop insurance. I talked to some big farmers say, “Crop 
insurance is a great thing, we’re picking up half the 
cost of it.” He says, “I can go out and guarantee a 
price, guarantee a yield. I can farm the whole county if 
I want, and you’re taking all the risk and paying for it.” 
That’s the kind of system that we’re moving toward. 
That’s the reason we have it, because we decided that 
that’s what we were going to do. I said it was a good 
idea at the time but it didn’t work. 
 
[1:11:46] We talked about going back to self-
sufficiency. We’re not talking about self-sufficiency 
here. We are talking about a degree of food 
sovereignty. I think that was the question up here. I 
think we need food sovereignty sort of individually to 
grow what we can, but that doesn’t mean you don’t 
trade. With food sovereignty, that means you grow 
what you can in your particular place and you trade for 
things that make life better or you develop 
relationships with people that can meet those. So there 
is a difference between that. I would relate that back to 
this alternative worldview of living systems. 
 
Living systems are defined by semi-permeable 
membranes, starting at the cell level, the organization 
level, whatever. That means they’re selective. It 
doesn’t mean you keep everything out, it doesn’t mean 
you keep everything in. That’s the principle of 
selectivity needs to permeate our economic 
relationships between our communities, between our 
nations and elsewhere. Not totally opened up, not 
totally closed. So I think that’s where we need to go in 
terms of global food security. What I’m trying to do is 
focus and say there are alternative means that the 
world is already looking at of increasing productivity 
on these self-sufficient farms so that people have a 
better diet, they have a better living, we can begin to 
create markets. There are ways of doing this. We’re 
just myopic in terms of just wanting to tinker around 
with this industrial system rather than look at anything 
else. 
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[1:13:08] Shenggen Fan: My first point is, we have 
made progress in reducing hunger and malnutrition. 
The triple burden, that does not mean we have not 
done anything for the last three or four decades. In fact 
in 1990, the hunger rate was about 18-19%. Today it’s 
about 12%. So tremendous progress has been made—
actually we are on track to achieve MDGs [UN 
Millennium Development Goals] to cut the percentage 
of hunger by half from 1990 to 2015. So tremendous 
progress has been made, but in the meantime, a lot of 
people are still hungry. As a modern world, how can 
we make people suffer from hunger? That is a moral 
issue, it’s an ethical issue. 
 
On trade issues, I think if you look at the countries as 
the countries develop, they will begin to trade more. 
They share with each other what they have for what 
they don’t have. If you are a professor here at 
Princeton, you don’t produce your own food, you don’t 
produce your own clothes, but you are well-fed, you 
are well-clothed, you are sheltered. So that’s how trade 
can benefit other people. But, we must make sure that 
trade is fair and is open. 
 
[1:14:38] Why? As John said, here, in the U.S., the 
subsidies on agriculture could be up to $30 billion 
[annually]. In the European Union, agriculture 
subsidies could be €40 billion every year. In the 
meantime, in 2009, G8 countries came together to 
commit $23 billion for three years to tackle hunger and 
malnutrition issues. Every year, the U.S. and Europe 
spend billions of dollars on that. So, this is not right. 
This subsidy is actually higher to the cost of 
smallholders in Africa. Let me come back to 
smallholders in Africa. 
 
[1:15:20] Smallholders in Africa, yes, they need to 
organize themselves, so they can have a stronger voice. 
Particularly, their land rights have to be secure. Their 
land rights are not secure—they are very vulnerable to 
any grabs—foreign investors who will come to take 
their land. The local government just signs deals with 
foreign investors. Who will make sure that 
smallholders have their land, can organize themselves? 
And they have the capacity to produce food for 
themselves, for the urban cities [xx], for export. In the 
meantime, Europe and America should open markets 
to these people. 
 
[1:16:00] Tim Searchinger: Very quickly on 
technology, absolutely one of the opportunities is to 
use more sustainable farming techniques, but we can’t 
romanticize it. Some work, some don’t. The 
silvopastoral system that I showed a picture of is a 
good example of where you can dramatically improve 
the productivity, reduce inputs, sequester carbon, and 
you want to push it, but it takes tremendously 
tremendously greater management. So it’s literally on 
about 20,000 hectares, but the world needs it to be on a 

billion hectares. Actually making it happen is an 
extraordinary challenge. But those are opportunities we 
need pursue, but it doesn’t wave a magic hand. It’s 
very technological, very specific, and you have to be 
very discriminating. 
 
[1:16:43] How did we get here? So just as a 
background, I actually spent a large part of my life 
fighting U.S. agriculture subsidies. I used to work for 
an environmental group and that was my job. But we 
didn’t get here because of agricultural subsidies. The 
overwhelmingly dominant factor is where you get 
some technological progress and the costs lower, and 
you continue to pursue that. So why do we all farm 
hybrid corn? It’s because somebody invented hybrid 
corn and you had yield improvements, it became 
cheaper, and you kept working on the hybrid corn. 
Because of path dependency, we have fewer and fewer 
crops that we rely more and more on. That achieves 
higher and higher productivity, but it does come with 
risk. Increasing [crop] disease risk. So that’s just the 
reality. 
 
So the path dependency. Agriculture responds 
extraordinarily vibrantly to new technologies, and that 
has been the overwhelming driver. Everyone says 
nothing will change and then boom! You have a 
fundamentally new crop variety and some other 
technique. Agriculture changes overnight. That’s good 
and bad. If you want it to move in the right directions, 
you’ve got to develop technologies to move it in that 
direction, because that’s the overwhelming force. 
 
The last issue—I think this goes back to the issue 
Steve [Pacala] asked about—so how do you deal with 
this problem? I think, to some extent, planning is part 
of the issue. But it’s obviously an [?] incentive sector 
[xx] as well. In theory, a lot of the environmental 
issues are related to the fact that we don’t value land 
for its natural resource values. If there’s no cost, from 
a carbon perspective, a biodiversity perspective to 
cutting down a forest, then you cut down the forest, 
even if it’s for a very limited value of use, like this 
really extensive grazing. So if we could price things 
appropriately, that would create enormous different 
incentives. That would go a hell of a long way. Making 
that happen in the real world is hard. Even then, there 
is a planning component because of this path 
dependency. If you know that you need to achieve a 
certain technological goal like having lots of 
silvopastoral systems, you have to plan for that. That’s 
infrastructure planning, and it’s research planning, and 
all those other things as well. If there is an answer, it’s 
some combination of shaping those incentives—above 
all by valuing land appropriately—and then having 
reasonable, flexible plans where you do realize where 
technology has to go, where systems have to go, and 
build an infrastructure and all those other investments 
related to that. 
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[1:19:24] John Ikerd: Just one point of clarification 
on the way by, I worked from between 1970 to 2000 at 
four different state universities, publicly funded land 
grant universities, major agricultural colleges. I saw 
the shift from supporting the independent family farms 
to supporting industrial agriculture. We began to turn 
out technologies that supported the industrialization of 
agriculture. Specialize, standardize, consolidate. So 
that’s where the technologies were coming from. Now 
the technologies in private sector are motivated by 
economics. And if it doesn’t meet the economic 
bottom line, which is not sustainability, then it doesn’t 
get done. Increasingly, the private sector is even 
controlling the public research, not only public 
universities believing in this ideology, but they’re 
being driven toward it. 
 
[1:20:30] Ezra Markowitz: Dan Osgood will be 
here—so there’s all the tech stuff and then all sorts of 
behavioral interventions and innovations over the past 
few years, trying to figure out how do you get people 
to buy insurance, to make these decisions that are in 
their best long-term interest. So, things like index 
insurance, Dan’s been doing a lot of work, I think 
we’ll probably hear about some index insurance work 
tomorrow. Dan Osgood is coming tomorrow I think? I 
don’t think he’s in the room yet. Howard Kunreuther at 
Penn has been talking about multi-year insurance 
programs or policies, which is totally off the table right 
now especially at the policy level. But where people 
are buying multi- or three- or five-year insurance 
policies so that you don’t get that punishment from not 
having a hit right in that year when you bought the 
insurance, whether it’s two years after a big storm 
happens. So there are all sorts of behavioral 
interventions too that are happening that are 
incorporating some of the stuff that Eldar and others 
are working on to try to help people make these sorts 
of longer-term decisions, in food and lots of other 
systems. 
 
[1:21:00] Eldar Shafir: I’ll just add to that—the flood 
story. So, people are inherently terribly fallible in ways 
that policymakers choose not to acknowledge. We 
know a lot about this. So a flood is a perfect example. 
When there’s a big flood, it’s salient, it’s Ebola-like. 
It’s in your tunnel. People buy it [insurance]. And soon 
thereafter, when nothing happens, it looks like a bad 
investment. Paradoxically, those who have slack and 
have enough money, buy it and don’t worry anymore. 
Those who cannot afford it are the ones who need a 
little extra and are the ones who are less insured, and 
that’s obviously a problem. You can incentivize 
people. You can build smart programs. That’s what 
Howard Kunreuther and others are trying to do. I think 
at the end of the day, you have to be paternalistic about 
it. You have to basically get people to buy insurance 
when they’re paying the property tax. You can even 

allow them to opt out by sending for 16 forms, nobody 
is going to do it. And then you have a situation where 
people are insured. Paternalism isn’t popular here. It’s 
much more popular in Northern Europe and a lot of 
things look better as a result. And I think the big 
challenge on these issues is the stuff that basically 
Steve [Pacala] came up with, that is how do you get 
paternalistic at the level of global arrangements? 
Obviously a much bigger headache than running a city. 
But I think until then, you just have to face the fact that 
people are not going to plan well. And again I think in 
some sense, they’re right. If I have massive problems 
finishing the week, don’t tell me about electricity in 
100 years. That’s just not interesting to me. That’s a 
real challenge that we have to deal with. 
 
[1:22:45] Luc Christiansen: I’m at the World Bank. 
I’m very interested to hear a bit of a scientific response 
to bit of gloomy picture which we started of this with 
massive production challenge ahead of us, with no way 
to do it in any ecologically sustainable way. At the 
same time, we know that that situation was not so 
different—look at China 50 years ago—how are they 
ever going to feed one billion people? Some of that 
came at a big environmental cost. I would like to hear 
a bit—are there sciences in the pipeline? Is there 
technology? You mentioned one system, small, could 
be scaled up, but it’s intensive, huge management, 
huge investment, difficult to adopt. But I’m sure 
there’re other things being developed. So what’s the 
flip side on that? 
 
And I think the next question, talking about the risk of 
the global systems—are the systems through which 
these new sciences or technologies would be adopted, 
are they in place? Do policymakers have your picture 
on their radar screen, those at the top, do they have that 
on their radar screen? Sufficiently long, [?] beyond 
Ebola beyond tomorrow, so that indeed they keep 
investing, whether it’s public research, or if it’s private 
research, but have a system in place so that indeed 
more research goes in as well as technology being 
developed and being adopted. And I think that’s sort of 
what the global—the ag system—think about the 
global food supply—which I thought sort of the 
conference was focused on that—so what’s the 
scientific response, do we even have that science in the 
pipeline? 
 
[1:24:37] Shenggen Fan: Alright I think that 
technology, yes, definitely, we have lots of technology. 
And the research is coming out very soon. But in the 
meantime we also have policy issues talking about a 
technology. I don’t know how many of you are aware 
of CGIAR [Consultative Group for International 
Agricultural Research] where Pedro has worked for 
many years. I have worked for this [?] reform for 30 
years. 
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They are introducing some of the newer technologies 
that can produce more with less. More nutrition, less 
water, less energy, less carbon emissions. There is a 
rice called C4 Rice by International Rice Research 
Institute that can produce 30% more yield, can reduce 
the water, can improve the water-use efficiency by 
another 30%, and can cut the carbon emission [i.e., 
capture more carbon]—have four C’s not three C’s—
carbon emission by another 20-30% [C4 plants have 
four carbon atoms fixed in each molecule during 
photosynthesis, instead of the more common C3 
fixation]. In the meantime on the nutrition side, IFPRI, 
my institute, is leading a big research program called 
biofortification to add nutrition into crops through 
breeding—vitamin A, iron, zinc. I’m not talking about 
GMO. Just through traditional breeding, we can add all 
this nutrition, micronutrients, into crops. Lots of young 
children become blind because of lack of vitamin A, 
intelligence will be affected, so you say when people 
are hungry, when people are undernourished—
particularly [xx]. Also hidden hunger can affect the IQ 
by a big margin. So technologies, definitely, we’ve got 
to invest more to make sure that, yes, the pipeline 
continues to flow. 
 
Policy. I think policy is equally important. Luc 
[Christiaensen] was talking about China. China uses 
heavy subsidies—fertilizer subsidies, water subsidies, 
electricity subsidies—to produce more. I think they 
can produce more without subsidies. The question is 
the right incentives. Incentives, technology, 
investment. As you know, when you subsidize 
farmers—the U.S. is very different—farmers actually 
don’t benefit, it’s the urban consumers. [In contrast to 
subsidies in China which increase production, 
subsidies in the U.S. lead to a decrease in production.] 
When you produce more food, prices go down. Who 
benefits? It’s the urban consumers, not producers. The 
producers, some of them need to move out of 
agriculture sector, so they can engage in high-income 
activities. Meantime, the agriculture sector can be 
more efficient, not only in terms of economics, but also 
in terms of ecology. So policy is equally important. 
 
Now I think food waste, yes, huge huge potential there. 
30% of food is wasted. We can reduce that waste to 
20%, 15%. Recent studies show that even using 
existing technology, we can achieve [yield gains]. Now 
there is a big yield gap, I think this year the gap report 
shows a big, big gap between the potential and the 
existing yield. Even by doing that, you will be able to 
produce 30-40%—in some areas even 70%—more 
food.   
 
 

Panel 2: What are the risks in the demand 
chain? 
 
Shukri Ahmed, Senior Economist, Global 
Information and Early Warning System (GIEWS), 
Team leader for Early Warning and Vulnerability 
assessment and Analysis group within the Trade 
and Markets Division, FAO 
 
Ebola, labor, food security, and cascading failure 
 
Talk title: Ebola outbreak: Impact on Agriculture and 
Food Security in West Africa 
 
[0:18] Good morning everybody. I would like to thank 
the organizers. It really is great to be here because we 
are people who are running after day-to-day activities, 
it is the people who are putting their ears on the ground 
to know what the world is doing and trying to monitor 
the world food supply/demand situation. And also, 
whenever there are hazards, it is the people who do the 
alerts to the world for governments, for the 
international community to do the responses. We have 
several types of forecasts that we do—short-term 
within one marketing year, one big harvest to the next, 
and also, there are medium and longer-term. And the 
main risks that would be involved are actually 
discussed. So from that point of view, I would like to 
just take you into one aspect. 
 

 
 
In FAO, we have different types of monitoring units, 
one of them is the Global Information and Early 
Warning System (GIEWS) for agriculture and food 
security. Our main aim is to actually look into what the 
hazards would do to people. It’s mainly to look into the 
impact that all these hazards would have in a given 
country or within a country nationally or even globally. 
The 2007-08 food price crisis is one of them because 
we could see the impact that it would have globally. 
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On the other hand, we have specific hazard-related 
monitoring units, which we call the Emergency 
Prevention System for Transboundary Animal and 
Plant Pests and Diseases (EMPRES). These are ones 
following specific types of viruses that would be 
impacting either the food chain—whether it’s from 
livestock, plants, or whatever—and have specific 
monitoring and early warning systems and prevention 
systems being built into them. My unit specifically is 
actually working to see then the impact that 
specifically now that it is having on the overall food 
security situation. I will just show you know how 
we’ve seen that and then later maybe in the discussion 
we’ll see what more could be done. I don’t want to go 
much into the discussion. You would find these 
available in all WHO units. 
 

 
 
This is the ecology of the virus which you will find and 
these are the areas that the break from 1976 to 2014 
that we had.  
 

 
 
[3:09] There deaths now are over 4,000 and you can 
see how frightening it is.  
 
The impact on food security. This is the main area that 
we are now looking at. 
 

 
 
The broad channels of the short-term economic impact 
we have seen is in the direct and indirect impact 
specifically on people dying or people having the 
disease. But also it’s the behavioral effects that disrupt 
people working together. And in these countries 
actually the agricultural sector, usually people get 
together and work. So these issues then would have the 
implications they have in the food supply situation by 
reducing production and not being harvested, but also 
in the income that it had in the overall food security 
impact that it entails. 
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[4:08] These are the main issues that we actually 
monitor, and the impact it has on markets, on imports, 
exports, prices, markets. And it almost touches on all 
of the economic activities, whether it is in rural areas 
or in urban centers, specifically in the countries that 
are affected, but also in the exporting countries to these 
countries because these countries depend mainly on 
imports. 
 

 
 
[4:42] This is the main thing that we did. In August, 
early on late July early August, we just had an alert 
that we had done because the timing specifically of this 
Ebola was very particular. It is in a very important 
agricultural season. Now, we are expecting harvesting 
almost to start and it will go on until the end of the 
year. And this is very important in the cycle for the 
whole year of the population. People now in the main 
affected areas are not going into the fields. This is 
actually one of the main things that needed an early 
alert because it affects one of the main supply parts of 
the year. As you can see from here, we are now almost 
in October, about to start harvesting of the major crops.  
 
So, the impact is that the prospects now have been 
reduced.  
 
A lot of disruptions in the movements we’ve seen in 
the markets. You can see [in the photos on the slide] 
almost all markets are deserted, especially in the main 
areas that have been affected. There are falling 
incomes.  
 
Then you can see in Liberia the specific areas that rice 
farmers abandoned. It’s not only the food crops. This is 
also the different types of crops that also are the main 
incomes for the different countries. 
 

 
 
[6:08] The impact on food trade, you can see these 
countries are very big import-dependent, especially 
Liberia—more than 65% they depend on imports and 
the movement of trade had been affected because some 
big ships wouldn’t want actually to land in that area for 
sometime and it had really created a big panic in those 
countries.  
 
This is the GDP impact of course these would be the 
priorities.  
 

 
 
But in conclusion, all aspects of production—supplies, 
access, marketing—have been affected. There is loss 
of income, increased food prices. Notable impact on 
food security was registered. So I would leave it at that 
and will go into the details if need be. Thank you. 
 
Marc Levy, Deputy Director, Center for 
International Earth Science Information Network 
(CIESIN); Adjunct Professor of International and 
Public Affairs, Center for International Earth 
Science Information Network; Earth Institute, 
Columbia University 
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Food security and water scarcity as national 
security issue 
 
Talk title: Trends in Climate Stress: Implications for 
instability over the coming decade 
 
[7:12] For those of you who know [Penn State 
professor of meteorology] Admiral [David] Titley, you 
know that I can’t possibly live up to what he would do. 
He is a remarkable man, a meteorologist who has been 
working for much of his career to bring a sensitivity 
about climate change into the Armed Forces. And now 
that he’s no longer on active duty, he’s been able to be 
even more forthright and vigorous in doing this, and 
he’s a really interesting man. What I’m going to do is 
say some of the things that he probably would have 
said but focus on some of my own work trying to 
elucidate the connections between climate change and 
political conflict (national security/human security 
dynamics), which are relevant for food security and 
agricultural production. 
 

 
 
[8:03] The 50-year time horizon is outside of almost 
everyone’s tunnel. So what I have found is that the 
climate security issue is a useful bridge between 
people who have been fixated on the very long term, 
which is true of much of the climate change 
community, and the people who are focusing on the 
extremely extremely short term—you know, the next 
month or the next six months, which is true of a lot of 
the security community. So when these two 
communities come together and say, “What do we 
need to know about each other’s business to give good 
guidance on the risk inherent in climate change that’s 
relevant for people trying to manage security?” they 
tend to settle on the decadal time scale as a useful 
common ground. And I think while that may be 
challenging to get inside our tunnels, it’s not at all 
impossible. It does mean that we have to do things 
differently. 
 
[9:12] Most of the climate information that’s flooding 
people’s desks and computer screens is much more 
longer-term, and so to extract usable messages from 

the climate science community that can be acted on in 
a decadal timeframe, you often have to flush it out in 
different means. But I think that we can do it. I list a 
couple of recent examples here, Mike McElroy and 
Jim Baker recently put out a very interesting paper that 
tried to synthesize climate science at more or less this 
scale. There was a National Research Council study 
last year that looked at the implications of climate 
change on political instability, and it had a similar kind 
of focus. So I think that can be done. 
 

 
 
 [9:55] One of the messages is that we need to think 
about multiple forms of climate stress. One of the 
things that’s in the news a lot is just that the 
temperature keeps going up, the drought frequency 
keeps going up—things like that. And this sort of 
event-oriented focus on climate as a threat to security 
is relevant, but it’s not the whole thing. And over a 
decadal or multi-decadal time-frame, a different kind 
of stress that we have to worry about is transformation 
of climate systems. And so this picture here is a 
portrait of an anomalous manifestation of the jet 
stream as you heat up the upper latitudes, you slow 
down the jet stream, and what used to be a kind of 
regular predictable pattern of what goes on tends to be 
very unpredictable. It slows down, it meanders, it 
generates very bizarre weather. 
 
[11:09] So you can get things that do affect human 
security in a big way. It’s highly likely that a 
phenomenon like this, blocking of unusual weather for 
a sustained period, was responsible for the 
simultaneous bizarre events of the Russian heat wave 
and the Pakistan floods in 2010, both of which had big 
implications for both food security and human 
security. So this is just reinforcing the message at this 
conference, that we have to think about systems, not 
just events.  
 
Another major message from the climate security 
research is that our solutions are often more powerful 
at generating problems than relief. Certainly, they’re 
rife with potential for unintended consequences that 
can create big headaches for human security, and I’m 
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sure that you all in your heads have lots of examples of 
this. The effect of the biofuel subsidy on food security 
is probably the most well-studied example of this. 
 
But there are lots of other kinds of problems like this 
going on all around us. For example, in spite of a lot of 
the early fears that water scarcity was going to trigger 
violent conflict, it turns out that irrigation is a much 
more potent magnet for violent conflict than water 
scarcity. It gives people something to fight over, 
something of value. And if you just willy-nilly go 
around trying to improve productivity, you can 
inadvertently increase conflict.  
 

 
 
In addition to all these indirect fears, one of the reasons 
that people like Adm. Titley are now much more 
focused on climate and security is that there’s a lot of 
research showing that there is statistically a very 
powerful connection between unusual climatic events 
and violent conflict events. 
 
[13:05] This is a set of scatterplots from a recent meta-
analysis by [Cal Berkeley professor of public policy] 
Solomon Hsiang and colleagues that shows across 
multiple geographic scales, multiple types of violent 
conflict outcomes, multiple types of climatic stress. 
You get a very predictable pattern. You elevate the 
climatic anomalies, you elevate the incidence of 
violent conflict. This has got a lot of people worried. 
It’s the reason that this year’s IPCC Working Group II 
report—well it’s one of the reasons—that it has a clear 
bottom line message that if you’re worried about the 
human impacts of climate change, one of those impacts 
you should be worried about is elevated risk of violent 
conflict.  
 

 
 
So finally, climate stress, food security problems, 
violent conflict risk, these things are unfolding in a 
context in which all of the systems that support human 
security are unraveling. They’re under stress. The 
National Intelligence Council in the U.S. has a Global 
Trends office, which tries to monitor the underpinnings 
of U.S. national security. Their message is that at 
present if you look forward two decades, the risks are 
increasing across the board—politics, economics, 
cultural, technology. Expect bad things to happen. 
 
So you should be worried about systemic interactions. 
All these things are getting bad. They’re going to 
interact with climate and security and food in bad 
ways, and these are going to be very unpredictable. 
Complex interconnected systems are hard to predict. 
 
We don’t have a lot of precedence historically for 
choosing to manage the problem that Steve Pacala 
pointed to in the earlier discussion: How do we 
manage multiple things across all scales in a coherent 
manner? We have to invent an ability to do this. In 
more isolated cases, where we choose one or two of 
these things, we know we usually fail, but when we get 
lucky enough to hit it right, we can bring about big 
transformational positive success. Thank you. 
 
John Wargo, Tweedy Ordway Professor of 
Environmental Health and Politics, School of 
Forestry & Environmental Studies, Yale University 
 
Pollution and Human Health 
 
[15:33] Good morning. My name is John Wargo. I’m a 
professor of environmental health and political science 
at Yale, where I’ve been a professor for about 25 
years. I’d like to talk to you about what I think of as 
waves of technology and the changing chemistry of the 
human body. The first point I’d like to make is that we 
are in a time when new technologies sweep across the 
world at a really remarkable rate. 
 
I’ll use the example of pesticides. Pesticides used to 
rely predominantly on heavy metals including arsenic, 
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lead, chromium, and cadmium in the 1870s. They were 
followed by the chlorinated organics—DDT, aldrin, 
chlordane, dieldrin, etc. Those were found to be 
persistent, bioaccumulative, and also to have adverse 
effects on many different species of wildlife and also 
on human health. They were followed and replaced 
with organophosphates—chlorpyrifos and diazinon—
that have recently become the targets of the EPA’s 
regulatory efforts. These were replaced by carbamates, 
especially carbaryl also known as Sevin and the 
synthetic pyrethroids followed. Now we have a new 
class of chemicals, the neonicotinoids, that have been 
implicated in the decline of bee populations and 
threatening pollination. 
 
[16:55] So the image that I want to give to you is one 
where we introduce new technologies where we see 
the benefits, but we don’t really test what the adverse 
effects might be either environmentally or on human 
health. When we realize the risks, we tend to replace 
those technologies in a way that carries new threats 
that often are not known at the time that they are 
introduced. 
 
I wanted to focus your attention on what I think of as a 
serious problem that we face in the world’s food 
supply and that’s the chemical diversity. This list of 
pesticides, pharmaceuticals, plasticizers, different 
kinds of additives, generally regarded as safe. By the 
way there are almost 10,000 of those additives that are 
not all required to be tested or to be labeled. 
Radionuclides, made prominent in the Chernobyl 
catastrophe but also in Fukushima. Animal wastes, you 
all know that animals are great concentrators of many 
different compounds—microbes, solvents, metals, and 
persistent organic pollutants that the world has 
basically phased out but are still in our food chain. 
 
I’d like to comment on the potential of law and 
regulation to manage this kind of an issue. Most 
governments focus on chemicals individually. They 
avoid the regulation of mixtures. There are more than 
1,000 active pesticide ingredients that are used in 
agriculture. There are hundreds of different 
pharmaceuticals that are allowed for use in agriculture. 
The toxicity testing is conducted one chemical at a 
time. Mixtures are not generally tested, with only a few 
exceptions. Data are developed—the testing occurs, 
under the umbrella of the promoters of the technology. 
So they do their own testing, they report the results to 
regulatory agencies in different nations around the 
world. Most agencies assume that exposures are 
uniform and that risks are uniformly distributed. And 
also I’d like to make the point that bans of chemicals 
are very rare events in human history. So we tend 
instead to set maximum concentration limits. Then we 
don’t monitor and we don’t conduct surveillance. 
 

The science is fractured and the law governing food is 
fractured as well, and I just wanted to make the point 
that the discussion this morning highlighted the 
interdisciplinary nature of food studies, agricultural 
studies, and that it’s not dealt with by single 
department inside academia anywhere in the world, so 
that there is a fragmentation. This is mirrored in law. 
It’s mirrored in the regulatory fragmentation among 
government agencies in the United States—EPA, the 
Food and Drug Administration, The U.S. Department 
of Agriculture—are all overseen by the Executive 
Office of the President, so that regulatory decision-
making is extremely complicated. 
 
[19:56] I want to say just a few more words about 
some of the health-related challenges. How do diets 
influence our health? Well, we’re seeing a real 
epidemic in diabetes in the U.S., at both ends of the 
life cycle. We’re seeing the effect of cardiovascular 
disease increase based upon a higher intake of 
saturated fats. We’re seeing a rise in allergies. When I 
was a kid, we had nobody in my school who had 
peanut allergies, for example. Now there are milk 
allergies, there are allergies to palm fruits, etc. We’re 
seeing a rise in respiratory illness; the asthma rate is 
related to many different types of foods. We also are 
seeing endocrine disruption. Many of the chemicals 
that I’ve described, and the total universe now is about 
15,000 different chemicals that are either deliberately 
added to the food supply or they are unintentional 
contaminants or remnants of the food processing 
industry. And our body recognizes these chemicals as 
if they were hormones, either estrogen or androgen or 
others, so that they can send signals, they can send 
biochemical signals throughout the body that produce 
effects in animal studies and we do not know what the 
eventual outcome will be for human health. 
 
There are neurological problems as well associated 
with these compounds in the food supply. Many of the 
pesticides are neurologically active, many are 
endocrine disruptors, and many are carcinogens. Those 
are the three areas that I would like you to focus on as I 
talk about health issues: neurotoxic substances, 
carcinogens, and those that can adversely affect the 
endocrine system, and infectious diseases. 
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[21:44] I also wanted to mention that among the 
preventable killers in the world, food plays an 
important role with respect to diabetes, stroke, cancer, 
heart disease. 
 

 
 
And a National Cancer Institute study produced this 
chart about two years ago that looked at the 
implications of genetic characteristics in inducing 
cancers that are normally experienced in high income 
nations compared to environmental influence. 90 to 
95% of cancers are believed to have an environmental 
influence. There are gene-environment interactions at 
play, but if we take a look at the group of cancers on 
the right-hand side of this chart—or the group of 
environmental influences that can induce cancer—you 
find that diet is playing a very important role on the 
far-right side in the blue aspect of the curve. Tobacco 
as well, infections, obesity, alcohol, etc. So what we 
eat, what we drink has an enormous potential 
implication for the rate of cancer development. 
 
[22:52] I’ll close now with just a few comments on 
vulnerability and differential exposure. Food is a 
vehicle for conveying nutrients to your body, but it’s 
also a vehicle for conveying a variety of these 
contaminants that I’ve just mentioned. It’s important 
for us to learn about this and also to realize how 

dietary variants can adjust our exposure and how we 
can self-regulate our risk. 
 

 
 
This is just a chart of mean food intake for apple juice-
the U.S. average intake. 
 

 
 
Here is a chart that is using the same data, but it breaks 
it down by different age classes. Governments around 
the world never thought about this, the differential 
intake—especially of the very young—in conveying 
chemicals to the body. This chart, showing that 
children between the ages of one and two consume 
roughly 20-times the amount of apple juice, about five-
times the amount of orange juice, etc. This means that 
if you were really going to regulate these chemicals in 
the international food supply, you would want to take 
into account variable patterns in human exposure 
driven by dietary intake. 
 
They are also driven by patterns of the residues that 
would appear out there in the food supply—and here’s 
a chart that I put together that gives you a sense of 
organophosphate insecticides, that are all neurotoxic 
by the way, and the kind of crops that they’re allowed 
for use on and the different residue values that have 
been found in Food and Drug Administration studies. 
 
[24:18] I’ll close with this point, which is that I 
encourage you to think about this differential pattern of 
exposure, together with this idea of variable 
susceptibility also driven by age. So, different organ 
systems mature at very different rates. So that you see 
at the bottom the testes don’t start growing rapidly 
until the period of adolescents. Above that, the uterus 
also has rapid growth rates during adolescence. Stature 
has a more linear relationship. The brain, represented 
by these squares on end, also matures but most rapidly 
during the first five years of life. I’ve become, as well 
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as the medical community, aware that these are 
windows of vulnerability, of very rapid rates of growth 
and development, when we should be thoughtful about 
the mixture of chemicals that we are using in the food 
chain, and what the implications might be on our 
youngest in terms of their neurological development, 
in terms of their potential to experience abnormal 
growth and development of cells, such as cancer, and 
also the effect on their endocrine system. 
 

 
 
I’ll close with this slide just to encourage your 
attention to the fact that laws around the world have 
paid very very little attention to the what happens in 
utero because of the expectation that many of these 
compounds do not cross the placenta. When studied, 
we find that many of them do cross the placenta. And 
as a physician would prescribe a medication to you, 
they would think about your bodyweight and they 
would adjust your dosage to your bodyweight. So all 
of the maximum ceilings of allowable exposure in the 
world are set with relevance to bodyweight, but the 
bodyweight of the fetus has never been the foundation 
for setting any of these regulations.  
 

 
 
So, if I make an argument to you that the different 
intake of apple juice for a kid leads to a twenty-fold 
increase in any pesticide residue in that apple juice, I 
can also make an argument that there may be a several-
hundred-fold increase in the exposure to fetal tissues. 

So that this form of thinking needs to permeate those 
who are doing exposure assessments and risk 
assessments in a way that might lead them to 
encourage a different sort of vigilance with respect to 
managing the chemical nature of the food supply. 
Thanks very much. 
 
Jessica Fanzo, Assistant Professor of Nutrition, 
Director of Nutrition Policy, Center on 
Globalization and Sustainable Development; 
Institute of Human Nutrition and Department of 
Pediatrics, Columbia University 
 
Human nutrition and hunger 
 
[26:55] Okay, good morning everybody. I’m going to 
be talking about the role of human nutrition in 
agriculture. Shenggen already opened up with a lot of 
statistics, he’s a great global nutrition ambassador, 
particularly in the CG system [Consultative Group for 
International Agricultural Research (CGIAR)]. So 
thank you, Shenggen. Just a few things to emphasize 
here, if you look at the burden, it’s huge: 
 
 2.1 billion people are overweight or obese 
 51 million children are “wasted” or acutely 

malnourished—that has a high risk of mortality 
associated with being wasted. 

 161 million children are “stunted” or chronically 
undernourished—that means not only in their body, 
but in their brains as well. Poor cognitive 
development is highly associated with being 
stunted. 

 2 billion have some type of micronutrient 
deficiency. 

Now these are not singular events. They can happen 
over time. They can happen and manifest in multiple 
forms in a person. A person can be obese, stunted, and 
have micronutrient deficiencies. A person can be 
wasted and stunted. So, we shouldn’t think about these 
manifestations in isolation. Most importantly is this 
convergence between under- and overnutrition.  
 
The fetal origins of adult disease hypothesis, which 
was developed by David Barker a long time ago 
(1986), has proven to be true and we know now that 
undernutrition—in utero, in the womb, as well as in 
early childhood—can lead to overweight and obesity 
into adulthood, and the non-communicable diseases 
associated with this. So again we shouldn’t be thinking 
about under- and overnutrition in isolation. They’re 
often very highly associated with poverty, and poverty 
can be a trigger for both. 
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[28:45] Agriculture is critically important for 
nutrition—I don’t think I need to sell anyone in this 
room about that. But agriculture-led growth, that you 
can see here on the x-axis, does not necessarily always 
improve undernutrition. Why is that? Well, nutrition is 
a complex etiology. It requires a lot of different sectors 
to interact: a clean environment, a functional health 
system, a functional food system. It has a lot of system 
interactions. Education, social protection, gender 
empowerment. But agriculture can play a role. 
 

 
 
[29:25] This is a diagram, coming out of Feed the 
Future, a USAID project, showing you along the value 
chain where nutrition can improve. Production of 
diversified diets, better post-harvest storage, avoiding 
issues like aflatoxin [class of toxic compounds that are 
produced by certain molds found in food, and can 
cause liver damage and cancer], staple food 
fortification—and Shenggen again talked a lot about 
biofortification at the production level—local food 
fortification, and improving consumption practices, 
and women-centered financing for improving nutrition. 
 
[30:05] So just to get into the risks—because this is all 
about risks—I wanted to focus on a few different areas 
that I think are really risky for nutrition from the aspect 
of agriculture. So if we look at the three pillars of food 
security (Food Production, Food Access, and Food 
Utilization). 

 
Food production: We need to really think about what 
kind of food we’re producing, the quality of food that’s 
available to improve dietary diversity and nutritional 
quality of that food. Today, this morning, we talked a 
lot about “feeding the world.” I think we need to get 
out of that kind of terminology. How do we feed the 
world well? Because when we talk about “feeding the 
world,” a lot of nutritionists equate that to keeping 
them alive. “How do you keep people alive?” Well, we 
want to keep them alive and we want them to thrive. 
So can we change the discussion to not just talk about 
feeding people? 
 
Food access: Cost of diets. So if the food is even 
available, a lot of people in the world cannot afford the 
basic nutritional requirements of their diet. They just 
can’t afford it. They don’t make enough money. How 
do we make the cost of diets more affordable to a lot of 
people in the world? Geography and roads play a huge 
role in access. People just can’t get access to markets. I 
live in Harlem, New York City and there’s definitely 
food deserts up in Harlem were you just can’t get 
access to good quality food. 
 
Food Utilization: And I highlighted in blue “Food 
Utilization.” And this is really where the rubber meets 
the road for nutritionists. You can have the food 
available, you can access it, you can afford it, but if 
you have poor sanitation and hygiene, if the food is not 
of good quality because of substandard safety issues, 
or if you have a lot of exposure, you can develop 
enteropathy, which is an intestinal insult, and you 
won’t absorb any of those nutrients. So again, 
agriculture plays a role, but environment, sanitation, 
hygiene, education, knowledge all play a key role as 
well. In places like in India, you have open defecation 
that is practiced at a very high level. They will suffer 
from a lot of enteropathy, So the food can be there, But 
they just won’t absorb it, so that is a huge key issue. 
And in that area, what can agriculture do? 
 
[32:33] The other risks, and these are huge and I hope 
we can talk about them over the next day and a half, 
are: 
 
 Women. They’re generally the ignored group. They 

don’t have access to education. They don’t have 
access to the goods and technology. There’s 
inequity across the board, and over-arching all of 
this is the reproductive health issue and the fertility 
rates in some countries are incredibly burdensome 
for women. And so how do we pair the food system 
with other systems like health, social, and 
education systems for women? 

 Urban—someone mentioned urban– we are shifting 
dramatically towards an urban environment that 
leads to dietary shifts and disease shifts. We’re 
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moving, our world is getting fatter, and we’re 
dying from non-communicable diseases. 

 Equity in the food system is another big issue. In 
the United States, we eat too much animal-sourced 
foods. In other countries, they have no access to 
animal- sourced foods. That’s an important source 
of nutrition. 

 Animal production systems: And within that, how 
do we rationalize the current animal production 
systems? We’re taking food resources, feeding 
them to animals, to feed humans. And that’s Cheryl 
Palm, who recommended that risk. 

 And climate variability: How do we ensure 
nutrition resiliency amongst this growing issue of 
climate variability? 
 

[34:04] I just leave with these questions, the “how” 
questions. We often talk about the “what,” but how do 
we do this? How do we make agriculture improve 
nutrition? How do we ensure that agriculture has 
nutrition objectives? This is complicated. But some 
ideas and things I hope to discuss: how to build data 
and information systems that can better predict and 
respond to disasters and non-disaster nutrition risks? 
How do we establish resiliency mechanisms that 
protect nutrition, particular for smallholder farmer 
families? How do we scale up social safety nets that 
include the agriculture system like massive food safety 
nets like what Ethiopia is doing? How do we ensure 
equity of nutrients across our food system– the animal 
source issue? How do we enhance our coordination? 
How do we get more nutritionists in the room? I think 
I’m the only card-carrying nutritionist here, maybe?. 
And Shenggen—Shenggen is half. He’s been adopted 
by the nutrition family. And how to communicate 
better between the different sectors. You know, we all 
speak different languages. Just listening to Dr. Wargo, 
He speaks a very different more health-based 
language, and I’m sure Dr. Kahn will as well. How do 
we start to develop a common language around 
solutions? Thank you. 
 
Laura Kahn, MD (Moderator), Research Scholar, 
Program on Science and Global Security; Princeton 
University 
 
Epidemics, health crisis, and chain of accountability 
 
Talk title: Agriculture and public health: risks and 
benefits 
 
[35:40] Okay we’ve be hearing a lot about the risks, 
let’s not forget the benefits of agriculture. Without it, 
we wouldn’t have civilization. Without a steady stable 
food supply, without domesticating plants and animals, 
we wouldn’t be here, we wouldn’t have the civilization 
that we have today, that we enjoy. But unfortunately, 
as you’ve been hearing, there are costs associated with 
it. We’ve been hearing a little bit about the diseases 

that are associated with agriculture. I’m going to focus 
on meat. And this is a process that’s been going on 
since the dawn of agriculture. This isn’t something 
that’s new. 
 
When you go back to the earliest times, when people 
started living closer to animals, they started getting 
their diseases. For example, measles, which is in the 
same family as rinderpest, which is a deadly disease of 
livestock that almost certainly jumped into the human 
population. Although I will have you know that 
rinderpest was recently eradicated—only the second 
disease eradicated in world history, the first of course 
being smallpox. So we can pat ourselves on the back 
for that accomplishment. 
 
But there are many other diseases unfortunately. 
Influenza comes from wild waterfowl. Q fever—
anyone here from the Netherlands? The Netherlands 
suffered from the largest Q fever outbreak in history 
back in 2005-09, where they have thousands of goats 
and sheep and farms, some of the largest in the world, 
and unfortunately Q fever spread into the human 
population and started making people sick and some 
were dying. Nipah virus—that is indirectly related to 
agriculture, in that in Malaysia, they were undergoing 
massive deforestation to make way for pig farms. And 
the fruit bats—their habitats were decimated—so they 
started hanging out around the pig farms and 
contaminating the food. So one could argue then that 
the Nipah virus is related to agriculture from that 
regard. Bovine spongiform encephalopathy, also 
known as “mad cow [disease],” came from feeding 
cattle ground-up offal from other animals. 
Campylobacter from poultry, and of course E. coli 
from cattle. 
 
[38:15] So you have many problems with large-scale 
agriculture, but on the other hand, if you don’t have 
agriculture, you run the risk of the diseases from eating 
bushmeat, and that includes HIV/AIDS, SARS, the 
Ebola virus that we’ve heard a bit about that’s spiraling 
out of control in West Africa—certainly came from 
somebody who was butchering and/or eating wildlife. 
They’re not sure exactly what the host species is, but 
it’s almost certainly a fruit bat. Bats, by the way, 
happen to harbor some of the deadliest diseases known 
to humanity, including the Nipah virus, Ebola, 
probably SARS, and of course rabies. So choose your 
poison. Which would you rather do? Would you rather 
eat the known disease from livestock or the unknown 
potentially deadly disease from bushmeat? So, you 
know, there are inherent risks with eating meat. 
 
Now some might argue then that we should all become 
vegetarian. Certainly, people can live long and healthy 
lives being vegetarian, but that is more the exception 
than the rule. And I think that’s not really the answer 
that we’re going to need to figure out. 
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So that drives us to this question that we’re 
deliberating on—how to feed billions of people now 
and in the future: everything comes with costs. 
 
[39:48] The Green Revolution of came with costs, 
including pesticides and water overuse. But I argue, 
and some would argue against this, that some form of 
intensive agriculture will be needed to feed the 9-10 or 
more billion people by 2050. And of course as the 
world becomes more affluent, the demand for meat and 
other animal proteins will increase, and intensively 
raised meet comes with costs. The one that I’ve been 
studying for the past couple of years has been the use 
of antibiotics. 
 
[40:24] Interestingly, there has been a rather parallel 
evolution between medicine and agriculture in the 20th 
century: both have become increasingly specialized, 
technologically driven, and both are equally dependent 
on antibiotics. The practice of modern medicine 
couldn’t exist today without effective antibiotics. You 
couldn’t have elective surgeries, you couldn’t have 
cancer chemotherapies, you couldn’t have many of the 
immunosuppressive treatments available. The price of 
medical care, as was discussed earlier, has gone up. 
Agriculture, the price of food has dramatically 
decreased because of the increased efficiencies—with 
all of the problems—used there. 
 
Both medicine and agriculture, as I said, have used 
antibiotics. All use of antibiotics leads to resistance. In 
livestock, the primary users are pigs and poultry. 
 

 
 
We’ve talked a little bit about this, about the cost of 
food, and since World War II, the price of food in the 
U.S. has decreased and we are the beneficiaries of a 
very cheap food supply relative to our income. Those 
of us who have grown up since WWII have not 
experienced a food shortage—we have been very 
fortunate in that. 
 

 
 
But for much of the world’s poor, that is not the case, 
and many of them spend virtually most of their income 
on food. 
 
The challenge then that we face in the 21st century is 
balancing these risks versus benefits of agriculture, 
particularly meat production, to feed the world’s 
population. Antibiotics are essential for both 
medicine/public health and agriculture—intensive 
agriculture is just as reliant. And so far, no substitute 
has been found for meat production. I will end there. I 
think I’m one of the few to come in below time. Thank 
you very much. 
 
Panel 2 Discussion 
 
[42:41] Pedro Sanchez: Laura, this is for you. You 
had a column in one of your slides: medicine and 
agriculture, comparing them. I would like to add 
another interesting comparison about GMOs. As far as 
I know, they are very very common in medicine. 
Commonly used for insulin, commonly used for all 
sorts of things in medicine, and there’s no issue, 
there’s no arguing about that. But when you come to 
agricultural GMOs, all sorts of hell breaks loose. So 
here’s an interesting situation. While apparently we 
don’t mind GMOs—or we don’t know what GMOs are 
doing [xx] in medicine, we’re horrified about having 
them as food? 
 
[43:25] Laura Kahn: It has become incredibly 
politicized. And with that argument—the opposition to 
genetically modified food—I would argue that we have 
been genetically modifying food since the dawn of 
agriculture. There is no single livestock or crop that we 
have not genetically modified. We’ve only gotten a lot 
better at it. Why people are so opposed to it, I don’t 
know, but I really do think that they are important and 
part of the future in how we feed the billions that are 
expected on the planet. I’m sure there are those who 
will disagree with me, but that’s how I feel. It’s been a 
tremendous benefit in medicine and you’ve had the 
Golden Rice that provides vitamin A to the world’s 
starving children who develop blindness because of 
vitamin A deficiency, here’s an opportunity to stop 
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that, to cure that, and there’s been opposition to using 
it, so it really makes no sense. 
 
[44:44] Xin Zhang, WWS post-doc: I work on 
nitrogen management in agriculture. Actually, my 
question is probably for the last three speakers. In 
China, vegetable and fruit consumption has increased 
largely in the past decade. The production—the 
harvested area—currently accounts for 30% of the 
agriculture cropland. You mentioned earlier that 
consuming more vegetables and fruit has benefits in 
terms of nutrition, but at the same time it also suffers 
from the chemical residue problem, and potentially 
cause some health problems. So I just wonder, taking 
that as an example, is there some assessment in terms 
of combining the nutrition perspective and also the 
chemical perspective to try to give a better evaluation 
in terms of the consumption of different types of crops. 
On top of that, there is an environment impact in terms 
of more pesticide input and nitrogen input. So I could 
see that as a case study, a more connected, 
interdisciplinary collaboration in addressing these 
issues. 
 
[46:19] John Wargo: Both are good questions. I 
wanted to just address the GMO issue briefly. I think 
that the knowledge about the risk of GMOs is quite 
primitive, compared to knowledge about risks 
associated with pesticides or pharmaceuticals. 
Pharmaceuticals are the best-studied compounds we 
have in the world, followed by pesticides. And that’s 
because they’re both biocides and they’re often 
manufactured by the same company. With respect to 
GMOs, I think that some of the controversy surrounds 
whether or not they have long-term effectiveness, but 
associated with different externalities. For example, 
last week the United States approved a new genetically 
modified strain of [herbicide for] corn and soybean—
it’s called Enlist Duo [from Dow AgroSciences]. This 
came about because the company [Monsanto] that 
manufactures glyphosate [sold under the trade name 
Roundup], which is an herbicide that went into such 
broad-scale use that it produced herbicide-resistant 
strains of weeds. [Enlist Duo was designed and 
developed to replace glyphosate, as it has become 
increasingly ineffective against glyphosate-resistant 
weeds.] 
 
The problem has grown not just in the U.S., but around 
the world. So they have genetically modified corn and 
soybeans to be resistant to glyphosate but also to an 
additional herbicide—2,4-D [2,4-
Dichlorophenoxyacetic acid]—which has long been 
used, one of the most heavily used herbicides in the 
world. What’s happening is we’re piling on pesticides 
to these seed combinations—and selling them in 
packages. You may not think that this is necessarily a 
negative outcome, but it will carry certain pollution 
implications to large areas of the U.S. landscape. The 

combination is likely to be applied to more than 100 
million acres of U.S. land over the next five years and 
it may go even higher. And what happens when 
glyphosate and 2,4-D produce resistant strains? We’ll 
be in the same position later. So it may not be the issue 
that the GMOs themselves are the problem, but 
especially when the companies are producing specific 
strains that can take over such a large portion of the 
landscape, it promotes a reduction in biological 
diversity of our food supply, and it also concentrates a 
very specialized set of technologies on very large tracts 
of our ecosystem. 
 
[48:47] With respect to the China issue, I think that 
you’re right. If you looked at the food residues for 
pesticides in the world, you’d find that fruits and 
vegetables normally have higher residue values than 
many other foods. And Environmental Working 
Group, an NGO in D.C., publishes what they call the 
“Dirty Dozen” foods every year—they’re always fresh 
fruits and vegetables. You see the conflict there 
because we’re hoping—nutritionists are hoping—that 
we can increase the consumption of fresh fruits and 
vegetables. I’ve studied this stuff for many years, and 
let me encourage you: eat your fresh fruits and 
vegetables, regardless of concerns about the pesticide 
residue, because of their minor nature. 
 
But for those lands that are used for fruit and vegetable 
production, you’re going to see increasing intensity of 
chemical applications, just because they’re harder to 
grow. Insecticides, fungicides, herbicides, rodenticides, 
many different compounds are applied and many tend 
to persist all the way to the dinner table, but in 
relatively low values unless they get into drinking 
water because water is the most consumed food in the 
world. If your water supply is contaminated, that’s a 
serious issue. You’re drinking it as water, you’re 
drinking it as an addition to food, perhaps as infant 
formula. So that concern is important. 
 
I’m more concerned about the major routes of 
exposure, which come from water or indoor 
application of chemicals, pesticides for example—
that’s where the majority of human exposure comes 
from. 
 
[50:41] Jessica Fanzo: Just very briefly to build on 
what you were saying. There’s a lot of conversation 
now in the nutrition community about “sustainable 
diets.” How can we—the planet—consume a healthy 
diet that treads lightly on the earth? And this gets to a 
lot of the issues that you were bringing up. Because 
right now, the environment groups, food safety groups 
are not speaking with nutritionists. If you look at the 
U.S. dietary guidelines, their fish recommendation—if 
everyone in the United States followed the guidelines, 
we would deplete the marine natural resources in about 
50 years. So we’re not communicating with the 
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environment groups or the food safety groups when we 
make these nutrition guidelines at all from my 
perspective. There’s a push now, how do we make 
guidelines and recommendations that are thinking 
about environmental degradation and planetary 
boundaries as well? 
 
[51:29] Xenia Morin: A couple things I didn’t hear 
about risks—from pests, from disease, from the ability 
for farmers to actually be able to farm. Many of these 
interventions, as John has mentioned, of pesticides is 
to make sure you have a crop to harvest. I’d like to 
kind of contextualize it that there are different kind of 
risks depending on where you are in that food system. 
A specific question for John: we’ve seen that pesticide 
treadmill over and over again, and to tie back to 
Pedro’s answer, that GMOs brought in a way to reduce 
the amount of pesticides being used, or substitute less 
toxic for other things. Do you see, from your 
perspective, the ability to make substitutions so that 
farmers can still farm and protect against disease or 
pests in a chemical way? 
 
[52:31] John Wargo: On your first point, I think you 
hit the nail on the head. If we didn’t use pesticides in 
the world, we would probably lose between 30-50% of 
the food that is currently sold. So they’re enormously 
important. At the same time, we need to think much 
more strategically about how to approach their 
management. Yes, they can be risky, especially if 
you’re heavily exposed, especially the farm workers, 
or if the water is contaminated. But there are normally 
choices among possible pesticide technologies. For 
example, there are 40 different organophosphate 
insecticides. Some are far more toxic than others.  
 
The ideal global governance system would work to 
identify the set of possible chemical technologies that 
we could use, try to phase out the most toxic 
compounds, the most bioaccumulative persistent 
compounds, and favor the use of those we know are 
least toxic, least bioresistant, etc. At the same time, we 
need to keep an eye on where the residues are going in 
the environment because all these chemicals behave 
differently—some bind to fats, others are water soluble 
and drop down into the water table. Keeping an eye on 
environmental risks, ecological risks at the same time 
we are thinking about how to reduce toxicity and 
exposure in a very strategic way is I think at least a set 
of principles to begin to work from. 
 
[54:12] Andrew Shaver, WWS: I want to bring the 
conversation back to the issue of conflict and food 
security if I may. My question is, can we push on the 
mechanism slightly? I would just like to ask about the 
mechanism. I am familiar with recent work that shows 
that the temperature-conflict relationship exists in parts 
of the world that don’t have significant levels of 
agricultural production, which begs the question: is the 

commonly theorized mechanism, at least in the conflict 
literature I think, that these are subsistence crops that 
are diminishing and leading to greater levels of 
insurgency, greater levels of unemployment that also 
can be recruited for insurgency. Is there any thought 
about other alternative mechanisms that could be at 
play—food prices for instance? 
 
[55:07] Marc Levy: This is the question that everyone 
is working on because I think for the most part, we 
have a working agreement that the relationship exists, 
but we have no idea what the mechanisms are. Most 
likely, there are multiple mechanisms. If you look at 
the case studies, you can find anecdotal evidence that 
there are lots of different pathways at work. 
 
There’ve been some attempts to try and codify these 
things but no two agree. I think that the bottom line 
message is that if you used to think that climate-
security linkages were a problem because of 
suppressing yields in the countryside, you’ve got your 
sights set too narrowly. There is now mounting 
evidence that urban pressures—shutting down cooling 
towers in electricity plants for example, or even having 
to shut down municipal water supplies in extreme 
climatic events—these things could play a role. There 
are many different pathways that are at work, and it’s 
not strictly a rural question anymore. 
 
There is also this background hypothesis—that the 
psychology may play a big role. With some of these 
cognitive limits we talked about this morning—the 
research demonstrates very conclusively that when you 
turn the dial up on the thermostat, your ability to make 
complex tradeoffs and effective management choices 
goes down. The experiments prove this really quite 
clearly. It could be something as simple as people 
screw up a lot when it gets too hot. 
 
[57:10] Miguel Centeno: Well, this is an extremely 
depressing panel (laughs). One of the problems with 
global risk discussion is that we can be a bunch of 
Cassandras. The sky is falling, the sky is falling, the 
sky is falling. And everybody just goes and drinks 
more, which is probably detrimental to good health. So 
for example, the inability of farmers to get to their 
land, the practices of introducing these chemicals into 
foods etc. Where is the governance issue that we need 
to focus on? Is the governance issue at the household 
level—so what we really have to do is improve 
nutritional information? Is the governance problem at 
the national level—so we have to have some kinds of 
regulations of these? Is it really on a global level? 
Where do we begin to address these things? Is it 
possible to address these without going into a [xx] 
about which we know very little—global governability 
is still like a black box. Where do you see the first 
steps, in a sense, so we’re not just looking at the 
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Greeks coming into Troy and killing us all, but we can 
actually do something about it? 
 
[58:20] Laura Kahn: Well at least from antibiotic 
perspective it’s a global issue. It turns out that 
antibiotic resistance genes are ubiquitous and they’re 
ancient, and they long predate human use of 
antibiotics. It’s what’s called the “global resistome,” 
and what happens is, with increased human use we put 
selective pressures onto the resistome, and they 
increase their transmission or microbial sex, if you 
will. They’re all exchanging genetic information with 
each other. The more antibiotics we put into the 
system, the more they exchange it and the more 
resistance we encounter in the clinical setting. So it 
absolutely has to be a global response. 
 
Some countries are doing more than others—so for 
example in Europe, they’ve banned all antibiotic 
growth-promoting agents in their meat production. 
That’s had some benefits in a couple of countries. In 
Germany, the Netherlands, they’ve been able to show a 
decrease in carriage of vancomycin-resistant 
enterococcus in healthy humans. In Denmark, they 
were able to show a decrease in that carriage in 
livestock. But for the rest of countries, there’s no data. 
If you look at it on an EU-wide basis, the production of 
pig meat has, actually relative to the United States, 
decreased. So it has had a bit of an adverse impact for 
the farmers. For poultry there was no effect, and that is 
because they continued to use certain antiparasitic 
medications, coccidiostats and histomonostats in 
poultry. And also the downside to the ban is that 
therapeutic use actually increased. In Denmark, 
therapeutic use increased by 120%, once they stopped 
the growth-promoter use. 
 
So when I say that intensive agriculture relies on 
antibiotics, there’s a big push in this country to try to 
ban growth-promoting use. And fortunately we never 
did approve one of the antibiotics used in Europe, 
which was a good thing. But I think it would have a 
negligible effect overall on human health to be honest 
from what I researched in Europe. We need to be more 
judicious in our use of antibiotics both in humans and 
in livestock, and it has to be a global effort. 
 
[1:01:08] John Wargo: Well first I think the question 
is just terrific. It’s really a fundamental question that 
we need to face. My impression is that the way we 
produce, and distribute, and consume, and throw away 
food in the world, is overwhelmingly dominated by the 
private sector. I’m seeing concentration at pretty much 
all stages in food production. Look at the seed 
companies. Concentration in the seed sector, 
concentration in the chemical sector, you have about 
six different chemical companies—Syngenta, for 
example, Dow, Monsanto –that are playing an 
enormous role in conducting genetic sequencing and 

testing, combining them with their chemical 
technologies and this packaging issue.  
 
You’re seeing phenomenal concentration also in the 
food processing sector. Nestlé, based in Switzerland, 
operates in about 60 countries in the world. They are 
the largest food company in the world now. They have 
a campus in Lake Geneva that employs more than 300 
PhD food scientists. There’s no university in the world 
that has that collection of expertise. What we are 
seeing is a concentration of power, capital, and 
expertise in the private sector that we haven’t seen 
before, meaning that their global influence is 
increasingly difficult to regulate at the national level. 
But we certainly are not doing a good job at the 
international level. So where does that leave us? 
 
I think that we’re seeing innovation in the corporate 
sector in a variety of ways. One is self-governance—
they’re setting their own internal standards, that 
sometimes, I’ve seen, are more restrictive than any 
national government. It’s not just happening in the 
food area, it’s happening in other areas as well. The 
company that comes to mind in the U.S. for example is 
Whole Foods. I won’t dwell on that because it’s an 
obvious example. Also, companies are finding 
different niches in the marketplace by publicly 
disclosing what they’re doing, what their ingredients 
are, creating tough standards for their selection of 
food. Nestlé is, by the way, they grow food in 60 
different countries, and they are trying to control their 
supply chain all the way to the marketplace—to the 
consumer. When you get a firm that big that adopts 
principles of sustainability, however you might define 
that, that I think can have far more power in 
marketplace than a governing agency can. 
 
If you compare the wealth or the expertise of the 
Environmental Protection Agency or the Food and 
Drug Administration to Eli Lilly, Pfizer, Syngenta, 
Novartis, there’s no comparison. This differential in 
expertise gives you a terrific advantage in litigation, in 
avoiding liability, and also in getting their products 
licensed. 
 
One last thing I want to say is about secrecy and the 
role of secrecy here. We all don’t know what we’re 
eating. I don’t think any of you knew that there are 
15,000 chemicals that are commonly used in the 
international food supply. They’re not labeled. And 
they’re not labeled because many of them are protected 
as confidential business information. They may be 
released to a government regulator. EPA or FDA or 
European Food Safety Authority, but they are not 
released to the public. There are laws that protect them 
and basically prevent the consumer from having much 
hope of knowing what’s going on with the 
technologies. Why would they do that? Why would 
they demand that? How would they get laws passed to 
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protect that? Well they do it to protect their enormous 
financial investments in new technologies. 
 
I’m not presenting such a dismal figure as you could if 
you just said that government regulation is failing 
around the world. I think that a lot is going on. Third-
party certification efforts have a great potential, but 
also I think corporate certification programs. 
 
[1:05:55] Marc Levy: There are a lot of ways to 
address the question you’re posing. One way is from a 
social learning perspective. What you’re talking about 
is how to take a fractured society that is not mobilized 
around a common goal beset by these complex 
problems and figure out a way that it can acquire the 
ability to steer itself. There is some research, there is a 
literature, there is a community looking at these things. 
 
I would summarize the answer from that community as 
focusing on five core things: 
 
1. A “headline goal” that you could use to mobilize 
support and keep attention, to keep it inside your 
tunnel, to borrow the other metaphor. Currently for 
these cross-systemic risks, that is empty space. We 
don’t have any kind of headline goal that the world 
community is mobilized around. So we have to kind of 
fill it. That is related to the second necessary condition 
which is a epistemic community. 
 
2. An epistemic community that unites experts from 
different disciplines toward a common purpose. Not 
divided disciplines the way normal academic work is 
organized, but around a common purpose. I think 
we’ve got little nuclei of that sort of thing going, but it 
doesn’t yet include all necessary expertise that we’re 
talking about. 
 
3. Managerial component—There is a managerial 
component to that, too, which is a third necessary 
ingredient. You need trans-national, cross-sectoral 
management networks where people are working 
together toward a common purpose, sharing expertise, 
helping each other out, and so on. 
 
4. Willingness to experiment and discover novel points 
of intervention. You can target activity and it triggers 
cascades of benefits throughout a system. After World 
War II, the Marshall Plan focused on the factory shop 
floor as the key focal point, and from there you got 
lessons in building democracy, unions, efficiency, 
management techniques, and a lot of benefits followed 
from that. 
 
5. Political: You need a coalition that will be stable, 
that’s cross-cutting, and that that will defend the goal 
against attacks, because there will be enemies to all of 
this stuff, you know the successful [xx] opponents, you 
need something that could keep it going. As strong 

ideally as the coalition that’s kept alive social 
democracy in Northern Europe. You know that kind of 
cross-cutting coalition. 
 
[1:08:40] Tim Searchinger: I had a specific question 
about the finding that diet was responsible for 35% or 
so of cancer. I’m curious, how robust is that finding 
and can you elaborate? 
 
[1:09: 04] John Wargo: Well I think it is really 
difficult to explain. The question is a really good one. 
The world is experiencing what I think of as dietary 
convergence. Epidemiology is demonstrating that 
people who consume a Mediterranean diet, or a typical 
Asian diet, that used to be high in rice and vegetables, 
but low in animal-based saturated fat, had a different 
health profile than people who grew up in the United 
States or in some of the nations in Europe that had a 
high dietary intake of animal products and dairy 
products. So when people from Asia moved to U.S. 
and adopted U.S. dietary patterns, their disease profile 
began to match the profile of people who had lived in 
the United States for their lives. So it’s pretty 
convincing epidemiology.  
 
That we’re seeing convergence of dietary patterns as 
the Mediterranean diet is phasing out, the meat intake 
and dairy intake in Asian nations is increasing. So the 
big killers have to do with cardiovascular events—the 
impact of plaque buildup on the cardiovascular system, 
and also rising levels of diabetes. The specific relation 
to cancer is a very difficult thing to study because there 
are so many carcinogens in the world. Not all 
chemicals are bad by the way. There are good 
chemicals, nutrients, are good chemicals for example. 
A lot of my students make that mistake. We’re 
realizing that nutrition and reduction of exposure to 
added carcinogens in the food supply could change this 
disease profile. I hope we have more discussion as we 
go on about animals and the movement of the world to 
increase animal production and dairy products. From 
two perspectives, one is the human health perspective 
that I worry about, and the second is the energy 
perspective, given the four or five-fold amount of 
energy necessary to produce meats compared to plant-
based nutrient sources. 
 
[1:11:52] Tim Searchinger: For those pesticide 
people, I once tried to develop an index of overall 
pesticide toxicity for different possible pesticides used 
in apple production. And it turned out to be 
extraordinarily hard to do because you have to balance 
these different types of effects. And you have these big 
information gaps. Actually coming up with an index to 
say which is the type of shift that would be beneficial. 
It turned out we kind of gave up in the end, we had 
something we weren’t that thrilled with. I just kind of 
put that in as a pitch—we talk about information 
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gaps—even if you could tell the world how to do it, we 
wouldn’t quite know what to tell the world to do. 
 
[1:12:34] John Wargo: I think there is a really quick 
strategy that might be applied. And that would be to try 
to reduce risk by type of toxicity. So among the class 
of substances that are neurotoxic, reduce the use of the 
most risky. Among the carcinogens, reduce the most 
risky. So that if you try to use an approach of multi-
criteria decision-making, if you try to achieve an 
efficient reduction in each of these adverse endpoints. 
You could take the same approach for different kinds 
of environmental effects—the effect on endangered 
species, or potential to contaminate water. So I would 
do it by endpoint. 
 
Tim Searchinger: Yes, there were tradeoffs. That was 
part of the challenge. 
 
John Wargo: Well especially when you factor in 
economics, because your less risky approach may be 
the most costly, which was the case with DDT use in 
Africa for malaria control for many years. 
 
[1:13:43] Michael Hauser: I would like to know from 
the panel if you have a worst-case scenario, the biggest 
risk in the food system that you can think of. I mean in 
the energy sector we had Fukushima, we had 
Chernobyl. A risk suddenly translated into a shock. In 
health sector, we have Ebola now, something that 
we’ve known for 30 years, but suddenly it became a 
shock. Is there something in the food system, in the 
supply chain that you could think of? A “super risk” 
that translates into a shock that we can’t handle? 
 
[1:14:22] Pedro Sanchez: War. 
 
[1:14:21] Marc Levy: I’ll give you two. One is very 
very easy to imagine but hard to figure out how you 
would respond to. Just imagine a sustained heat wave 
that shuts down production in multiple bread baskets. 
So you just have a shock that just affects the entire 
global food supply in the course of one growing 
season. That would be a big one. 
 
A more nuanced one would be: imagine going through 
10-15 years of rapid expansion of agricultural in Africa 
in response to the global needs that have been 
articulated, which leads to rapid reorganization of 
social life across the African countryside—lots of 
incipient new social patterns responding to all of that. 
Then you get a recurrence of something like the 
Sahelian drought [in the Sahel climate zone 
sandwiched between the African Savannah grasslands 
to the south and the Sahara desert to the north, across 
West and Central Africa] of the 70s and 80s over the 
course of 5-10 years. So you have new social patterns, 
new vulnerabilities, new transmission develops in the 
global system. As Pedro was whispering, that would be 

a very easy cauldron in which you could have a virtual 
continental-wide war break out. It might start as a 
series of locally events, but then generalize really 
badly, really fast. 
 
[1:16:00] Jessica Fanzo: I just want to add onto that. I 
mean obviously conflict is a really big one and Marc 
[Levy] presented data on that. I work a lot in post-
conflict countries or in communities in the middle of 
conflict. In last two years we’ve been working in 
Timor-Leste (East Timor), which has come out of 200 
years of conflict and pretty much the entire country 
was decimated. From a nutrition perspective, they had 
the highest burden of undernutrition in the world—
60% of the children are stunted—and so that can last 
generations. Stunting is a bit of a photograph of a 
country’s history, particularly when it comes timed to 
conflict. If you think large-scale conflict—to me would 
be the biggest risk. If you look at the top ten countries 
with the highest burden of undernutrition, almost all of 
them are conflict countries, or post-conflict countries 
immediately in the last decade. 
 
[1:17:05] Miguel Centeno: This is why I keep pushing 
the governance issue and the power issue. I just want 
to use Dr. Ahmed’s point. We were afraid of Ebola 
because all of a sudden it killed white people. It could 
kill hundreds of thousands of West Africans and 
nobody cared. But the minute it crosses into the 
sacrosanct space of the rich, we worry about it. What 
I’m concerned with is, the kind of risk you’re talking 
about, Dr. Ahmed, where Ebola is eradicated—so 
everybody in Dallas and in New York can now rest 
peacefully—but what we have is massive starvation 
throughout West Africa, because the farmers have not 
been able to go through a growth cycle, and based on 
empirical experience, nobody will care. How do you 
transform these issues so they don’t just go around—
how do you make a global issue where even the costs 
of it aren’t necessarily global and are being borne 
asymmetrically? Is there a way of doing that? 
 
[1:18:06] Shukri Ahmed: If we look at it from the 
governance there is a positive trend now due to the 
interdependence of the world. Ebola is one issue that 
has shown you cannot simply contain it in a local area. 
And whatever happens within the food chain may 
impact the whole world. It is a security issue now. The 
movement of these things is creating the fertile ground 
for engagement of the international community in a big 
way. We can see it now simply in FAO. There is the 
governance structure, partly binding, things are being 
put to the world, these are frameworks, standards, on 
food, on others, where countries have to follow. And 
when it is politically difficult, there are ways now that 
are coming that are not binding, but there are already 
the frameworks and standards. One of the things are 
investments. Now these are the issues that are coming 
in Africa. Africa is the last frontier, yes. The problems 
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are big, but the biggest opportunities now are also 
there. That understanding now is creating a fertile 
ground to say: “Fine, there is a sovereignty issue. 
Countries cannot be told exactly what to do. However, 
there are certain things from our lessons learned and 
these are some of the things that we need to follow.” 
And even on investment now, all countries have signed 
what type of investment. And these are partly the 
inclusiveness of these investments, of not simply being 
for exporting food from Africa to other countries. 
 
So I think there is a positive trend that is coming with 
the realization exactly of the interdependence of 
things. I will take this opportunity as well to say that 
this are exactly the kind of things that really need to be 
nurtured, because we need academia to be really 
involved. There are now partnerships. We are the 
people who are going to the ground, but there is a lack 
of these generalizations and also really synthesizing 
from our work and giving back from the actual things. 
I hope these things would be done more often so that 
you bring together those practitioners but also 
academia and how they see it. This would be the way 
forward. 
 
[1:20:47] John Wargo: On the question about, 
“What’s worth worrying about”—the extent of beef 
production, pork production, poultry production and its 
concentrated form in industrialized nations, that 
approach is likely to be exported really rapidly. The 
density of the living environment is the perfect 
medium—it’s like a daycare center for one- and two-
year-olds—for disease transmission. Pharmaceutical 
use is enormous in the world on animals, and 80% of 
the pharmaceuticals in the United States are used on 
animals, not prescribed to humans, and some 70% of 
those are used prophylactically on animals. They’re 
not used therapeutically to treat a specific illness. So 
that these low-level background exposures are 
producing a pattern of resistance that is working its 
way back into our food supply—contaminated water as 
well—in a way that it is reducing the effectiveness of 
the same pharmaceuticals that are prescribed for 
humans. The overlap between the drugs used on 
animals and those used on humans is not identical but 
it is very close. So the rise of penicillin resistance, 
tetracycline resistance, cephalosporin resistance—the 
drugs that have been really at the core of our medical 
defense system—it’s declining rapidly. This low-level, 
background contamination of water I think is an 
enormously important issue, and is associated not just 
with concentrated food production, but also 
mismanagement of human and animal waste that are 
contaminating large tracts in the world. 
 
[1:22:55] Pedro Sanchez: Let me throw this one out, 
it’s about the private sector. I just really began working 
together with the private sector about five years ago, 
trying to induce it to get it to Africa, to help with the 

African Green Revolution that’s happening. And they 
have been the trigger. The best approach is [xx] to 
have the private sector enabled, private sector done, 
and government [xx]. Why are Pfizer and Monsanto 
and others spending billions of dollars a year in genetic 
research? Because our universities are not doing that. 
The public treasury has not enabled our great 
universities that are perfectly capable of doing what 
the private sector companies are doing. There are all 
sorts of possibilities of successes some of these things 
you can turn out.  
 
But it’s also true what John said about self-regulating, 
that sometimes their standards versus [government 
standards] will be a lot higher than elsewhere. And 
seeing ahead with climate change and all that, while 
the politicians are debating whether climate change is 
real or not [xx]. And these big guys, these big 
companies are very serious about it. They do have 
serious sustainability officers and so on. It’s not a 
defense but the point is if you don’t have this private 
sector, and all the way—I’m not talking only about 
Monsanto, Pfizer, or Syngenta, but those that are 
national in scope, but even the farmer who is the 
ultimate private sector entrepreneur. I would say okay 
we have these problems, but what is the option? The 
centralized political systems don’t work. And that’s 
been shown time and time again. Central planning 
doesn’t work. So what is the best thing we can do? 
Rein in the private sector? Slightly? I don’t know. I’m 
confused about it. I understand what you’re talking 
about, but at the same time, what are the options? 
 
[1:25:52] John Wargo: I don’t really have the answer. 
I’ve worked on regulation for international food safety 
questions, on malaria questions, especially the [xx] on 
malaria I’ve worked in Washington on federal law, 
state law, local law, and I have to tell you I’m pretty 
pessimistic about the potential of government to 
manage adequate production in a way that is 
environmentally responsible, energy responsible, 
health responsible, animal welfare responsible, trade 
responsible, etc. The NGO community of 
environmentalists and health advocates, they have used 
environmental law as their primary tool for many 
years, and they’ve often simply thought of the private 
sector as being the enemy. 
 
But it’s a new world. I think it’s a very new world 
now. There are values of sustainability that are being 
internalized by some corporations—not all 
corporations. But the larger ones are finding that their 
long-term profitability is likely to be tied to adopting 
these values, bringing in the expertise, and figuring out 
how to adjust their processes, their ingredients, and 
their product lines, etc. Part of it is related to internet 
technology and the transparency that that allows.  
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It allows the shareholders to understand what’s going 
on in a way that they didn’t 10 years ago. So, this is a 
lousy answer, but to a really good question. I hope we 
can come back to it later on. 
 
Laura Khan: Well, I think that wraps up the session 
and I want to thank everybody for their time and 
questions.   
 
 
Panel 3: What are the risks to the 
environment? 
 
Pedro Sanchez, Columbia University, Conference 
Co-Director/Co-Host; Senior Research Scholar, 
Director, Agriculture and Food Security Center, 
The Earth Institute, Columbia University 
 
Soil degradation and food security 
 
[0:06] Let me say first that agriculture is an inherently 
risky business. Weather and prices are most of the 
causes of riskiness. Risk can be certainly decreased by 
irrigation. But we have to realize that 90% of the U.S. 
cropland and 90% of the European cropland is rain-
fed. The percentage of irrigation here in the most 
developed countries is only 10%. The masters of 
irrigation are the Asians- in China with about 50%, 
India with about 45%. And Africa is sort of like the 
U.S.—well it’s not 10%, it’s 4%. But most of our land 
here is rain-fed. 
 
Having said that, I want to say something about soils in 
general. I’m being very very general. There’s a major 
[geographic and geological] division in soils. The 
division is close to Washington, D.C., which is as far 
as the last glaciation period came in this part of the 
States. North of Washington, D.C.: we have fertile 
soils, only 10,000-years old, which is very young for 
soils, including those in New Jersey here, in New 
York, Iowa, and you go back to Nebraska and all that. 
Very fertile soils. Good soils. 
 
South of Washington, D.C., you realize if you’re 
driving that the soils turn red. That means they’re high 
in iron oxides and they have many of the properties, 
very similar to most of the tropical soils—at least half 
of them—which are also red. They never had 
glaciation so they’re older. 
 
Having said that, you would say, “Well, the soils over 
here in the heartland of the U.S., or the heartland of 
Russia, or the Pampas of Argentina [fertile South 
American lowlands and plains], they’re all pretty much 
the same—the best soils in the world. You can’t 
compete, the tropics and southeastern United States 
and southeastern China—also have the same soils. You 
can’t compete with the Midwest.” Yes we thought so. 
Now Brazil is beating the Midwest in soybean yields 

with these red soils. So they’ve learned how to 
manage, and they can compete very well. 
 

 
 
[2:45] Now I just want to give you this: [points at 
screen] 1-3-6-10 tonnes per hectare. These are metric 
tonnes per hectare and these are yields of cereal crops. 
Average yields of corn, rice, wheat, sorghum, what 
have you. Cereals. And if you remember this it will 
help you. It doesn’t help you if you use the American 
system of bushels per acre. But if you use the metric 
system it helps. One tonne per hectare is equivalent to 
16 bushels to the acre of corn. Ok from there you go 
on. 
 
[3:24] Ok. These are all 2005 figures. One tonne is 
what we had in 2005—the average cereal yields of 
Sub-Saharan Africa. Three tonnes is the average cereal 
yields of India and Latin America. Six tonnes is the 
average cereal yield of China right now. And 10 tonnes 
is the average yield of North America, Europe, Japan, 
the highly industrialized world. 
 
So I want to talk about going from one to three and see 
some interesting things. As a matter of fact, going from 
one to three is already happening to the point that it’s 
now 1.5. There has been a 50% increase in cereal 
yields in Sub-Saharan Africa since 2005. Things are 
moving. Why is it moving? A bunch of reasons I don’t 
have time to tell you. It’s economic development, it’s 
research, it’s political will and so on. It’s happening. 
And it’s very nice because it starts slow, and when you 
start slow, the curve is always like this, no? You start 
slow and it goes up, and very rapidly. So, there’s a 
tremendous advantage of being at the bottom because 
you can move these things quickly. You can do one to 
three with very little technology. You just dump some 
fertilizer and get some better seeds and it does 
happen—it happens at the national scale. 
 
[4:56] Going from three to six requires technology. 
And as our Chinese friends know, going from six to 10 
also requires even more technology. And in the 
American Midwest, now they’re shooting to go from 
10 to 16 to 20 metric tonnes per hectares per crop of 
maize. And the tools are there. So I won’t talk much 
about the tools, but all I’m saying is that if you 
fragment the food system as we talked about. If you 
unpack the food system into specific areas, I think 
these are useful. To say, “Well how about the countries 
that are stuck at one tonne per hectare and going to 
three? How about the countries going from three to six, 
six to 10, and 10-plus? I think this, as a matter of 
analysis, is important. And I’m just talking about crop 
yields. Crop yields is a necessary but not sufficient 
condition. If you don’t have increasing crop yields you 
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don’t have anything. But, you need a lot more things 
all across the value chain.  
 
I am under by one minute, and I’m going to stop right 
here. 
 
Michael Puma (Conference Co-Organizer—
Columbia), Associate Research Scientist; Adjunct 
Assistant Professor, Center for Climate Systems 
Research; NASA Goddard Institute for Space 
Studies, Columbia University 
 
Food system, food security, water, food, climate 
 
Talk title: Water and the global food system 
 
[6:19] Ok, thanks very much. What I’m going to talk 
about today is water and the global food system. I talk 
about water because that’s my entry point into water 
security. And I try to draw an analogy between our 
water challenges and disease partly because we as 
PhDs are slightly envious of the real doctors, the 
medical doctors. So I thought this was a good 
opportunity to feel more like a real doctor. 
 
I’m going to try to keep this simple—I’m sort of a 
simple guy. I view the water problem in terms of 
chronic symptoms and acute symptoms. You could use 
analogous terms of long-term, short-term, but the key 
thing here that we need to be concerned about, and that 
we don’t have any good ways forward is the 
groundwater depletion story. (Question from audience 
member: What are the units on the maps?) The units? 
I’m sorry I don’t recall the units. This is from a study 
from Yoshihide Wada [hydrologist at Columbia 
University and IIASA]. I guess the numbers are sort 
of—I mean—red is bad. If you’re red, you don’t want 
to be there. We have a bad situation in the Indus River 
Valley. 
 

 
 
There is major groundwater depletion—Peninsular 
India, Northeastern China, Central Valley of 
California, and the Ogallala Aquifer [beneath the Great 

Plains in the U.S.]. This is a chronic problem. It’s a 
slowly accumulating problem. 
 
[8:08] It’s one where we need effective water 
governance strategies, and there are very few examples 
to follow. One example is in Kansas, in the Ogallala 
Aquifer. There have been efforts there to try to extend 
the life of the aquifer. And it’s very difficult, because 
then you’re dealing with land rights, with water 
rights—ideally you want to separate those two, and 
that’s one way to move forward—but it’s a very local 
problems that require that sort of local solution. So this 
is our chronic symptom that we see connecting water 
and food. 
 

 
 
[8:54] The other acute symptoms, and many people 
have brought this up, this issue of shocks. This is a 
paper—just came out—by my colleague Ben Cook 
[climate scientist at Columbia Lamont-Doherty Earth 
Observatory] identifying 1934 as the worst drought of 
the last thousand years. So very severe. So when we 
think about these extremes, acute symptoms, it might 
be—occasionally if it’s this severe it’s a single year, 
and that can cause disruption to the global food 
system. But many times our food systems will be 
resilient to that type of event, but multi-year droughts 
are a big concern. One other historical drought that we 
might consider is the great drought in Asia, 1876-78. 
You might ask the question, “If that type of event 
occurred today in today’s interconnected world, what 
would be the consequences?” So we need strategies to 
deal with both the chronic symptoms and the acute 
symptoms. Just a couple more slides. 
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[10:07] You might ask the question then, “What 
happens if some of the key countries in the global food 
network are affected by an acute event or shock?” This 
is the wheat trade between Europe and least-developed 
countries. Wheat is really a global commodity, it’s a 
staple food. 25% of global wheat production was 
exported. So we know that people rely on imports of 
wheat for their sustenance. So we see here that France 
is really a key exporter of wheat to countries in Africa, 
least-developed countries. We see sort of the colonial 
legacy in these trade relationships. You might say, 
“Well, what if France was impacted by a severe 
drought? What is their reaction going to be?” 
 
I asked earlier about self-sufficiency. If these countries 
are completely reliant on imports for their food 
security or for their staple food supply, you get into a 
situation that is not ideal. 
 
To the topic of this conference—global systemic 
risk—we ask the question, “Is our global food network 
a network that is vulnerable to shocks?” 
 

 
 
This is a paper—I think it was in Science or Nature—
by Scheffer (2012) looking at interconnected networks. 
What are the characteristics of these interconnected 
networks that might suggest the existence of a critical 
transition? A transition where things are fine, and then 
if you pass a threshold, the system changes state. 

Change in state here might be collapse of global food 
trade or some other major disruption. 
 
[12:15] Just to keep this short, one of the mechanisms 
that I see is the imposition of trade restrictions when 
global food prices spike. This is really key here. We 
recognize this—that countries act in their self interest: 
if prices spike, they want to protect their domestic 
markets. Is there a way in which we can convince 
countries not to act in that way? I’ll leave that as an 
open question. 
 
These are points that we can talk about. How do we 
deal with chronic water/food problems? Groundwater 
depletion. I teach water governance, it’s just a very 
difficult topic. To come up with effective water 
governance strategies, especially for groundwater, is 
very problematic. I find that to be a difficult area. 
Another chronic water issue might be the increases 
with global warming, of potential evapotranspiration, 
but maybe that lends itself to technical biotech 
improvements. 
 
How can we deal with the acute problems? Ideas that 
we’ve touched on a little bit today—role for food 
reserves and buffer stocks. Before the price spike in 
2008, this was not seen as a way forward, especially 
because of the waste associated with food storage. 
Now there are discussions about regional food 
reserves. Should those be regional? Should they be 
National? I think these are important questions to ask. 
 
[14:00] The issue of balancing trade with self-
sufficiency. For example, Ghana is a country that was 
self-sufficient in their staple food production. Now 
they have shifted away to more cash crops and now 
they rely on imports for the staple foods. Is that a good 
way forward for a country like that? Lastly—and we 
also talked about this—is redundancy in food 
production. I think that’s an important point. I really 
don’t see a role for biofuels. I think that’s really taking 
away from our food supply. That’s something that we 
might want to consider. I’ll leave it at that. Thanks. 
 
Barbara Ekwall, Senior Liaison Officer, Liaison 
Office for North America, Food and Agriculture 
Organization of the United Nations 
 
Food Waste 
Video Links: 
 https://www.youtube.com/watch?v=IoCVrkcaH6Q 
 https://www.youtube.com/watch?v=Md3ddmtja6s 
[14:53] Two movies: 
1. Food Wastage Footprint 
 1/3 of world food produced gets lost or wasted 

every year 
▪ Economic loss 
▪ Natural resources (growing, packaging, 

transporting, marketing) wasted 
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 28% of the world’s agricultural land grows crops 
that are wasted—that equals the total land area of 
China, Mongolia, and Kazakhstan 

 250 km3 water loss equivalent to annual flow rate 
of Volga River (could cover all world’s household 
water needs) 

 Forest and marine habitats are lost for wasted food, 
along with their biodiversity 

 Wasted food emits roughly 3.3 gigatons of 
greenhouse gases—if this were a country, it would 
represent the third-largest emitting country in the 
world. 

 This cannot continue. We can’t afford to do this—
to throw out our natural resources with the garbage 

 What can we do about wastage?. 
▪ Better harvest and storage technologies to avoid 

food loss 
▪ Retailers should sell or donate 

misshapen/unsellable produce. Feed animals 
with food unfit for human consumption. 

▪ Individuals should be more careful and 
discerning shoppers 

▪ Use better storage techniques. Recycle 
leftovers. Use smaller portions at home and at 
restaurants. Small efforts add up. 

▪ Food wastage pyramid is based on garbage 
 From pyramid peak to foundation: Reduce, 

Re-use, Recycle, Minimize Landfill 
 Policymakers encourage consumers to turn 

the pyramid upside down, so that you 
reduction is the largest piece of the pyramid. 

▪ Improve post-harvest technologies 
▪ Revise expiration dates so good food isn’t 

discarded 
▪ Consumer education and awareness-raising 

campaigns to stop wastage 
▪ Reduce landfill through compost & bio-gas 

 Solution starts with the consumer, commitment by 
all to stop waste 

2. Part 2 of Food Wastage Footprint 
 Each year 

▪ Each year 30% of global food production is lost 
after harvest or wasted 

▪ $750 billion loss at producer prices every year, 
$1 trillion at retail prices (twice GDP of 
Norway) 

▪ Another $700 billion: GHG costs, water costs, 
cleared forests, eroded land 

▪ Social costs of another $1 trillion from 
subsidies, conflicts, health costs of pesticides 

▪ Biodiversity, scarcity of agricultural inputs such 
as phosphorus 

▪ Pecuniary externalities because of less supply 
▪ Tries to put financial prices on all the costs 

(beautiful landscape, a child’s health) 
 Prioritize methods of reducing waste 

▪ Reducing food waste makes sense 
economically, environmentally, and socially 

▪ Reduce wastage by not creating it in the first 
place 

 
I think these two short films have illustrated some of 
the most important issues related to food waste and 
food loss. I would perhaps like to start with the global 
picture again. We are facing some challenges to feed 
9.3 billion people by 2050, which would require an 
increase in food production by 60%. We know that 
agricultural land cannot be extended more—there are 
only a few places where this can be done. We know 
that climate change is a big issue that is already 
affecting agricultural production already now. We 
know that the rising middle class and changing diets 
will require more protein to be produced, which in turn 
requires more land. 
 
Another challenge is urbanization. By 2050, about 
67% of the population will live in [urban] areas and the 
question there will be, “Who will be producing the 
food for tomorrow?” This is the future, but we are 
facing challenges today. 
 
Today we have 805 million people who go hungry. 
FAO State of Food Insecurity in the World, published 
at the end of September, provided these figures to us. 
But we need to break down the hunger problem to 
understand who is hungry, and when we do that we say 
that the majority of people who are hungry are actually 
those who are producing food—the smallholder 
farmers, family farmers, especially in developing 
countries. 
 
What is FAO doing in this respect? FAO has as a main 
objective to increase official nutritious status of human 
beings, to take care of natural resources, and to 
contribute to economic development. There you have 
all three pillars of sustainable development. It’s about 
people, it’s about the environment, it’s about economic 
development. And the three go hand in hand. You 
cannot have one and not the others. 
 
Looking at food waste, this is also the impact that food 
loss and waste has. We have heard that 1.3 billion 
tonnes of food are produced and never consumed. I 
have tried to put the zeroes behind the figures and it 
just becomes astronomical. I had to count them. So it’s 
1,300 plus 12 zeroes if you have kilograms. And if you 
have pounds, it’s 2,800 plus 12 zeroes. 
 
[24:35] The impact on food security—we know that 
the food thrown away could feed two billion people. 
The land, energy, the water are also thrown away. If 
food loss and waste were a country, let’s call it “Food 
Loss and Waste Land,” it would represent the third-
biggest emitter of greenhouse gas emissions. We have 
seen that in this film. It would be the biggest user of 
irrigation water, and the land area used for nothing, 
would make Food Loss and Waste Land, the second-
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biggest country in the world. This is the impact of food 
loss and waste has on food security, on the 
environment, and on the economy. It represents one 
trillion U.S. dollars in retail prices. 
 
Food loss and waste shows that the food systems are 
not working in an optimal manner.  
 
There are two ways to reduce hunger: 
 
 (1) To increase production. We need to increase it 

by 60%. That means technologies, irrigation, 
research, new agricultural models, new 
management practices and so on. 

 
 (2) But the other way, and we can call it 

governance. We can call it policies and so on. I 
would like to call it by what it is—it is about 
reducing inequalities. It means that we would need 
to give more priority to vulnerable groups. We 
need to empower women and we need to promote 
the role of family farmers. There are 570 million 
farms in the world. About 90% of them are family 
farmers. Most of them—in the developing 
countries at least—they also represent the 
population that is vulnerable and poor and food-
insecure. So we need to focus on them. This is 
about how the world is organized. 
 

Now coming back to food loss and food waste, this is 
about how we are organized—the whole food chain, 
from the production through distribution, storage, 
retailing, and to the consumer. That means that at each 
stage you can take actions. And it’s quite a complex 
chain. At the same time, it is very promising, because 
you can take action even as a consumer in your 
everyday behavior. We have seen that in the film, 
some of the options that have come up here. 
 
Food loss and waste should be part of the food security 
dialogue. Because of the reasons I mentioned earlier. 
Because of the impact that it has on hunger, on the 
environment, and on economic development. It is a 
low-hanging fruit, with different actors—it’s the 
farmers that are there, but it’s also the policymakers 
that are there, the consumers. 
 
[27: 55] If we would just reduce the food that we lose 
and waste by half, the increased production that we 
need by 2050 would not be 60%, but only 25%. And 
that is huge. We are talking here about—we had this 
very gloomy outlook about natural resources and what 
are we going to do to feed? If we just reduce [food loss 
and waste] by half, the amount that we need to produce 
more by 2050 would be reduced. In a world of limited 
resources, we need not only to look at increasing the 
production, but also to produce better—more 
efficiently, more sustainably—and consume in a more 
intelligent manner. And with this, I think I have 

exhausted my topic and I’m ready for the many other 
dimensions of this issue including the food and crop 
issue. So thank you very much. 
 
Dan Rubenstein (Moderator), Class of 1877 
Professor of Zoology; Professor of Ecology and 
Evolutionary Biology; Director, Program in African 
Studies, Department of Ecology and Evolutionary 
Biology, Princeton University 
 
Global commons management, animal behavior 
 
[29:10] I’m going to talk about managing the 
commons and I’m going to look at it from the 
perspective of the pastoral livelihoods and wildlife. 
Can they interact and can they be sustained? 
 
Over 650 million people inhabit Sub-Saharan Africa, 
and two-thirds live in rural areas and survive directly 
off the land. We’ve seen some of the statistics 
associated with that and the need to increase the 
productivity of this landscape. The problems are that 
the populations continue to grow at incredibly high 
rates—in Kenya and Tanzania, the birth rate hovers 
around 3%—and climate change will decrease rainfall 
in this area as models show, which is going to also 
increase its unpredictability. That’s going to impact 
ecosystem services, wildlife, and livelihoods, which 
are going to be put in jeopardy. 
 

 
 
I will talk a little bit about the loss of biodiversity 
because its one of the themes that Shahid Naeem 
[ecologist and biosustainability scientist, Director of 
Science, Columbia University Earth Institute for 
Environmental Sustainability] would have talked about 
had he been here. And I want to return to the problems 
that Steve Pacala raised in his comments earlier this 
morning. That there are really four problems: Food, 
water, biodiversity loss, and climate change. And they 
all interact, and it’s hard to see how we can solve all of 
them—not just one—without impacting the other 
through tradeoffs. 
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So what I want to talk about is: Are there ways to 
sustain and improve livestock herding without harming 
wildlife? The area that I work is in central Kenya, in 
the Laikipia Plateau in the Samburu district, but it also 
goes all the way up into Ethiopia. So I have three 
vignettes that I want to talk about. 
 

 
 
The first one is, “Can cattle and zebras help each 
other?” We’ve done some experiments at large scale—
three-and-one-half square kilometers to do experiments 
where we have put surrogate zebras—donkeys, which 
have the same digestive system, and the same body 
form—with cattle, and we raised them together and we 
raised them separately. Because most ranchers the 
worldwide do not like any form of wildlife—the 
ranchers out west don’t like wild horses and the 
ranchers in Kenya don’t like zebras. Because the belief 
is that the grass blades that go to zebras or horses 
should be going to my cow. Therefore, my 
productivity could go up if I can get rid of the wildlife. 
What we’re going to see is that would be a huge 
mistake—it’s a myopic view that’s misguided because 
it ignores the important nature of interactions. I was 
told to speak on animal behavior, and I will. 
 
So what we did is we raised them in different 
mixtures—100% cattle, 100% donkeys, and mixture—
60% cattle and 40% donkeys. And we did it at two 
stocking levels—one, the pastoral stocking level, 
which is much heavier than the commercial ranching 
stocking levels. So we did them at two tropical 
livestock units, which is one cow per hectare, which is 
what the commercial ranchers use, and six tropical 
livestock units per hectare, which is what the 
pastoralists do. So you’ll see low and high stocking 
levels. This set of graphs shows you something very 
important. From the perspective of the cattle, the 
growth rate, the average daily weight gain of a cow, 
raised with donkeys, exceeds that when they’re raised 
alone, at low stocking levels and high stocking levels. 
And the same goes from the perspective of the 
donkeys. Mixtures of cows and donkeys speed up and 
enhance the growth rate of the donkeys, both at high 
and low stocking levels. What that tells you is that 

mixtures on a landscape produces benefits for both 
species. They facilitate each other; it’s a form of a 
mutualism. 
 
[32:20] We’re going to see that mutualisms are very 
important for sustaining systems, especially 
agricultural systems. We know the mechanism. Here is 
our donkey, it’s eating all the stems—all the parts the 
cows don’t like and the cows can’t digest because 
they’re ruminants, whereas the equids, like the 
donkeys and the zebras, are hind-gut fermenters. They 
also take away all the points that poke them in the face, 
so the cows feed more efficiently, that’s why they 
grow better. The cows on the other hand, suck up all 
the parasites—because they’re the wrong species so 
they don’t harm the cows—and that leads to the health 
of the donkeys and zebras to be increased, and that’s 
why the donkeys grow better. So this mutualism is in 
two currencies helping each species. 
 

 
 
[33:07] Second vignette: “Does cattle grazing help 
other wildlife other than just the zebras?” To do this 
experiment, we put GPS tags on nice healthy Boran 
steers and bulls and cows on the Ol Pejeta 
Conservancy and we tracked their movements. It’s too 
light here, but the different colors show the radio 
tracking collars of the cows on the landscape. We can 
then make a heat map over the three-week period and 
superimpose it on an NDVI [Normalized Difference 
Vegetation Index capturing geographic measures plant 
density based on wavelengths of reflected light] 
satellite image of vegetation by quality. We can then 
monitor the change over time as rain comes onto the 
system. You can see that cattle use is proportional to 
the green-up. On the right, grass greens up better by 
more cattle grazing than on the left of that grass. 
What’s important is that change in green-up has an 
impact on the warthog, the zebra, and the Cape 
buffalo—on the big-bodied species and the hind-gut 
fermenters in particular. They draw the wildlife in. So 
cattle can transform the landscape in ways that bring 
and facilitate wildlife usage. It gets the feedback of the 
wildlife back on the cattle as we saw on the last slide. 
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Does the style of cattle herding matter in terms of the 
feedbacks on the livelihoods of the people? This now 
becomes an analysis of business as usual grazing 
versus planned grazing such as holistic management. 
What we mean by business as usual is that the herders 
fall asleep under a tree, the cattle wanders around and 
graze, they wake up and move them a little bit further 
along. Planned grazing—holistic management—is 
about bunching animals, so in theory they’re not 
choosy and they have to eat all the vegetation—good 
and bad—and you rotate. So you make them leave the 
areas before they demolish all the grass. So you need a 
lot of land to do this, which we’re going to come back 
to. As this bunching and rotation happens, does it lead 
to faster cattle growth rates? 
 
And on two soil types, the red soil that we heard about 
from Pedro, and the black cotton soil, which is the 
more recent volcanic soil, the bunched in both soil 
types grow better in terms of rate at which biomass is 
put onto the body of the cow in the bunched treatment 
as opposed to the unbunched treatment. 
 
But what these management strategies often forget is 
that it’s not necessarily the input change that matters, 
it’s the change in the cost savings. We found that the 
bunched animals just don’t walk very much, and not 
walking means they don’t spend energy. And that is a 
huge benefit because you need less land if you manage 
this way to get the same benefits in without causing 
expenditures. It gets to the theme of waste. By 
managing your animals, they’re spending their energy 
more wisely and therefore are more efficient in their 
offtake. 
 

 
 
Does this work on pastoral lands? Because this work 
was done on conservancies and commercial ranchers. 
The thing to see in both of these graphs here, is that the 
blue bars are where holistic management—planned 
grazing—has been taking place compared to its 
neighboring ranch [represented by the red bars] where 
there is no good governance and there’s no holistic 
management. 
 
This is the change in vegetation cover and you can see 
in Il N’gwesi, Kalama, and Naibung’a– in the areas 
where there is planned grazing, the grass responds 
much better in terms of cover and in terms of biomass 
as indicated by hits per pin. 
 

 
 
Similarly, we can see that there’s also the grass height 
is better where there’s planned grazing than where 
there’s not. And the basal distance between grass 
plants gets smaller. This is really important—this 
touches then on water, because if the grass roots are 
closer together, and you’re on a hill slope and the rain 
is coming down, the vegetation intercepts the dirt and 
that’s carbon storage—red plus. Also, it increases 
infiltration of the water into soil so plants can use it. So 
again, if you change the distance between the plants, 
you get a benefit in both carbon storage and water 
increase. You’re making the land more fertile. 
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The impact on the cattle is equally powerful. In the 
rainy season, no difference, but in the dry season, the 
loss of weight is diminished in the areas where there 
has been bunched grazing. When there are droughts 
and when there is hardship, the cows are buffered so 
they don’t lose as much weight. And that’s really 
important because what pastoralists do when it get’s 
bad is that they move their cows off the land. And they 
move them to awful places—they move them 50 to 
100 kilometers to Mt. Kenya, up where it’s cool and 
there’s vegetation, but where there’s also parasites, so 
the herds die at greater rates up on Mt. Kenya. If they 
can stay and cut their losses, they will be in better 
shape. 
 

 
 
Lastly, cows are not an economic crop—if you will—
for pastoralists. They play much more of a social 
value. They are what you use to buy wives and what 
you use in cultural events. It’s the small stock—the 
sheep and goats—which are the ATM. They’re the 
individuals that you sell when you need $30. That’s 
what the gain is for a goat or a sheep. So, what is the 
impact of all of this management of cows on the 
animals that are going to be the cash that brings the 
pastoralist into the cash economy? We did some 
experiments. We put GPS collars on the sheep and the 
goats and recorded their movements—this is work in 
progress. At 3:15pm today, I head to Kenya to check 
up on this work. We recorded their use in controlled 

areas and experimental areas—we measured the 
growth rate and the milk yield. The landscape we used 
is a set of group ranches that border Princeton’s 
governance of the Mpala Research Centre. 
 

 
 
This blue line here is an arroyo that separates Koija, 
which has bad governance and no plant grazing from Il 
Motiok, that has better governance and planned 
grazing. These are the planned grazing areas. The 
animals stay in here for 14 days. They come to drink at 
the river, and they go back to their bomas [livestock 
enclosures] where they sleep at night in corrals to 
protect them from lions. They would be 14 days here, 
14 days here, 14 days there, 14 days there. 
 
What’s special about Il Motiok is that it’s so poor that 
they only own 660 cows. This becomes important 
because it’s one communal herd and there’s no 
cheating, and so we don’t have those issues with the 
tragedy of the commons. We can see with these goats 
that some families spend most of their time outside the 
areas where there’s been planned management, and 
some spend most of their time inside. Note that in 
Koija, which doesn’t have planned grazing, one family 
spends all its time across the border in Il Motiok, and 
so they are taking advantage of the potential gains. Are 
there potential gains? Indeed there are. 
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The average leaf height in the controls, where there is 
no planned grazing, is much lower than in the 
experimentals, where the planned grazing, the holistic 
management—staying 14 days and not eating all your 
grass and moving on through rotation—occurs. We 
also see that when you look at the weight change of the 
sheep and the goats, that inside the experimental areas 
where there is planned grazing, the goats grow at a 
faster rate than they do outside. And after three weeks, 
we’re already starting to get an impact on milk yield. 
We’re getting—inside the milk yield from the goats is 
higher than outside. The rangeland, human lifestyles, 
and health are improving by adopting these 
management practices. 
 
In conclusion, 
 Wildlife are not necessarily vermin and can 

increase cattle production. There’s a mutualism. 
 Second: Cattle grazing can improve rangeland and 

sustain wildlife of many species, many lifestyles 
and many types. Good for biodiversity because 
each one of those wildlife will have different 
feedbacks on the land. If you have a diversity—a 
portfolio of diverse grazers and browsers—they 
will change and increase the diversity of vegetation 
on your landscape. 

 And lastly, new techniques of planned grazing can 
improve rangeland, buffer cattle during periods of 
drought, and can enhance production and milk 
yield of small stock [sheep and goats]. 

 
What I haven’t told you though—and this is really 
something for food for thought—is there are 
externalities in the system. This works because if you 
did the arithmetic, 14 days, 14 days, 14 days, 14 days. 
That’s not 365 days. Where did those animals go after 
that time? They go on Mpala. Thy come because the 
ranch allows them to be there. It’s a mutualism, it 
allows a safety valve in the system so that the pastoral 
lands don’t get over-grazed. 
 
The take-home point that I want to make is that it’s a 
local problem, ranch by ranch, but the solution requires 
moving to a higher level. It becomes a set of regional 
interactions that are going to allow that livestock 
pattern to work. That livestock pattern is going to 
affect food, water, biodiversity, and it can ameliorate 
against climate change. Thank you. 
 
Panel 3 Discussion 
 
[42:15] Miguel Centeno: I’m going to be a good 
sociologist and repeat my self over, over, and over. 
[laughter] All four of your issues involve governance 
problems. This kind of solution—this kind of imposed 
mutualism can arrive, can emerge naturally, but we 
have found that oftentimes it doesn’t. The control of 
water—you’ve got a commons problem of no small 
proportion and again you need some external actor. 

Food waste. You have to have some external actor that 
is able to increase the cost of food in such a way that 
food waste is reduced. I keep going back to the same 
thing. We have all these problems that have 
repercussions across these four problem areas. How do 
we create some mechanism by which some kind of 
solutions can arise? Is there such a thing, or do we just 
wait for a solution to emerge and hope that it happens 
before half of humanity disappears? 
 
[43:10] Dan Rubenstein: In my system, it’s very very 
local, and what is changing people’s behavior is their 
engagement with the process. A lot of this data comes 
from hiring local pastoralists to follow the animals and 
record what they do. So they are part of the process. 
They sometimes have handheld GPS units themselves. 
They get paid for this, but then they become 
champions of the wildlife and of the mutualism. They 
then start to put pressure on their elected leaders 
because they do have elected group ranch chairs and 
they do have elected grazing chairs. Part of this is new 
knowledge, through participation in these bottom-up 
processes that can percolate through the system. But 
it’s very regional, and sometimes the bilateral 
relationship stabilizes it—there’s a relationship 
between one group ranch and one commercial ranch or 
conservancy—it becomes very stable. 
 
We’re now doing experiments for the ranches that 
don’t have bilateral partners but are practicing holistic 
management. They have to adopt the old-fashioned, 
go-where-you-can-and-follow the rains and use your 
warriors to get some of the land for yourself. We’re 
going to see how that works when the governance isn’t 
so mutualistic. We’re going to test that hypothesis—
and what would we need to do to foster it and move it 
across the gradient? 
 
[44:30] Pedro Sanchez: In my case I’m going to talk 
about a higher level—the continental level of Sub-
Saharan Africa—and just repeat the fact that in the last 
seven years, cereal crop yields in Africa have increased 
by 50%, from 1 to 1.5 tonnes per hectare—it doesn’t 
look big in the American or European sense—but it’s 
an increase in 50% more cereals in the last seven years. 
Why? The main answer, Miguel, is political will. 
Those increases have taken place in the countries 
where the leaders had strong political will to increase 
food. And yes there’s a technology behind it, yes you 
need to use fertilizers and improved seeds. But in the 
countries where you don’t have a committed political 
will at the very top, it’s not happening. Now on the 
average, it’s already 50% and it’s increasing. We have 
a long way to go but at least the curve is beginning to 
go up. I look at the yield curves of China, India, and 
the Philippines in late 60s, when the Green Revolution 
was starting, it was about the same—just beginning to 
take off. So political will is the main trick. 
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[45:54] Michael Puma: So for water, I guess I’ll start 
with the obvious: it’ll depend upon on your baseline 
governance system in place in any given country. Of 
course if you’re in a country with transparent and 
legitimate governance system in place, then I think 
your prospects are better off. Starting at a local to 
regional level, I think there is certainly the potential to 
improve the situation and you can think of the local 
users in a given region if they recognize the 
connections through the water cycle that they’ll act to 
have a better situation. 
 
Coming back to the situation in Ogallala and Kansas, 
you have local water users, individual farmers 
pumping water from the aquifer. There have been 
efforts to form water user associations to group the 
farmers together to try to come up with ways of 
conserving water. At even lesser levels, there have 
been efforts to form sub-units of the aquifer. And so I 
think there’s potential there. At the global level, I see 
our options are very limited. 
 
Ken Conca, [international relations and environmental 
politics professor] at American University, has written 
quite extensively on international water governance. I 
guess there are two competing trends going on. One is 
a norm that countries are expected to act in a more 
environmentally sustainable way, so that’s a norm that 
is gradually being established. But at the same time, 
there is this reinforcement of state sovereignty, and 
because of the reinforcement of state sovereignty, there 
is really limited potential to have water governance at 
the global level. I don’t see how we could have the 
capacity to enforce behavior. In the international 
community, you might expect that countries would try 
to improve their behavior because of the norm of good 
governance related to water, but I’m not optimistic 
about that pathway. Just to reiterate, I think there are 
opportunities at local and regional levels, depending 
upon background governance circumstance. But at the 
global level, I think it is very problematic. 
 
[48:50] Barbara Ekwall: From the food loss and 
waste perspective, you asked how to create this 
political will for more governance. And the one critical 
element here is information. So how to create this 
political will? We need to invest in that, in 
communications. The political will can also be a result 
of consumer demand. If enough consumers—enough 
citizens—demand something automatically, you will 
have the market responding. You will have politicians 
responding.  
 
I remember when the first Max Havelaar bananas came 
to the Swiss market where I was living at the time, I 
mean it was exotic and people were laughing about it 
and it really became the labels—ecological labels and 
ethical labels—they became quite strong. And the 
same with organic farming, where we’ve seen a very 

big increase of their market both in Europe and also in 
the U.S. When it comes to developing countries, at the 
political level, I mean the ministers of agriculture—
they have been told and incentivized to produce crops 
for trade—I mean cash crops especially—and increase 
production and increase the area of land. And very 
little attention has been paid to family farming and to 
the family farmers. And I think this is changing now.  
 
One way of creating this political environment where 
there is more accountability, more transparency, and 
more participation by those who are hungry—is to give 
voice to the hungry. There is new information on 
family farming that has been released last week in the 
context of FAO’s flagship publication, State of Food 
and Agriculture in the world that is looking at 
innovations in family farming. And I think this type of 
information will guide policy-making. So what 
universities are doing, what the private sector is doing, 
the research community in terms of communication 
and informing the public, will be very important for 
creating this political will and better governance. 
 
[51:30] Michael Hauser: Thanks. Mine follows up on 
the food waste issue. The way you speak about food 
waste—on both pre- and post-harvest losses 
basically—suggests to me that this is a totally new 
thing. But it’s not. Pedro, this morning you asked me 
about [xx], one of my former professors. When he 
retired, he gave me FAO publications from the 80s 
about pre- and post-harvest losses. Last week, I 
attended the CFS [FAO Committee on World Food 
Security] conference on World Food Security—and 
food waste was one of the big discussion points. Now 
I’m surprised to hear that to some of the delegates, this 
issue was something totally new. It was something like 
we would have just discovered it. Basically stressing 
the point we have not emphasized enough pre- and 
post-harvest losses. Honestly what a surprise.  
 
My argument is that societal learning and also 
intergovernmental learning takes a long time. This 
itself is a risky behavior, because in some areas we 
don’t have that time. Intergovernmental process and 
learning—there’s a lot of repetition and variation. It’s 
learning by repetition and variation, and I wonder how 
to speed up that process for critical areas that we need 
to tackle at the global level. I believe that 
intergovernmental processes do have a role, that 
intergovernmental global structures need to impact 
what’s happening at the local level: it must come from 
both sides. But the time it takes to come to decisions 
and the political will is in itself a risky behavior. 
 
[53:54] Alan Robock: I had a question about food 
waste, too. Isn’t that really a problem of affluence? In 
poor countries, I’m sure there’s much less food waste, 
people use things more, they recycle, they don’t throw 
things away. You [Pedro Sanchez] are shaking your 
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head so I’m looking forward to the answer. I was just 
thinking, you know, I can’t imagine throwing an 
aluminum can away now, I would try to find a 
recycling bin for it, or glass or things. And I bring my 
own bags to the grocery store, because I’ve been 
trained to think about thinking about recycling in that 
sense. How much education has been tried in affluent 
areas in terms of food waste? 
 
[54:17] Pedro Sanchez: I was saying no with my head 
because the actual percentage of food waste in poor 
and rich countries is coincidentally the same. The 
numbers that I know said 40%, but now it’s more like 
30%—ok that’s fine—but it happens in different 
places. In the rich countries, it happens between the 
refrigerator and your garbage can. In the poor 
countries, most of this happens pre-harvest, with 
harvesting too late or too early, to get infected—
especially the cereals by aflatoxin [toxic food mold]. 
Then post-harvest, not being able to dry your grain 
properly, and then you get some things like a horrible 
insect, that is fairly new to Africa, and it’s called the 
larger grain borer, but it’s normally known as Osama, 
as in Osama bin Laden, because of its ability to get 
into a sack of maize and pulverize in just a couple of 
weeks or so. So it’s different. In the poor countries in 
Africa, it’s in the field, it’s pre-harvest and post-
harvest in the farmland. In the rich countries it’s 
between the refrigerator and our trashcan. 
 
[55:48] Shenggen Fan: Same sort of answer to this 
question probably and type of response. I think for rich 
countries, part of the problem is food is too cheap. 
Because of subsidies, because of the excellent, 
excellent environmental health, externalities have not 
been incorporated into pricing. Can we remove the 
subsidies? Can we internalize all these costs? Here I 
think we have some experts on the psychology of 
behavior science? They respond to prices. Nowadays 
for rich countries, 10% of their budget is on food. If we 
increased the price of the food, increased the budget 
share to 20%, do you think they would respond, to 
reduce their food waste? And probably even obesity 
and overweight? Again, this may be a very simplistic 
approach. 
 
[56:57] Rob Socolow: I wanted to ask Pedro to unpack 
this connection between going from 1 to 1.5 tonnes per 
hectare on the one hand—I want to unpack the 
connection between the yield improvements in the 
poorest countries—and political will. What does the 
political will actually do that makes that possible? 
Connect the dots. 
 
[57:11] Pedro Sanchez: The political will is essential 
for certain things. One to allow the technological 
advances—the research advances—that we 
collectively have already learned: that you can triple 
basic food crop yields in Africa by judicious selections 

of best variety or hybrid [crops], the use of 
fertilizers—sorry about the organic part, that doesn’t 
work—and good management. And that is known. 
Now sometimes we say, “Ah, isn’t that nice, and ask 
you for something else.” Other countries will say, “I 
really need to get my people fed!” I had an experience 
with the president of Malawi just like that in 2005 who 
said, “I didn’t get elected to be a beggar, begging for 
food!” By that time, his country was 45% dependent 
on food aid.  
 
So he asked for suggestions, a bunch of us gave him 
the suggestions, and the yields have doubled or tripled 
nationally in the last eight years. Ups and downs, with 
two different presidential elections that caused a lot of 
problems with droughts and so on. So this is the 
connection. Enable the technological advances to go 
through. 
 
In Malawi, they did it by subsidies. Shenggen, you 
may disagree a bit here on subsidies—I think I agree 
with you that subsidies that we have in the U.S. are for 
rich farmers, I totally agree with you on that—but I 
think subsidies are needed to pull people up by the 
bootstraps who have nothing else to get them started. 
And subsidies have been a great weapon. And they 
say, “Well they distort the market for fertilizers,” for 
example, and I say, “What market?” because there was 
hardly any. 
 
So to me, it’s the government with serious political 
will and facing the consequences of making decisions, 
like wanting to increase agriculture at the expense of 
investing in education and health and stuff like that 
that we all like to see. It’s that political will, that 
political courage, that is happening in about a dozen 
countries right now in Africa, including the biggest 
ones, that is making the difference. The technology has 
been there, available. Agronomists know how to do 
this—actually farmers know how to do it—but it’s just 
making that available, and then facilitating movement 
across the value chain, and to make sure that the 
markets are there and processors and so on. 
 
[59:58] Shukri Ahmed: Just to add one more point 
actually. In addition to the specific national countries 
that are [xx], collectively, especially in Africa now, 
there is a target for each country to allocate budget. In 
the past it was only from 4-5% on average that used to 
be allocated to agriculture. So, the Maputo Declaration 
[2003 African Union Maputo Declaration on 
Agriculture and Food Security] was a minimum of 
10%. And that is each government has to verifiably put 
10%, a minimum. So, some countries now have 
surpassed it, some have not yet. It became actually a 
line for each country to be tested on. These are also 
some of the governance structures that are coming in 
globally, but also at the continental level. 
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[1:00:53] Michael Puma: I just wanted to make a 
quick comment. We’re talking about global food 
systems from systemic risk perspective. Just a 
comment on subsidies in wealthier countries. I know 
that the subsidies to western agriculture are often seen 
as problematic, but if we view as a goal for the global 
system to maintain redundancy of food availability and 
production, then it makes sense to maintain the high 
levels of agricultural productivity in wealthier 
countries so that we have a large supply of food. 
Certainly there are better ways to subsidize the 
agricultural sector, but it’s not entirely clear to me that 
it’s a bad thing that the wealthier nations are producing 
large amounts of food. I think that’s just something 
that’s important to be clear about. 
 
[1:02:06] Barbara Ekwall: I just want to very briefly 
respond to that question that we knew about the issue 
of food loss and food waste in the 80s. But I think 
today it is a little bit different. In the 80s, it was very 
much about the post-harvest—how to store, how to 
transport. Today, we have packaging systems, we have 
refrigeration chains, we have a lot of new technologies 
that allow us to bring food to the market quicker and 
much more efficiently. But at the same time, the food 
chains have become larger too. There are more people 
living in the cities, and the consumers want to have the 
same products the whole year. So you don’t recognize 
any seasonality of the products that you are buying. 
You want to have strawberries around the year, not 
only in summertime. So this has changed. What is new 
also is the recognition of the multi-stakeholder 
approach, that needs to come in with both the private 
sector, the consumer, and public policies playing in. 
Especially, this is the big difference, that today the 
consumer can make a much bigger difference on food 
loss and waste. Consumer behavior can make a much 
bigger difference than in the 80s. For example, by sort 
of buying seasonal foods, seasonal crops, and so on. 
And by not throwing food in the wastebasket. 
 
[1:03:35] Dan Rubenstein: I just want to make one 
comment on connecting the dots through subsidies. 
Subsidies are necessary. If you look at the example 
with the cattle, when the commercial ranch acts as a 
shock absorber and takes the cows on so that it doesn’t 
overgraze the land that’s fragile on group ranches, 
that’s a form of a subsidy. And I caution about targets. 
Because if governments are trying to just commit 
resources to grow food at a maximum rate, there are 
tradeoffs in these various factors here. If you just 
develop wantonly, you may lose some of the feedbacks 
that protect your water. Then you going to need 
subsidies for the water. So, a knowledge-based 
understanding of what types of subsidies can be 
effective needs to be analyzed first, before money is 
just thrown at a project. 
 

[1:04:21] Shukri Ahmed: I agree, although mine was 
not a subsidy actually. It’s a government which was 
putting its money in buying arms. It was the army, and 
now they are shifting to investment in agriculture. But 
investment is not necessary to increase production, it 
could be actually investing in these kinds of things. It 
is actually the budget of the agricultural sector has 
increased very much in the last several years and that 
is one of the reasons. 
 
[1:04:51] Xin Zhang: On the surface, it’s very simple 
math. In order to feed more hungry, we need to reduce 
food waste and maybe increase production. But 
actually in the whole food system, the food we produce 
more of or the food waste we’ve saved might not 
necessarily go to the people who are in hunger. That 
would go back to governance issues. What do you 
think in terms of the whole food system structure is 
needed to target—or helping create additional 
production and direct them to solving the actual hunger 
problem? 
 
[1:05:50] Dan Rubenstein: I think it depends on 
whether it’s in the fields or post the fields that is going 
to affect how your investment is going to be. I’m going 
to take two or three questions and you can pick and 
choose which ones you want to answer. 
 
[1:06:10] Luc Christiaensen: I think it’s important to 
distinguish a couple of issues here. One is: what is the 
goal? Is the goal to increase overall agricultural output 
or is the goal to reduce poverty? Which is not the 
same. One thing is increasing agricultural output, and 
then I think we come back for example to an industrial 
agricultural system, which can be extremely efficient, 
you can get all the output you want. But what it means 
for welfare, for poverty, for hunger may be a different 
thing. It may work from a price [perspective], it may 
bring the price down.[xx] incomes. Then they may buy 
in the market and the markets function. But often that’s 
not the case. And try to reduce hunger, partly because 
so many people—talking from an African 
perspective—70% of the people are working in 
agriculture in one way or another. So, try to raise that 
productivity directly, so that [these workers have] 
direct income direct access to food. If we take that 
perspective, increase agricultural output is one thing, 
reducing poverty is another. 
 
[1:07:08] Let’s take two countries. Zambia and 
Rwanda for the past five or six years. Both countries 
managed to increase output—cereals I’m talking about 
here—they doubled their cereal output. So coming to 
the yields, they actually doubled almost all the yields. 
Rwanda definitely doubled the output. Zambia also 
[doubled output], to a large extent through increased 
yields, some of it was land expansion, but definitely 
also substantial yield increases. Same we have had in 
Rwanda. 
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Now, how did they do it? It was very different. Zambia 
basically followed the model of subsidization—
fertilizer subsidies—and they also had procurement 
price bands, bands basically with prices slightly above 
market prices, so they basically stimulate farmers to 
produce that way. Now who benefits from that? If the 
price is higher—typically always the agriculture 
policy—if the prices higher, those who produce more 
benefit more. If I have more acres, I produce more, so I 
get a higher share with a higher price band. So I get 
more of the benefits. The same with subsidies on 
fertilizer. If I have more land, and I use more fertilizer, 
I get a larger share of the subsidies than the poor 
farmer.  
 
So what you have in Zambia, surprisingly over the 
period of five or six years, you didn’t see poverty come 
down a lot despite the fact we doubled, that we 
increased agricultural output quite a bit and also 
increased yields, so that’s currently the increase. 
Zambia, as that part of model, fertilizer subsidization 
plus higher than market prices, didn’t benefit many of 
the poor because they just didn’t get much of that, they 
had much less land. 
 
[1:08:51] Rwanda has had a very different system in 
many ways. Rwanda basically has extremely small 
farms, very highly densely populated country, no one 
would have expected that Rwanda could ever—
imagine Rwanda with such high density population—
with half a hectare per families, how the hell can you 
increase productivity there, yet they did. Exactly the 
political will argument we just made.  
 
They also did different things. They basically grouped 
farms, they gave them a lot of extension support, 
technical support. They also helped them with the 
marketing of their crops. So basically they gathered 
farmers focusing on one crop in local areas, and they 
also provided fertilizer subsidy for the first year. They 
also had some land management techniques. It was a 
whole package where the government specifically 
targeted to the rural areas. Poverty came down by 12% 
between 2006 and 2011. So there we had a big impact 
on poverty reduction, but it was a very different way of 
doing it. Fertilizers were an element of it the first year, 
but they were phased out quite rapidly, and they were 
supported with many other things at the same time.  
 
And it is important to see for example, what Rwanda 
did, the previous five years, from 1999-2005 or 2006. 
Basically they also grew at 8% a year, GDP expanded 
rapidly. It was all happening in Kigali [municipal 
region/state surrounding the capital]. There was very 
little attention of the Rawandese government at the 
time to the agriculture in the rural sector. They shifted 
gear dramatically in the mid-2000s with big effects on 
poverty reduction. The idea of the political will is very 

important, but also how you do it can have very 
different impacts on the effect on poverty and hunger. 
 
[1:10:39] Xenia Morin: I’d like to bring in another 
topic related to water—certainly with climate change 
we are anticipating sea level rise which means we are 
going to have sea level intrusion. And in other places 
where we are out tapping our water resources—
whether they are in aquifers—we are looking to using 
some kind of saltwater or treated saltwater. Certainly, I 
think Pedro you can talk to what happens to crops 
when saltwater is applied and how detrimental that can 
be. So Michael, part of my question is, if we’re going 
to run out of freshwater, where does seawater fit into 
this, in the bigger model of things, and doesn’t that 
pose a risk to how our water resources are being used? 
 
[1:11:31] Dan Osgood: Each of the topics that people 
have been talking about here are complicated and 
related. One of the big struggles that I have is about the 
advocacy and communication. It seems like we’re 
limited to two voices: Everything is awesome or 
everything is awful. 
 
I think the food waste one is a good example. We talk 
about food waste as a problem—there is a lot of very 
sophisticated questions in food waste. But we’re not 
just trying to get some big intergalactic minimum of 
dollars of food waste, right? There is this pressure to 
come up with this intergalactic policy to address the 
food waste problem if we’re going to advocate it 
strong enough that anyone notices. But for example 
food waste might increase if we shift to healthier foods 
because they’re more perishable. The chocolate and 
the crackers in my kitchen don’t get thrown away it’s 
the vegetables. And so food waste is a lot about these 
healthy foods, the different parts of the world—it 
seems like there’s this huge policy pressure to simplify 
the message to a very basic advocacy level, and then in 
doing that simplification, we take out all the key 
decision issues that we have to focus on. What are 
some of the ways—in terms of the examples we have 
been working on—what are some of the ways we 
address those things? 
 
[1:13:09] Pedro Sanchez: I’ll try to answer some of 
these. First, going back to Dan Osgood there. Hey, this 
is a very complex system. Agriculture and food 
worldwide is a very complex system. I think to push 
reduction of waste versus improvement in land tenure 
or many other interventions is not helpful. What we 
need is to add whatever we want to our arsenal of 
interventions that can happen right now. Food waste 
alone isn’t going to solve it, but boy, it sure could help. 
So I would say none of these things are the silver 
bullet, we just need to have an arsenal of these things. 
 
[1:13:52] I want to go back to Luc Christiansen’s 
point: How do you double yields without decreasing 



Panel 3 

50 

poverty? Well I’ll tell you the answer to that because I 
learned it in Malawi. Malawi doubled yields—more 
than doubled actually, 2.5-times—but most of that 
increasing yield was eaten at the farm household 
because as many people have rightfully said, the 
poorest people are the ones who are producing it. They 
are the farm households. So most of that extra maize 
was eaten at the farm households. So, the levels of 
poverty didn’t change. Now they’re getting a full belly, 
but the levels of poverty didn’t change. Then the trick 
is—and Cheryl [Palm] and I were in Malawi last 
August, and the government asked us, “What can be 
done to improve the subsidy system?” which is heavily 
attacked by the World Bank and so on. 
 
And we can continue supporting growing more and 
more maize, but we have to get into a money-making 
crop. In this case, what our group recommended was 
legumes because there is a huge demand for soybeans, 
and to push soybean production in a country that really 
has a demand. So, yes, you can increase food security 
without making a dent on poverty unfortunately. It’s 
not a direct thing. I’ll just stop here. 
 
[1:15:28] Michael Puma: Just to address the question 
on water. So, from a broad perspective, we’re not 
running out of water or irrigation. But the important 
point is, “Are we are seeing depletion of water 
regionally in regions that are reliant upon on 
groundwater—non-renewable water resources.” And I 
think the answer is we’ll see it’s going to become 
uneconomical to—I mean in these aquifers, as the 
water declines, it’s going to costs more and more to 
pump that water out. At a certain level it will become 
too expensive to continue using that groundwater 
resource. I think the key point is that while irrigated 
agriculture is a smaller percentage—I think maybe 
10% of total land—these are the more productive 
regions, so that’s sort of the stress, that chronic stress. 
 
As for issues related to sea level rise and saltwater 
intrusion, I think that would be sort of a very local—
well from the groundwater perspective, as sea levels 
rise then you have problems with saltwater intrusion 
into groundwater aquifers, and I think that’s a very 
local problem. Island nations will face that issue, 
coastal regions that rely on aquifers will face that 
issue. So that’s going to be certainly a challenge 
moving forward. I don’t know if you’re referring to 
desalination as strategy for agriculture, but my 
perspective is that that’s probably cost-prohibitive—
it’s too energy intensive to have that work on a large 
scale. 
 
[1:17:30] Barbara Ekwall: I just want to respond to 
that question “If food loss and waste is something for 
rich countries?” And it is not because we have seen 
that even in poor countries, in rural areas, very often 
the product of the agricultural production—the 

harvest—is not stored properly, there are difficulties 
with the transportation, and so on. It gets humid. I 
mean you have to imagine that maize, sometimes bags 
of crops are just stored in their own homes. They are 
transported on bicycles or donkeys. They get wet. 
They get destroyed. So, if we focus on that at the farm 
level, there are a lot of things to do with very little 
investment and technologies that are available. The 
other things is access to market. I mean if you look at 
food loss and waste, if we make this access to the 
market easier for farmers in developing countries, they 
will be able to reduce food loss and waste 
dramatically. 
 
Another thing is that food loss and waste, if we instead 
bring and keep this food on the market, the prices will 
go down, right, which would benefit the cities or even 
the people in the rural areas, which will have an impact 
on prices if we are able to reduce the food waste and 
the food loss. 
 
The question, “If food waste and loss is due to better 
diets and that we are consuming more perishable 
food.” They are all the types of crops that are affected 
by food loss and waste, not only the fresh products. 
Thirty percent of the cereals, globally, are wasted; 40-
50% of root crops, fruits and vegetables; 20% of 
oilseeds never make it to the consumer, and 35% of 
dairy and fish. And in the U.S., if I give one figure, 
only 1 in 10 lemons that actually reach the market here 
are consumed by the consumer. 
 
[1:19:38] Calum Turvey: I’m Calum Turvey from 
Cornell. I’m an agricultural economist. One of the 
things that seems to be missing from a lot of this 
discussion today is the embedded institutions in the 
agricultural sector. Let me give you an example of 
what I’m thinking about. 
 
I just got back from China and one of the big things in 
China of course is urbanization. If you look at the 
growth in China, say 10% annual growth rate in 
GDP—I’m rounding these numbers—generates about 
maybe 3.25% or so of urban labor growth, and 1.5% of 
rural labor growth. When we look at that difference in 
the margin, that’s about a 2% spread between urban 
and rural employment. When you look at the natural 
population growth rate, that might take about half of 
that up, leaving about a 1.5% growth rate in the urban 
sector in which to absorb rural migration.  
 
And this becomes a very important problem because in 
China of course—if you look at China and India 
together, about 1 in 7 people in world are from a 
farming community in either one of those two 
countries. It’s a huge amount of population involved in 
agriculture in these two countries, and on a very small 
and limited scale. And in order to get the economies of 
scale that people are talking about here, we have to be 
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looking at all this in the very very long term. Right? 
China is not going to have its urbanization strategy of 
2025, when the urban areas can only absorb 1% of the 
rural population per year into employment on that. 
This is going to occur at a very long period of time. 
 
A lot of the adjustments that you want to see, I think 
you have to be very patient in trying to achieve them in 
the immediacy of that. I think that’s probably going to 
be the same in India, and I think it’s probably going to 
be the same in Africa where the biggest constraint is 
not necessarily political will, it’s not necessarily 
technologies, but the rate at which economies of scale 
can be achieved in the rural areas, given the out-
movement of households into the urban areas to 
expand the farm size and things like that. 
 
Somebody mentioned the United States in the early 
teens, 1920s. This caused great development in U.S. 
policy farm credit. The United States and Canada only 
got parity after programs started in the United States. It 
was 1995 or 1996—John [Ikerd] might agree with me 
on this—where we actually got urban/rural parity of 
incomes. It took a hundred years of policy for that to 
actually occur on that. So I think these things that 
people are talking about, I think you ought to be 
thinking about this at a really slow but steady rate of 
that. Perhaps meeting 2050 goals, but certainly not in 
the immediate range. Not a question there, but perhaps 
you’d like to comment on that sort of side of the 
argument. 
 
[1:22:51] Dan Rubenstein: I do think it’s going to 
take time. I don’t think any of these panaceas are going 
to be overnight. [xx] work initially on the pastoralists 
who moved into cities to get jobs, which they never 
got. Their diets collapsed with the loss of milk, and so 
child development was stunted, the educational levels 
went down, so they were much less well off than they 
were on the land, even before these new planned 
grazing schemes. 
 
But what people on the land notice is change. They 
perceive very quickly whether their stock is going up 
or going down. And that reinforcement does change 
their behavior. So when ideas stick, they really stick. 
They spread very quickly through the community 
because they see their neighbors being successful and 
they see themselves not being successful. The key is 
spreading it from node to node sort of on a network. 
That’s really where governments and structures and 
information, support from NGOs, help make it go as 
fast as it can, but it’s an inherently slow process. 
 
One more question before our break? 
 
[1:23:54] Unknown questioner: I’d actually like to 
bring the question full circle back to Miguel’s original 
one about governance. And the question I have is for 

Michael on water recourses. The original plots, if I 
remember the paper correctly, are water depletion in 
cubic kilometers, and the region of the world that is in 
red—there is only one—is colonial Punjab, which is 
now Pakistan and India. And India’s problem only 
came as downstream effect of water mismanagement 
in Pakistan. I know you said that the international 
management of water is actually a very hairy subject, 
right? It’s going to be very difficult for us to do. But as 
two very important geostrategic partners of the United 
States, we have a vested interest in maintaining pacific 
relations between Pakistan and India. I think the most 
likely case for a water resource war is probably 
between those two countries because they’re so 
interconnected. These are really the agricultural 
production zones of those two countries that are going 
to be affected. I’m wondering what the options are? 
Perhaps it’s not truly international, maybe it’s just 
multilateral, but I think we need to have something 
done in terms of governance there. 
 
[1:25:09] Michael Puma: The Indus River basin is 
certainly one of the most interesting, where we have 
issues of upstream-downstream relations between India 
and Pakistan. The U.S. has been involved in decisions 
on whether dams should be constructed along the 
various branches of the Indus River basin. Through the 
State Department’s involvement and through the 
World Bank, they’ve supported funding of these large 
infrastructures which have implications for the water 
relations between the countries.  
 
My understanding is it has been quite a tense—and 
continues to be a tense—situation between the 
countries, these issues of dam construction. There’s the 
classic issue of upstream—if the more powerful 
country is upstream then they don’t want to be 
involved in basin-level negotiations. Whereas when 
you have the downstream country more powerful, they 
then want some basin-level cooperation. 
 
So, it’s hard to say. I think maybe bilateral 
negotiations—but I would view those maybe as more 
regional-level efforts. The point I try to emphasize was 
that there’s no global international body that can 
promote good behavior in water use and allocation. 
That’s sort of the key point. Now upstream-
downstream water issues, there is precedent in 
international legal cases for these sorts of bilateral 
arrangements. Multilateral agreements are less 
common. I think bilateral arrangements, there’s 
certainly room for improvement in those areas. 
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[1:27:47] Pedro Sanchez: I wanted to answer Xenia’s 
question on salinity, nutrition, and all that. There are 
some [xx] programs for increasing tolerance to salinity 
of rice, and other things, so the science keeps their 
struggle—no real success. Bangladesh has—what?—
150 million people by now. Neighboring West Bengal, 
which is the same thing, I don’t know how many 
million people they have in the Indian state. But, this is 
the scary thing about the sea water rise, which is 
happening, and we know you can’t hide your head in 
the sand. The only thing that I can think about is you 
better get the Dutch there to build some polders [low-
lying lands protected by dikes] because they know how 
to handle this thing and they have handled that thing 
brilliantly for centuries. Especially that part of the 
world is probably the most vulnerable. 
 
Dan Rubenstein: I would like to thank all of the 
speakers and all of the people who asked questions.   
 
 
Panel 4: What are financial aspects of 
systemic risk in agriculture? 
 
Luc Christiaensen, Senior Economist, Development 
Research Group, World Bank (Africa Region) 
 
Poverty, food security, rural-urban migration, 
sustainable development 
 
Thank you very much, It’s a pleasure to be here, and 
it’s a change coming from the World Bank where 
every other person is an economist, it’s actually very 
attractive to be in a different audience, and not only to 
talk about the economic way of looking at the world, 
but then maybe that is also something that I can add to 
the debate sort of bring a bit more of the economic 
perspective. In many ways, it has been surprising that 
the word “prices” hasn’t really been mentioned so 
many times. I think this would be the first thing people 
mention in the World Bank. 
 
Now I want to take a little step back since this is the 
last session [of day one of the conference] if you wish. 
When I started out with the topic, resilience or risks in 
global agriculture system, that’s sort of one particular 
area of the whole debate. Taking one step back, one 
could think about agriculture, which sort of has three 
problems—as a sector it addresses three different 
challenges: 
 

 
 
- One challenge for the sector is to provide sufficient 
food and labor—to provide sufficient and cheap food, 
which could then release labor to do other things. In 
agricultural economics one could think about that as 
the “food problem.” 
 
- At the same time it’s a sector with people working in 
it, so it should provide a decent living for its farmers, 
so let’s call that the “farm problem.” 
 
- And finally, and a lot of people in this room 
particularly would be probably more focused on that, it 
should do so in a responsible way, in a sustainable 
way. So it should preserve the fields and their 
environments, since it is very much a user of the 
natural resource base. So let’s call that the “field 
problem.” 
 

 
 
Now I would argue that basically the relative 
importance one attaches to these three objectives 
changes as development takes place. 
 
And basically in developing countries, I work in the 
Africa region—just getting food on the table is still a 
relatively major concern—if not the only concern. So 
the food, just getting food is sort of the key challenge. 
Whether that’s done in an equitable way or not, that’s 
sort of a second challenge. And then if some of the 
environment gets screwed, if you want to use some bad 
words, then so be it. That could be one way, in early 
stages of development, if you want to prioritize, I think 
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that would capture that. So in a way the emphasis also 
lies on efficiency. If you think about economic 
efficiency, that’s sort of associated with that. 
 
Now as countries develop, what we call here 
transforming societies, think China, then basically this 
food problem, they have gone through that first phase, 
they’re no longer at the one of the 1-3-6-10, they’re at 
the 3, actually China’s already at the 6. So the income 
inequality, which was just referred to, becomes a 
bigger issue. And I’ll explain a bit of that. Because 
basically, as societies develop this non agriculture 
sector starts to grow. Look at GDP growth. Agriculture 
never gives you high GDP growth, but the other 
sectors—8, 9, 10, 12, 15%, that’s where the action 
seems to lie. And as a result, you sort of get an 
inequality arising, because 70% of the people are still 
in the agriculture sector. [xx] They’re living there. And 
some smaller group, they’re exiting, they’re leaving, 
and basically they start to get a lot of the benefits. You 
see an income gap arising and then in a lot of good or 
bad things happen. 
 
[3:45] Basically so the income inequality becomes sort 
of a political sustainability issue, and I’ll talk a little bit 
to that in the Chinese context. And then as countries 
develop even further, maybe we can talk about China 
now, where you see that look in the 80s it was about 
getting food on the table. In the 2000s, it was about 
reducing that income inequality, but now the 
environmental issues are coming much bigger to the 
fore. You may have noticed the colors, the yellow for 
the cereals [food], the red for the socialism [farm]—the 
inequality—and the green for the fields. So the field is 
becoming more important. 
 
Now, if I may hazard to add a fourth set of groups to 
that. What is it in sort of the urbanized societies if you 
wish? What do we care about? Food? There’s plenty of 
it. It’s abundant. It’s about quality. It’s about 
standards. You talk about post-harvest loss. We want 
to go to the shop at 6:30. We want to be sure we have 
everything there sitting for us to buy. So that creates 
waste because it needs to be there. Some of it will be 
perishable. And people at the supermarkets may have 
to throw it away. We want our apple to look the same 
across all the apples which we buy. We don’t want a 
deformed apple, we want a nice apple. If it’s deformed, 
we throw it away. A little change to it, we don’t like it. 
So basically it’s about quality, it’s about standards, it’s 
also about the experience. 
 
Being in Belgium today, every day there is a cooking 
program. Food is an experience, you go to the 
restaurant. It’s sort of almost like agriculture becomes 
like an experience. So that may be stretching it a bit, 
sort of different values being added. 
 

[5:30] Now the food problem. I just want to walk 
through two items, the food problem and then the farm 
problem, and then link it back to this idea of risk, what 
are sort of the core risks in the global food system. I 
think currently our global food system, or agricultural 
system, is based on sort of market-mediated food 
security. 
 
The idea is simple, based on core economic principles, 
that the world production—market-mediated food 
security—is that food production should happen in the 
countries which have a comparative advantage in 
doing it. That’s where it can happen most efficiently. 
Then you trade. Actually in trading you can also 
reduce some of the risks. If there is an open trading 
system, if harvests fail in your country, they may 
actually be abundant in another country. And so if you 
use the whole world to diversify, you’re not 
diversifying within your country, you use the whole 
world to diversify. That is the principle. If that works, 
then you can also help diversify your risk. 
 
And the global prices—the global prices—they 
basically are supposed to signal scarcity and thus 
introduce investment. If prices go up, you start to 
invest. If prices go down, that’s a sign there should be 
enough. This is sort of the broad principle we look at, 
and then we do some regulations and rules at the 
market. 
 
Now I would just—and this has come up already a 
couple of times—sort of two systemic risks in this 
broad system that I would like to highlight. One is a 
coordination failure, and the other one is that this 
system may not be very good at actually signaling the 
need for investment. This has been referred to, so I’ll 
be relatively short, but this is the evolution of the 
world rice price in the late 2007-08. 
 

 
 
And basically what you have here is from the 70s 
onwards food prices were on a downward trend. Early 
2000s they started to go up a little bit. It was sort of a 
slight upward trend, but it was barely moving. So 
basically at that point, 2007, wheat production, world 
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global wheat supply, got hit. There was also a big hit in 
wheat production in India. And India got a bit scared 
because they were afraid that they had to import more 
wheat at a much higher world price. Already wheat 
prices had gone up. There was a crossover to rice, 
some substitution between the two, so they basically 
just said, “Look, let’s put an export ban on rice. Let’s 
keep the rice in our country and this way we can help 
keep the rice prices down so we don’t have to deal 
with a population, which is not very happy with high 
rice prices. So we can kind of keep the political 
pressure down.” So they introduce an export ban. 
 
Now India at the time was a major rice exporter. Very 
rapidly, Vietnam followed suit. Vietnam is another 
major rice exporter—there are only very few, five 
major rice exporters in the world—they also 
introduced a ban. There are also only a couple major 
rice importers: the Philippines and Indonesia being two 
of them. The Philippines gets very nervous. The 
Philippines basically wants—the prices are rising, 
there’s not enough rice in the market they think, and 
they’re going to buy rice at any price. They don’t want 
to have political pressure. So basically the price shoots 
up. The put a second tender and the prices peak.  
 
[9:15] This all happened while in effect there was 
sufficient rice in the market. There was no rice 
production shock at the time. So we are kind of 
arguing here that the reaction was an information 
failure, a coordination failure. The fact that countries 
are signaling, “Look I’m an exporter, but I’m not going 
to give it to you because I need it for my own 
population.” That then, for the imports, puts pressure 
on them, “I need to be re-elected next year, I better put 
rice on people’s table, otherwise I’m not going to be 
re-elected, so I’m going to do anything to get the rice,” 
as the Philippines did. This interaction between the two 
basically made prices shoot up. 
 
Now a lot of that could have been prevented. There 
was basically an information failure here, but it’s also 
a coordination failure. This is the idea that a 
coordination failure in that market system led to this 
high price volatility. 
 

 
 
The second point is the world’s food prices. Basically 
the whole idea that investment happens in response to 
food prices, for years basically if you look at what 
happened in the 70s, there was a world food crisis, 
there were high world food prices and basically 
governments started to invest a lot. 
 
We talked about post-harvest loss, actually you go 
through literature, late 70s, what do they talk about? 
Post-harvest loss. Why didn’t they talk about it in the 
90s? Post-harvest loss wasn’t lower [in the 90s] than it 
was in the 70s. [People talked about post-harvest loss 
in the 70s] because the prices were high, people were 
scrambling, having the same debates that we are 
having now. So basically you saw there was a lot of 
investment, prices came down, and then for a long 
time, everyone in this room who works in agriculture 
knows that in the late 90s, 2000, nobody wanted to 
invest in agriculture—not the donors, not the public 
sector. So nobody really wanted to invest.  
 
So, the prices were not a sufficient signal for basic 
investment in agriculture. As a result, yields growth 
went down. And since it takes time for the system to 
produce results, as soon as demand continued to rise, 
you got diversification in diets—which was just talked 
about—and as a result you get this collapse, this 
coincidence, a shock to the system, some coordination 
failures, which is exacerbated in the response, and food 
prices peaked again. That induces certain response. 
 
The whole idea—the point I really want to convey 
here—we have a market-mediated system, a food 
security system sort of as the core basic principle, but 
there are a number of market failures in it. We have a 
system with food price spikes every 30 years, if you go 
through the last 100 years, that’s about what you 
observe. It’s sort of built into the system. Is this 
something we’re willing to live with? So the idea that, 
look, risk and efficiency have to be traded off. How 
much is the price we want to pay in order to get less 
food price spikes but that may come at the cost of 
some efficiency. 
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Calum Turvey, W.I. Myers Professor of 
Agricultural Finance, Director of Graduate Studies, 
Charles H. Dyson School of Applied Economics and 
Management, Cornell University 
 
Rural credit and weather insurance 
 
 
[12:30] Today we’re going to switch it up a little bit 
and talk about issues of rural credit. I want to preface 
this with this graph over here where the top portion is 
looking at the cumulative rainfall—this is in Marsabit 
region in Kenya. This graph down here is looking at 
frequency of long rains and short rains. In Sub-Saharan 
Africa, everything is dependent on these two factors, 
long rains and short rains. 
 

 
 
When we talk about credit markets in developing 
agriculture, even in developed agriculture, the failure 
of credit markets to emerge, we call that a “systemic 
failure,” not so much a “systemic risk.” 
 
For us [Calum Turvey and Dan Osgood], in our little 
world, we call this “systemic risk,” where we have 
these large covariant risks. 
 
This we see all over the place—India, Sub-Saharan 
Africa, South America, China, and even early 20th 
century America and early 19th century Europe—
where there is failures in the credit system, largely 
because of the risks that farmers face. Whether or not 
these are coming from drought situations, which 
affects quantity, or whether or not they are coming 
from market situations which affect price, commercial 
lenders were not eager to lend to farmers. The United 
States and Canada, the Germans, other Europeans, all 
came up with financial structures—the Farm Credit 
System (FCS), or the Farm Credit [System Insurance] 
Corporation (FCSIC)—in which to deal with 
agricultural lending. 
 
Developing countries have avoided these, even up to 
this moment in time. What is this story telling us, in 
terms of the risks that these pastoralists might face in 

the desert regions in Marsabit? When we look at say 
this period here, 1997, that’s good because most of the 
regions got both the long rains and the short rains. 
When we are in Kenya last year talking to farmers 
about risk contingent credit, here’s where the story 
comes. When both rains come, everything is fine. 
When the short rains fail, things are ok, but we can get 
by. When the long rains fails, that’s really rough on us. 
When both the long and short rains fails, we hit famine 
conditions. These three events on that determines the 
livelihood of what’s going on with the pastoral farmers 
and of course many of the other farmers in Kenya. 
 
Here we can see a pattern of this: in 1991, we had a 
few sites which had short rainfalls, no sites with long 
rainfalls. In 1992, we had about 25% of the sites that 
had long rains, but no sites with short rains. And on 
and on it goes—these systemic risks that come over 
time and time again, in a repeated fashion, but in a 
random way to do this. These kinds of risks make 
lending to agriculture almost impossible by any 
commercial lender. 
 
One of the things that we saw, even in the development 
of the Washington Consensus, was the idea of 
libertarian views toward restrictions on banking and so 
on, the idea was that, “We don’t have to worry about 
agriculture, because so much money is going be 
generated, that there are going to be spillover events.” 
This did not happen. Essentially what happened was so 
much money was consumed in the urban sector, that 
lenders would ask, “Why on Earth would we go and 
lend to a small, expensive, high-risk producer when we 
can lend to a lawyer in town who is very safe?” 
 
This you see everywhere—Central America, India, 
Africa, China—where there is a systemic failure in the 
market, even with the free-market system at its best. 
And the reason for that of course is that there was no 
infrastructure in place. There was no credit system in 
rural Africa, no equity bank is trying to make its way 
in there. The Agricultural Bank of China had a very 
big placement all over, but then when they loosened 
the restrictions on that, what happened is all of a 
sudden, all of those offices closed. The rural credit 
cooperatives in China, which emerged in the 1920s and 
the 1930s, through cooperation, they’re now coming to 
rural credit banks. And what are they doing? They’re 
moving outside of agriculture. In fact in China, an 
agricultural loan is not a loan to farmers, it is a loan to 
an agricultural region. 
 
[17:18] They’re not making loans to farmers, but it 
looks really good. They’re making lots and lots of 
loans to agricultural regions, so agricultural loans are 
on the rise, but loans to farmers who are producing 
food are not on the rise. And the reason is something 
like this: the nature of systemic risks. Why would they 
deal with that? Because when these events happen—
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such as the 1999 drought, and again there was a 
drought in 2011—it takes about 3-4 years even for 
those pastoralists to get out of that situation, to evolve 
out of that situation. 
 
[17:50] Here’s what happened in Kenya, when these 
things fail, even on the milk side, milk-producers, on 
the pastoralist side, we’re going to get these huge 
seasonal shocks related on whether or not the rains 
come and go. There are many risk-coping strategies 
that are limited. One of these is the index-based 
livestock insurance, which can absorb some of the 
asset risks on that, but in an imperfect way to do that. 
 
[18:25] And the problem is the balancing of the 
business risks and the financial risks. That’s the 
business risk of the lender as well as the borrower. The 
key requirement is, is there a guarantee? Is there some 
form of collateral? And there are many banks, which 
will not look upon livestock, which could die in a 
drought, as being good collateral when in fact the main 
risk that these guys are going to face is the loss of 
those animals in a drought situation. So animals are not 
going to be a good collateral on that. 
 
Nor are farmers themselves, when they look at that 
livestock as being their livelihood, willing to give up 
that animal as a piece of collateral on that, and the 
productive assets. We have non-price credit rationing 
on the quantity side for the lenders, and also risk 
rationing by the borrowers themselves saying, “I’m not 
willing to give up my livelihood.” And so they are 
sustained and not taking advantage of any leverage in 
that system. 
 
We have been talking about this idea of risk-contingent 
credit. The idea of linking insurance into a credit 
instrument in order to balance that. 
 

 
 
If you look at this graph over here, here’s some 
event—this an NDVI [Normalized Difference 
Vegetation Index] payment scheme, where as the 
NDVI falls, that is browning of the land in a drought 
situation, that’s assumed to be highly correlated or 

have covariant risks with some bad stuff, and so then 
that goes and pays off the loan. And over there you can 
see the red line is what the loan would normally be, but 
the insurance part compensates the loan in that 
situation. 
 

 
 
Here is multiple milk structures on seasonality—don’t 
worry about that. 
 

 
 
But here is what one might look like for short rains. 
Where you have a loan amount, and if all goes well, 
short rains and long rains come: 100% of the loans. If 
the short rains fail, maybe 75% of the loan is repaid. If 
the long rains fail, then maybe 60%. If both fail, maybe 
only 25% of the loan is repaid. These are embedded 
into the loan contract. Farmers will pay a higher 
interest rate for that, but when these events happen, the 
farmer is protected and the lender is paid at the same 
time, trying to manage both the collateral risk and the 
balance of payments, itself. And my time is up, and I 
will stop there with my seven slides as instructed. 
 
Dan Osgood, Lead Scientist, Financial Instruments 
Sector Team; Associate Research Scientist in 
Economic Modeling and Climate, International 
Research Institute for Climate and Society, 
Columbia University 
 
Climate and insurance 
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[20:45] I’ll be talking about many of the same things, 
using a different way of talking about it. For many 
farmers, climate change means more bad years. That 
means, based on simple math, adaptation to climate 
change means you have to be producing more in the 
remaining years you’ve got left. The challenge is that a 
lot of strategies, a lot of the things like taking out a 
loan for fertilizer, that can double or triple or sextuple 
yields—you really have these opportunities. But the 
opportunities for say, four years out of five to have 
your farm be many times more profitable, much higher 
yields. If you have that one drought year—say out of 
five—that’s threatening, if that year happens, you 
could lose everything. You can’t repay your loan, or 
the bank faces massive defaults, you may lose the 
farm, you may lose your animals. Because of that 
threat, you can’t take the chance that you need to to be 
the farmer that you should be and the farmer you need 
to be in order to adapt. 
 
So the key to adaptation for many of these farmers is to 
reduce the risk of the threat from that bad year so you 
can take chances to unlock the productivity options. 
 
I’ve been working a lot on index insurance, which Cal 
[Turvey] pointed to me at when he was talking about 
this, as one of the possible tools where there’s been 
hope. It’s pretty new, and it’s a strategy to help offer 
farmers in developing countries access to insurance, or 
banks in developing countries. The idea is that instead 
of using a traditional insurance product, where you 
have to go and check and see if the crops die before 
you get the payout, you give a payout based on 
something that could kill the crops—let’s say there’s 
no rainfall at a key time of the year. 
 
If you have one farmer on a thousand acres, you can go 
check and see if the crops died. You can also check 
and see if the farmer is working to let the crops die in 
order to get the payouts. But if you have 1,000 or 
2,000 farmers on those pieces of land, you just can’t 
make that work. So the idea is trying to find 
strategies—things you can measure—that allow 
payouts that target that one year out of five, so farmers 
can take strategies or banks can take strategies to 
increase productivity. And that pays for the insurance, 
and then everything works out wonderfully. 
Everything is awesome. 
 
The problem is, of course, that this is a huge challenge. 
It’s very easy to get this wrong. This is not something 
you buy and suddenly you’re safe. This is something 
where you’re buying and it sometimes helps you but 
not always. And we’re communicating between NASA 
and some of the smallest farms in the world, places 
where some people don’t necessarily even know how 
to write numbers. If we get it wrong, [and] people 
think they’re safe, [then] take a chance, and then 

there’s a big problem. There’s been a lot of 
floundering insurance projects around the world too. 
 

 
 
So what we work on a lot, and I think what some of the 
key things are, is figuring out ways to help the farmers 
understand what the products are, and be able to help 
design their own products, integrate them into their 
decision systems, whether it’s the crops that they 
choose, the loans they take out, the borrowing they do 
from their family, because you know, I can’t tell them 
that. I don’t even know, I don’t even have the data. 
Work in a systematic way with satellite data, as the 
satellites try and measure the droughts and we don’t 
know if they work. 
 

 
 
To try and connect with, what years were droughts and 
why, do the satellites agree with what the farmers say? 
If not, what do we do? Who’s right? Who’s wrong? 
 
And then there’s a range of research topics related to 
these, ranging from the physical sciences, remote 
sensing, rainfall, agricultural systems, to the behavioral 
sciences of, what choices do farmers make, are they 
making good choices, how would we know if they’re 
making good choices, are we the naïve ones? So 
there’s a lot of these economics and social sciences 
issues that we’re looking at. 
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And there are some projects that do have impacts and 
do do well. Probably most of the projects don’t really 
do much, some of the projects go from a couple 
hundred to tens or hundreds of thousands of people in 
a couple years, with some of them showing real impact 
in terms of wealth that farmers have afterward, women 
changing from sharecroppers to working their own 
land. 
 
How do you connect some of these intergalactic 
partners to the smallholder farmers to try to get more 
projects to show anything or to be lasting, or to 
identify something that’s worthwhile. 
 
Cheryl Palm, Senior Research Scientist; Associate 
Director, Center for Globalization and Sustainable 
Development; Director, Millennium Villages 
Project, Agriculture and Food Security Center, 
Lamont Doherty Earth Observatory, The Earth 
Institute, Columbia University 
 
Rural livelihoods, land use, degradation and 
rehabilitation, ecosystem processes, agricultural 
intensification 
 
[26:46] So I’m a biologist following three economists, 
so let’s see what happens here. So I’m going to talk 
about the environment and risks associated with 
agriculture. Many of us are aware—this is just showing 
nitrogen inputs, nitrogen outputs, and then what has 
remained in the environment for problems—most of us 
hear about too much nitrogen, too much phosphorous, 
too much pesticides. We’re all familiar with that side 
of environmental degradation with agriculture. Not as 
many people are aware that when you don’t put things 
on, you also degrade the environment. And it needs a 
lot more attention. 
 

 
 
This is a case again in Africa, I’m showing western 
Kenya, where farmers are mining the soil of its natural 
capital. They’ve reached a point where yields are very 
very low and there’s often not much they can do to get 
out of that. 
 

 
 
This is showing ecosystem functions against 
agricultural intensification. Agriculture starts using 
natural capital—the nutrients in soil and the nutrients 
in the vegetation—and people use it, they eat, they can 
get better income, and at some point, they reach a level 
where they can’t get any more out of it so they start 
investing, then you start increasing again your 
productivity, some of your ecosystem services. 
 
The contention is that this is where much of Sub-
Saharan Africa is here right now. You see this solid 
line down here, this is a case where there is no land 
tenure. People will not invest—there is no incentive to 
invest, and in many cases, that’s where people get 
stuck. The real challenge is, how to make this thing 
(the solid line representing the amount of ecosystem 
stocks and functions) move up. And there’s not a lot of 
evidence yet that this can work, even at small scales, 
let alone large scale. 
 
I bring this up because everyone keeps pointing to 
Africa: that’s the place where we can really increase 
food production, there’s a huge yield gap, there’s a real 
opportunity to produce a lot more food on land that’s 
already been cleared so you don’t have to deforest. Is 
that the case? 
 
I’m going to talk about soils. At that point, there are all 
sorts of other things that are degraded at the bottom of 
that– biodiversity, carbon stocks, all sorts of things. 
But there’s loss of topsoil fertility due to erosion, 
there’s loss of nutrients, and soil organic matter that 
provides all sorts of other ecosystem services, and then 
there’s physical problems—compaction, crusting, and 
things like that. 
 
The physical problems are much more difficult than 
the chemical ones, but I’m going to talk about the 
chemical ones just so you get an idea. 
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Here are just some examples of soil degradation. 
That’s a slope in Rwanda—or Uganda—just after the 
crops were planted and there was a huge rainfall event, 
wiping out many of the seeds. Nutrient depletion, 
surface sealing, and then compaction—they couldn’t 
even take a soil sample, it was so hard. 
 
So everybody says, “Ok! So let’s just rehabilitate those 
degraded lands, get ecosystem services back, and get 
higher yields.” The point is it comes at a cost, and 
people just often don’t consider those costs. So to 
rehabilitate degraded agricultural land requires 
increased labor, without any question, and usually 
increased capital inputs—whether it’s fertilizer, all 
sorts of other inputs, nutrients in many forms, organic 
or mineral, and carbon—carbon drives many of these 
systems. It drives the energy, it drives the microbes, it 
drives nutrient recycling, and many ecosystem 
services, and I’ll also say biodiversity—unfortunately, 
Shahid is not here. But that’s what you need. All of 
these are costs to the poor farmers with few resources. 
 

 
 
This was an intensive effort of extension by many 
scientists, including Pedro, including me, many people. 
In some communities, every farmer was talked to. Ten 
years later, 5 years later, a study was done, “Ok, so 
who really adopted these efforts to rehabilitate these 
degraded lands?” You’ll see 20%. That’s not bad. But 
this was intensive, intensive efforts. It went up and 

then it went down. Why did it go down? Because 
people were doing these not for food production, it was 
for income, because they were able to sell seeds from 
the trees. Once that market for seeds from those trees 
went away, they didn’t do those things that would help 
their fertility, help food production. 
 
Those who did adopt it did it on less than 10% of their 
land. Again, it’s a small scale. Other reasons were 
labor requirements, or the land requirements to 
produce a fallow vegetation or things like that. They 
have to forfeit seasons many times, to produce 
biomass, to produce the nutrients, and then land tenure 
issues. 
 

 
 
Just another example for Zambia: looking at different 
types of farmers from very poor to well off—actually 
still being quite poor—in their ability to use fertilizers, 
manures, and different kinds of improved fallows 
[plowed land that remains unseeded for one or more 
growing seasons] and things like that. There are lots of 
constraints to these. Adoption is in fact low and where 
there is adoption, it’s on very small pieces of land. 
 
So, just to summarize, in these areas where we think 
there are huge yield gaps, there are lots of 
technologies. They’re out there. And there are things 
we can do. But there’s also more and more information 
now that even when you use some of these 
technologies, there is not a very large increase in 
yields. They’re called “non-responsive soils.” We’re 
not sure why they’re there. You can put fertilizer on 
them, you can even put manures on them in many 
cases, and you’re not getting response that we think 
you should have and we’re trying to figure that out. 
 
The other one is access to these technologies. How do 
people get that information in an area where there is 
broken extension services? There can be one extension 
officer for 100,000 people in some of these places. 
How can communication technologies help? These are 
the facts if you’re going to really increase food 
production. These are the risks that they won’t get the 
information. The other one is the whole thing about 
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finances and just credit. It’s just not in rural areas, and 
people do need inputs, they need credit. 
 
And then there is this risk of not having the adoption of 
these technologies. There is great potential but let’s be 
aware of the risks, starting with the financial risks. But 
in addition to that there are biophysical limitations, 
there are demographic issues and all sorts of other 
constraints to this potential adoption. Thank you. 
 
Rob Socolow (Moderator), Professor of Mechanical 
and Aerospace Engineering. Co-Director, The 
Carbon Mitigation Initiative; Director, Climate and 
Energy Challenge, Princeton Environmental 
Institute, Princeton University 
 
Conditionality, climate, energy, public policy 
 
[34:27] I don’t have slides. I’ve decided to listen to a 
wonderful set of talks and figure out how I might 
contribute. I’m an immigrant here from the energy and 
climate world. I’ve been struck, more than once 
before—when I have ventured into the world of 
agriculture, food, forestry and so forth—that so many 
analogies work. But in addition that there are some 
very important impacts on the biosphere from the 
climate problem that can’t be wished away. So my 
remarks are in two parts. The first I will talk about the 
direct impacts that relate to the climate problems and 
then I will talk about analogies. 
 
Several times today, people said, “Well biofuels are 
just too much demand on the land, we can’t afford 
them.” And this is what they did with their hand 
(waved his hand is though brushing something 
aside)—it was visible hand. The invisible hand was not 
mentioned, but it’s going to be hard to keep solutions 
to climate change from impacting the biosphere, and to 
believe that you don’t have that to worry about would 
be a big mistake. 
 
How do I quantify this? $100 a tonne of CO2 is the 
kind of price for emissions that would begin to have a 
chance to affect the investment patterns away from 
fossil energy. The kinds of numbers that are in the 
European markets are maybe $25 a tonne today. The 
Europeans are trying to put back a price in the 
European Trading System in that range. $100 is where 
you’d have to be, and people know that.  
 
$100 a tonne of carbon dioxide translates into $400 a 
tonne of carbon [a CO2 molecule weighs 3.7x each 
carbon atom—CO2 molar mass 44g vs. carbon molar 
mass 12g], which turns into $200 per tonne of biomass 
[according to FAO, carbon content of oven-dry 
biomass/vegetation is 47.5% carbon by mass]. So 
there’s a number. I want to really make some 
connection here—$200 a tonne of biomass. We’re 
looking at prices of rice—I was pleased to see that—in 

which it was a significant amount, but within the range 
of excursions. Think of that price in each of your 
domains and say how dislocating it would be. It’s 
enormously dislocating for the competition between 
coal and natural gas, for example. It really favors 
natural gas over coal. It would shut down coal plants 
and develop natural gas. 
 
What does it do to forests and crops? And think it 
through. I’m pretty sure it’s a perturbation that is big 
enough to be on your plates. How much more land will 
be—as soon as you have a price like that, the fact that 
the biocarbon has been made by carbon from the air, 
with photosynthesis—solar energy—means that it’s in 
principle non-carbon fuel [not adding any new fossil 
carbon to the atmosphere, but instead recycling 
atmospheric carbon]. You have fertilizer inputs, you 
have tractors, you have all the other things, which 
change the picture. You may have to cut down a forest 
to plant something—that’s what Tim Searchinger 
called attention to, the indirect emissions. But after you 
take all of those into account, there will be many many 
situations where what you’re trying to put on 
somebody’s table can also go into a gas tank. Or can 
also light a light bulb. 
 
In fact, one way to think about this is that there are 
four strategies for using biocarbon to deal with the 
climate problem: 
 
The first is a stock issue. Just put [capture] more 
carbon in plants on the planet–in the soils, in thicker 
trees and forests, in more intensive grassland use, and 
so forth. All of those are ways of taking carbon out of 
the atmosphere. And they’ll be paid for. 
 
The second is to turn biomass into fuel. It has a second 
purpose, which is to affect oil markets, but it also has a 
climate problem—a climate solution—and it goes and 
displaces oil, transportation fuel. 
 
A third is to make power, either on its own (throw 
some crop waste or something into a boiler), or co-
firing, as it’s called (add it to a coal plant and lower the 
score, lower the emissions score, perhaps getting it in 
newly proposed EPA rules, which are all about carbon 
per kilowatt and it’s going to count fossil carbon). 
 
And the fourth is another form of scrubbing of the 
atmosphere—of carbon dioxide—like increasing 
stocks, which is, for example to make power from 
biological crop, capture the carbon dioxide in the 
exhaust and put it below ground. That is a scrubbing of 
the atmosphere strategy as well, and it’s got a name, 
it’s called BECCS—Bio-Energy with Carbon Capture 
and Storage. If you look at the IPCC report that just 
came out from Working Group III—BECCS is the 
workhorse of achieving low carbon targets, it usually 
occurs in the second half of the century. 
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All of these are in the hundreds of millions of hectares 
to make a difference. They’re supplemental to each 
other. So you have an enormous impact coming down 
the road. 
 
[39:35] Technical issues: Lots of people like 
residues—crop residues and forest residues [non-
usable residual biomass left over after a harvest]—on 
the grounds that you’re not apparently interfering in 
the production of food, apparently not interfering with 
the production of forest products, or [interfering with] 
biodiversity. 
 
This problem of to what extent can residues be 
removed from land without consequences for the 
productivity of that land has been hanging out there 
and is the problem that I think most needs work 
because there is so much interest in those residues on 
the part of the climate crowd. For goodness sake, you 
are the guys who can figure out what that’s about. 
What do you need to return—crop waste from corn and 
rice as well as forest products are really big deals. 
 
Pasture and one more and then I’ll move to analogy. 
One more is the pastureland and nobody mentioning 
feedlots. What is the tradeoff if the very nice pictures 
of forests and improved pasture management in turn 
goes one more step to American-style feedlots? Is that 
in fact the climate-attractive project because now all 
that other land is available to grow something to put in 
gas tanks. Are you thinking that one through? Is there 
anything that will be attractive about that from a pure 
economic package? 
 
And my message from that is, this is about 
conditionality [setting policy constraints]. You have to 
put yourself in the minds of someone who has been 
tasked with having maximum possible impact on 
climate for a given number of hectares of forest or 
agriculture. What will they do when there’s no 
constraint of any kind other than to improve the effect 
on climate? Then figure out that they’ll monocrop, 
they’ll add lots of fertilizer, they’ll do things with 
water and so on. Some of those will be things you 
don’t’ want them to do. Then put yourself in the minds 
of a policymaker, and say, “What do I have to add in 
the way of conditionality so those bad things don’t 
happen.” So to my mind, this whole intersection is 
about conditionality. If conditionality is thought 
through ahead of time, we may be able to navigate 
that. 
 
[41:50] Analogies are all over the place and I’m 
running out of time. But I’ll pick out the single most 
interesting one that came up over and over again, 
which is it is “rich and poor.” It is really productive to 
think about the energy and climate problem stratifying 
by income. And it is here too. 

 
And to be very explicit: Problems of poverty almost 
have no relationship to problems of wealth and 
prosperity. In the case of energy, colleagues of mine 
and I wrote a paper called “[Sharing Global CO2 
Emission Reductions Among] One Billion High 
Emitters.” Not so different than 1-3-6-10. Ten tonnes 
of carbon dioxide emissions per capita per year, 
defines the emission level for individuals above which 
about one billion people function—almost all 
Americans, about 20% of the Chinese, half the 
Europeans—a lot of other people—about a billion 
people. They contribute two-thirds—something like 
that—of the total emissions. 
 
There’s another three billion people below one tonne 
of carbon dioxide per person per year, who are the 
abject poor, the target of [United Nations] Millennium 
Development Goals. 
 
There are all kinds of perverse strategies—the World 
Bank is suffering under the instructions that they must 
not use fossil energy to deal with the poorest people of 
the world. Rather than bringing in a diesel engine, a 
bus, modern cooking fuel. But if you work out the 
numbers, three billion people taken not from poverty to 
wealth, but from abject poverty to the lowest level that 
isn’t abject poverty, where the girls do go to school, 
and there is immunization. You multiply that by let’s 
say one tonne of CO2 per year by three billion people, 
you’ve got three billion additional tonnes in a system 
that’s emitting 35 [2013 global CO2 emission of 35 
gigatons, or 35 billion tonnes]. So you’ve got a 10% 
effect of dealing with abject poverty to a level of low 
low middle class or whatever you want to call it—it’s 
just off the bottom. And it’s what the Millennium 
Development Goals are all about.  
 
That does transfer over here. Poverty and hunger and 
all the solutions we’re used to are not related to 
eutrophication and dead zones. They’re not related to 
obesity, they’re not related to the price of corn in 
global markets except very indirectly. Many of the 
things you’re talking about are problems of prosperity 
that get worse as we get wealthy, because the planet is 
bounded and another set are about poverty. 
 
It’s really productive to make that distinction. The UN 
makes it difficult because they talk about per capita 
numbers, which bury the prosperity of the wealthy and 
the poor countries so you have to break that barrier 
down. You really will make progress if you make that 
distinction. 
 
Now I’ll turn back into moderator. 
 
Panel 4 Discussion 
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[44:43] Tim Searchinger: Just a brief comment, and 
then a question. I actually don’t completely agree with 
your bioenergy analysis, in that the reason bioenergy 
appears to be an attractive carbon option is only if you 
ignore terrestrial farmers. 
 
In every situation where you can manage a piece of 
land doing one thing or another, you will always have 
a larger carbon savings, at least for decades, than [?] 
letting that land for some other purpose. 
 
So I think it is the case—this is all based on an 
accounting error that leaves that just because biomass 
[xx] plant growth, that makes it carbon-free. That’s the 
accounting error. It’s not even in the IPCC or the 
international accounting guidelines—it doesn’t work 
that way. 
 
[45:38] Rob Socolow: So you have to do the 
accounting right, and Tim has been pointing out 
accounting errors all over the place, largely. And he’s 
right, but even after you take those into account, there 
are many places where you would manage your forest 
to increase its yield and standing carbon... 
 
[45:53] Tim Searchinger: You would always in 
virtually every situation have an increase in carbon for 
decades. You have to wait a really long time to 
greenhouse gases reduction, so it only matters – 
 
[46:05] Rob Socolow: Well this is of course a 
technical point that Tim has been trying to resolve. He 
hasn’t carried the day with, and it seems to me unlikely 
that every single application where biocarbon is 
supposed to be a planet solution is invalid. But if 
you’re right, then that’s just not—eventually we’ll do 
the accounting right, presumably pretty quickly. 
 
[46:23] Tim Searchinger: Let me give you a very 
simple explanation for why that is very very quickly, 
which is that the amount of carbon that you save 
whenever you harvest some terrestrial carbon—the 
amount of carbon that you save in fossil carbon is at 
best half and often less. So the amount of carbon you 
keep from the atmosphere is greater leaving the carbon 
standing. Yes, it bears true that you get flows of carbon 
and that those flows of carbon are used, one way or the 
other, they’re used for food, they’re used for timber or 
they’re used to restore a carbon stock. But that’s a 
longer discussion. I do think that it is the case that you 
get competition for food up to maybe 25%. 
 
[47:00] Rob Socolow: Tim is going to chip away at 
the case for biocarbon in the first place, hopefully with 
every bit of success that his accounting deserves. 
Meanwhile, there will be bad accounting that will 
push, and as well appropriate accounting that will push 
against the uses of the land for the purpose we’ve been 
discussing here. 

 
[47:27] Tim Searchinger: Anyways, my question is 
on the crop insurance part. In the U.S., no farmers 
bought crop insurance unless it was subsidized. And 
once it was subsidized, it’s not really insurance, it’s 
just a subsidy that you give to a farmer through an 
insurance company, or the other way around. Do you 
have examples of where you’re actually getting this to 
work without a subsidy, without having the 
government pay for “re-insurance”? 
 
[47:48] Dan Osgood: Yes. So I think there are 
examples. Some of the examples that I presented were 
of unsubsidized products and we really try to fight 
against subsidies in insurance products because they 
are just a way of masking subsidies and not really 
covering risk. In the U.S., there’s also a market in 
between—it’s only been in the past couple of years—a 
market in between the subsidized government 
insurance and the derivatives market where farmers are 
purchasing unsubsidized index insurance. It’s a narrow 
market and the whole engine that drives it is you have 
to find something where the insurance actually allows 
you [the farmers] to make more money.  
 
In the Ethiopia project, it’s an unsubsidized product, 
but farmers can buy it by working and that takes donor 
money to do that. Although having said that, in that 
project, thousands and thousands of farmers just come 
in with cash, saying I want to buy this. I think the key 
is—and this maybe abridges things, or maybe I’m just 
tired—it’s not looking at the averages always, but 
saying, “What are concrete problems that we might be 
able to solve for certain things if we work hard and 
think through them? And how do we break that into 
manageable list? How do we have isolated smallholder 
farmers, who are the decision-makers working with 
large international re-insurance companies to solve 
problems?” That’s the problem facing us today: these 
complicated problems—if you address them correctly, 
you’re getting something that has some—it’s 
obviously that intuitively, we all see that this is the 
way to go and these are the things we need to worry 
about. How do we transform, piece by piece, these big 
global decisions into those kinds of things? 
 
[50:34] Shukri Ahmed: Mine is a comment also 
related to the insurance but also the governance that 
Dan just indicated. There is another project that I am 
involved in of index insurance, which actually bundles 
it with credit availability for farms. This is bringing in 
actually private banks, who have never done this, to 
smallholder farmers. The fact that they have the index 
as an objective measure gave them the benefit of going 
into it while at same time the insurance would be 
giving, and farmers were ready to pay, and they are 
paying it. It’s in the third year and some very 
interesting results are coming out of that. But it is a 
fact that it brought in resources and finance to the 
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farming community that they never had before. So in 
it’s own right they might not have gotten into it, but 
the fact that it brought credit actually brought both the 
lenders as well as the borrowers. We’re also trying that 
aspect.  
 
But now, to Dan, you have touched a very interesting 
point, and one of the real problems that we’re finding 
is of course the re-insurance. That is where the 
international governance and others are coming. That 
is becoming a real area for most of the smaller 
insurance companies in developing countries where 
even when they’re taking most of the risk, whatever 
risk is also left for international reinsurance companies 
is not forthcoming, or as not easy as it should have 
been. So, what kind of governance—and we are 
talking today actually about the governance—would 
actually induce the international re-insurance 
companies? This is one of the discussions that was 
coming. 
 
[52:51] Erik Chavez, Imperial College: I work with 
weather insurance as well as at the World Bank. One 
of the current technical questions on weather insurance 
is that—one uses historical data to calculate a premium 
based on historical risk. As it is becoming more and 
more evident, the statistics of weather and the statistics 
of extremes is changing in time due to global warming. 
Taking that into account, how do you see, technically, 
weather index insurance taking the technical challenge 
forward? And do you think—could the mechanism of 
weather index insurance—which has been shown to be 
very promising –can it be linked to other risk 
management instruments, such as early warning or I 
don’t know, to respond to these challenges of changing 
statistics? 
 
[54:03] Xenia Morin: My question also goes to 
banking and the ability for people to save money when 
they have those four years that work well. I understand 
that in many places there aren’t good mechanisms to 
actually save the money. So is it an insurance question 
or is it a banking issue sometimes? And access to 
credit capital? 
 
[54:37] Calum Turvey: On the issue of index 
insurance, one of the biggest problems is this thing 
called “basis risk.” We’ve done a lot of this stuff, and 
when we first started working with index insurance, it 
was all very nice. Here’s the location, we just assumed 
that everything happened at that location. 
 
As these things started being investigated by more and 
more people who sort of saw these problems come 
about when we’re using the historical data at the given 
location on that. What happens may not be so much in 
terms of climate change that you’re seeing these ever-
shifting things. A lot of times it might be due to the 
strength of the data. 

 
Let me give you an example. In the United States, 
there’s a very nice data set, very clean: 30 years. But it 
excludes 1934, right, it excludes 1934, 1932, 1936. 
The worst drought years in American history are 
excluded from that data alone. So there is this problem 
of the data itself and what’s used to calculate these 
things. You have to be really careful of that. And also 
of the correlated risk. These products you can also 
scale, depending on how you measure them. If the 
prediction is that this is going to be a hotter-than-
average year, then you can sort of make a scale 
adjustment within a given year in order to adjust the 
premium for what the climate forecast might be for 
that year. 
 
[56:20] On the credit side, the issue of savings is a big 
thing. There’s this whole idea of financial inclusion 
and who is included—that includes breadth as well as 
depth. Breadth is how many people actually get access 
to credit or financial services, including savings as well 
as borrowing. There’s a thing called “redlining,” that’s 
where banks sets up in a rural area, accept all the 
savings, but never lend in that area—they just transfer 
that savings out elsewhere. So you don’t get a lot of 
debt because not a lot of people actually use the 
services available. Financial inclusion is the other term 
for that. 
 
There is also a pretty important area, which hasn’t 
really been touched upon in this area about expanding 
the role of financial services in these rural areas. You 
just don’t see it in these developing countries. You see 
some inroads here and there. But they’re just not 
getting that. 
 
Finance education is also a pretty big deal when you’re 
talking about a largely illiterate population in many 
areas as well. 
 
I’m glad to see that you’re doing some stuff on risk-
contingent credit. This is fantastic because the 
balancing of business and financial risk is a key 
problem. You can actually get micro-insurance, micro-
lending—balancing these two things—it ought to work 
so keep track of what you guys are doing. 
 
[57:55] Luc Christiaensen: Fertilizer profitability. We 
sort of start from the assumption that’s going to be 
profitable to do. One of the reasons why people may 
not adopt it is because it just doesn’t pay. The cost of 
the fertilizer combined with the output increase and the 
price you get for the produce—it just may not add up. 
They’re actually rational. They’re profit-maximizing 
and they’ve done their math right. This may well be 
determined by a number of settings like bad soils or 
unresponsive soils, you fertilize them and it just 
doesn’t pay [xx] cost. 
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I just read a study, looking at the profitability of 
fertilizer in Nigeria, where that is exactly what they are 
showing, that in many instances actually it’s not 
profitable just doing the costing. Now, once you 
subsidize it does, of course become profitable. But 
then, in a way, you set yourself up for failure, unless 
there are other reasons—the input providers are not in 
place, and by kind of creating markets, there cannot be 
input providers, so that was the reason, but it’s really 
not economically profitable, subsidizing it may be a 
problem. 
 
Now I link it back to insurance. So you can think about 
another reason why people are not adopting fertilizer—
maybe because of the risk. They have to pay up front, 
they don’t know if it’s going to rain, if it doesn’t rain, 
they have cost, and then they have to pay it back. And 
maybe they lose their assets [xx] So, in order to help 
them do the risk management, one could think about 
subsidizing the risk management. That could be either 
to linking credit with banking, the idea of that 
individual farm is going to buy a lot of insurance—just 
the transaction costs of doing that in this setting is 
quite complicated. Maybe bring in the financial sector 
[xx] banks, that may be a better way. The whole idea is 
how to get the adoption up and what kind of 
instruments you use if you’ve subsidized and then it’s 
not profitable—that may set you up for problems. If 
it’s a risk thing, then basically by subsidizing the risk 
you may help the situation and not have the point that 
people are doing things that are not profitable to begin 
with. 
 
[1:00:27] Dan Osgood: To underscore—I think these 
points—I’d like to support these points. I think the key 
with the insurance is that it typically is not successful 
when it’s used alone, and you need to be connecting it 
with banking, you need to be connecting it with 
different types of intercultural practices, you need to be 
connecting it with savings. You need to be building 
these things together. You need to have a governance 
system because the insurance won’t be a strong enough 
tool. It won’t be addressing climate change issues, and 
there will be a lot of basis risk left untouched that you 
need to use other things to cover for. And it’s when 
this package makes sense together, and you find some 
governance to build this package with all these giant 
programs and complicated programs, that’s when you 
start seeing the re-insurance companies cooperating 
more: when they have comfort that something that 
makes sense and you’re solving a problem as opposed 
to just following what’s on a bunch of PowerPoints at 
global capitals. 
 
[1:01:42] Pedro Sanchez: Ok. I have two points 
actually related to your presentation, Rob [Socolow]. 
One is on this idea, “How much crop residues can we 
take out to make ethanol?” It’s a very dangerous thing. 
It’s a lot of research— 

 
[1:02:00] Rob Socolow: Is the question dangerous or 
the answer dangerous? 
 
[1:02:04] Pedro Sanchez: No, the question is good! 
And the answer is not dangerous. It’s the—well—the 
question, “How much residues can we take out?” 
There has been some research in the Midwest, it’s 
actually very little that we can take out. And people 
think that residues are trash. The Chinese in previous 
years took out all the litter layer of forests in many 
areas, to fertilize rice fields. And bingo! The forests 
died, because that was part of the nutrient cycling 
system. I don’t think they do that anymore. But to 
consider residue as trash, useless stuff is wrong. 
 
The second point I wanted to make: you mention the 
word “feedlots.” That pushed a red button—probably 
we’re on the same side of the issue. I think there is 
something that just doesn’t make sense at all, except 
economic sense: to turn a ruminant that is programmed 
to use grass into a monogastric [single-chamber-
stomach animal] by feeding them corn and soybeans 
and God knows what else just so we can put much 
more fat in our meat, more cholesterol in the parts of 
red meat—so we eat it and it’s delicious steaks full of 
fat and so on, we get more cholesterol in our veins and 
heart attacks and so on—the whole thing is a real 
stupid, vicious cycle. It happens to be very profitable. 
That’s a problem. But if there’s one thing I would like 
to see as change in the whole chain—probably has 
very little to do with climate change, but it has to do a 
lot with our health—is, why don’t we just let 
ruminants be ruminants? And not do these feedlots and 
produce mountains of manures and all this stuff. And 
bad for our health. 
 
[1:04:15] Tim Searchinger: One thing, on feedlots—I 
hate feedlots too, but they produce actually 
dramatically fewer greenhouse gases per pound of beef 
than grass-fed beef. I hate feedlots too, but the reality 
is that the emissions from methane from manure. The 
emissions from a cow are dependent above all on two 
things—one how long does that cow have to be alive 
before you slaughter it, and second is the energy and 
protein content of the feed. The lower the energy 
content of the feed, the more methane you produce. So 
it’s a horrible thing but it is actually been shown by 
virtually all analyses that feedlots unfortunately 
produce dramatically fewer emissions per pound of 
beef. 
 
[1:05:03] Rob Socolow: And they would produce 
fewer still if they were priced on carbon because they 
would gather some of the methane. 
 
Other questions in this general area, was your question 
in that area? 
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[1:05:10] Otto Doering: Degradation of soils in 
Africa—does that count? 
 
[1:05:15] Rob Socolow: Let’s see if there are some 
questions closer to Pedro’s topic first. 
 
[1:05:24] Xin Zhang: Quick follow-up. We were 
talking about like how feedlots have radically less 
greenhouse gasses per emissions per meat production. 
So it’s efficient in terms of per-unit meat production. 
But there’s also an effect in the economy—in 
economics—the “rebound effect,” which suggests that 
even though we probably are going to have more 
efficient technologies, however, it might drive up the 
consumption of that product. If there’s no governance 
or regulation in place, then it might possibly lead to 
more consumption, and also the production in that 
even more efficient system, and then it might result in 
more emissions. 
 
[1:06:33] John Ikerd: Another consideration 
following up on these is you’re not looking at how the 
grass is managed in order to have the livestock on 
grass. When you look at how grass is managed, and 
you start rebuilding the organic matter in the soil on a 
managed grazing system, then you’re sequestering 
carbon there that doesn’t get counted in these 
budgeting processes that you’re talking about here. 
 
[1:07:07] Rob Socolow: Ok so these are two very—I 
tried to be provocative, and I succeeded, obviously! To 
the residues issue: you just have an obligation to close 
the loop with the climate community on biofuels. If 
residues cannot be used without limiting the 
sustainability and the productivity of the land, and 
that’s just an across the board statement, doesn’t have 
to be qualified at all—and get that across. If you have 
to qualify, one of the strategies would be, for example, 
to burn biofuel, but try to capture their residues, which 
residues, nutrients, which particular elements would 
you like to get back in particular? It gets more 
interesting, but this is—biofuels are so central to the 
discussion of climate change in the IPCC, and your 
inputs are not there, if you’re telling me that residues 
are off the table because they play such a prominent 
role, even in the most recent report. So please close the 
loop. It’s one of many loops where we have silence in 
the universities. It’s really important. 
 
The second one, about feedlots, again, you said—this 
doesn’t make sense except economically. 
 
[1:08:08] Pedro Sanchez: And environmentally now. 
 
[1:08:16] Tim Searchinger: There are horrible ironies 
in the— 
 
[1:08:18] Rob Socolow: I can report a conversation 
with a man who had a large amount of other people’s 

money to spend to develop biofuels in Brazil. And 
after spending reconnaissance for a couple of months 
with other people working for him, he said we’ve just 
got to bring American animal husbandry to Brazil and 
we’ll have lots of land to plant biofuels on. So there is 
a connection. And I think there are many people for 
whom the animal welfare is way up there as one of the 
issues we’re not ready to trade. The health issues, 
maybe. So again, it’s real. It’s a real intersection of the 
two subjects. 
 
But what about the statements that it doesn’t make 
sense except economically, you three economists going 
to take that? 
 
[1:09:04] Calum Turvey: I’m not an expert in that 
area. 
 
[1:09:05] Rob Socolow: Do you know other areas 
where it doesn’t make sense except economically? 
 
[1:09:10] Calum Turvey: It’s a matter of economies 
of scale. Right? And economies of size. But in terms of 
the biofuels debate, I’m not qualified. 
 
[1:09:20] Rob Socolow: It’s simply that things that 
make sense economically have a hard time not 
happening unless you’re very vigilant. That’s all I’m 
trying to say. 
 
[1:09:27] Otto Doering: Otto Doering, Purdue. I’ll 
finish up on residues. I’ve been involved in residue-
related work since the mid-1980s and there are 
agronomists all over the country that have done superb 
work on this and it’s in the literature. And has been 
there since the 1980s. So it’s there. 
 
[1:09:30] Rob Socolow: I don’t doubt it, but it doesn’t 
get carried to these other people. 
 
[1:09:53] Otto Doering: That’s the agricultural silo 
problem. 
 
[1:09:55] Tim Searchinger: The problem is that you 
energy guys—you just don’t know anything about our 
subject, right?! 
 
[1:10:05] Rob Socolow: I personally don’t work on 
biofuels at all, but I had—one person here in our PIIRS 
program, Felix Creutzig [formerly Visiting Associate 
Research Scholar, PIIRS research community on 
Communicating Uncertainty: Science, Institutions, and 
Ethics in the Politics of Global Climate Change, Dept 
of the Economics of Climate Change, Technical 
University Berlin] who works in Berlin, had a major 
role in biofuels chapter of IPCC, and he described 
basically war among the various interest groups and 
points of view on that subject. It is probably the most 
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contentious part of the climate agenda right now. So it 
needs all the help that you guys can give it. 
 
[1:10:32] Tim Searchinger: The language on BECCS 
was even written not by Felix’s group. There were 
three different sections dealing with bio-energy and 
they are written by different people with no particular 
relation to each other. 
 
[1:11:01] Otto Doering: As a good ender for the 
afternoon, let’s talk about the depressing thing that 
Cheryl presented in terms of Africa being in a position 
where the natural resource base has been eroded. My 
question really is, what are the tradeoffs we face today 
in terms of our ability to try to renew these lands or 
not, particularly if you figure in climate change with 
more irregular rainfall, with higher temperatures. If 
part of what you have to do is increase the carbon 
content in these soils and deal with the nitrogen-carbon 
ratio, which at high temperatures is not that easy? I 
guess a part of the reason I ask this is my major 
experience with this is the British groundnut scheme 
right after the Second World War, where they brought 
in used tanks finally to try to plow the hard-pan soil, 
and the tanks couldn’t do it [Tanganyika or East Africa 
Groundnut Scheme, 1946-1951, in which British 
attempted to plow soil in what is now Tanzania in 
order to plant peanuts and other groundnuts]. 
 
[1:12:16] Marc Levy: Just an observation triggered by 
the biofuel discussion. If the main problem that we are 
wrestling with is these risks that cascade across 
systems in complex ways, I think we have to recognize 
that managing these things is going to take the 
invention of new tools because this is a clear 
illustration of not being able to make use of the tools 
that we normally use to manage these kinds of things. 
We can’t use the market to send the right signals to 
direct investments in the appropriate way—the 
market’s not doing that. We can’t even use our 
scientific methods because they’re getting disparate 
answers and we’re not agreeing on what the 
implications are. One thing I draw from this is that 
we’re setting a high level of ambition, you want to help 
the world manage these five or six big global systems 
that are interacting—it’s even bigger than those four 
because you don’t have energy up there—then we’re 
talking about inventing new forms of discussion, 
dialogue, and governance, which is perhaps as 
transformative as the invention of the modern science 
establishment of the 1800s or something like that. 
 
[1:13:51] John Wargo: I’m fascinated by your 
challenge to think 50 years down the road about the 
carbon tax and what its influence might be on food. 
I’m wondering, since we have number of economists 
here, what do you think would happen to international 
beef and dairy and perhaps fish markets which are 
carbon-intensive types of food, what would happen to 

those markets if we adopted a $100 per tonne carbon 
tax? 
 
[1:14:26] Rob Socolow: I didn’t say in 50 years and I 
don’t think that’s the right time concept. I think if 
we’re going to attack climate change with anything 
like the seriousness of even the European decisions 
that we talked about yesterday, it would be 15 years to 
see a price like that. 
 
[1:14:43] Shenggen Fan: I think that yes, tax, pricing 
can get the price right. But that price should not only 
affect economic conditions but also the so-called 
externalities of the environment and health—health 
costs. When you eat a lot of beef, actually you get 
NCDs (non-communicable diseases). It would affect 
the market, but you need to fix the market, because 
right now the market does not deliver good nutrition, 
does not deliver good environment, does not deliver to 
cut carbon emissions. 
 
[1:15:35] Rob Socolow: I’m glad John Wargo put in a 
time so I could correct it. In fact, think 10 years, 
ramping up $10 a tonne of CO2 per year for 10 years, 
and just double that number to be dollars per tonne of 
biomass, up to $200 in $20 steps. And assume that it’s 
believed by industry and by agricultural capitalism, 
that the investments are going to be there that are 
appropriate—because not only is it proposed but it’s 
somehow convincing. That’s always the hard step. But 
assume it’s convincing and figure out how the system 
responds. 
 
[1:16:11] Xenia Morin: I want to add to Otto’s 
comment. Could we perhaps look at reducing risk 
through perennial agriculture? So much of our 
agricultural systems are based on replanting each year. 
The reason we need insurance is if it fails. Where does 
perennial agriculture fit in to a less risky agricultural 
model? 
 
[1:16:36] Cheryl Palm: I do think there is a common 
thread, and it is carbon. I think it gets to Otto’s 
question. Just on your temperature issue in the tropics, 
the temperature issue on decomposition carbon-
nitrogen, to me is not currently the big issue. Perhaps 
in the temperate zone but in the tropics I wouldn’t 
worry about it. But it is increasing biomass. It is 
increasing biomass and soil carbon. You need the 
biomass to get soil carbon stocks back up. Currently, 
there are all sorts of limitations to people increasing 
that biomass production—crops. Not getting enough 
nutrients back into it, not getting enough labor, 
fertility, whatever. There are constraints. There’s real 
bright sides too, but people need to know the 
challenges to that. One, we can’t get enough biomass 
in these systems to get the carbon there. A lot of 
people say, “Oh let’s do clean development 
mechanism carbon-offset projects for smallholder 
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farmers.” Well, with the prices of carbon, they 
wouldn’t care they wouldn’t care, and they don’t. It’s 
just too too low to make... 
 
[1:17:56] Rob Socolow: But much lower than it would 
be to deal with climate change seriously. It might be 
possible, but— 
 
[1:17:59] Cheryl Palm: So that’s what I love to hear, 
this $100 per tonne. That actually might then start 
getting some of these incentive mechanisms, so there is 
this increase in productivity, an increase in ecosystem 
services, and some carbon stored in these lands that 
currently [xx]? 
 
[1:18:18] Dan Osgood: One of the projects mentioned 
today was where they work to pay for the insurance in 
the communities they have a discussion about how do 
they increase their resiliency, increase their 
productivity. In many of the communities, they choose 
what that work will be—as a community—based on 
discussions that are informed by global processes. In 
many of the communities, they choose reforestation. I 
think what’s really important is, picking up on this 
governance issue, is it’s not deciding in Geneva or 
New York what the rest of the world should do, but 
having a governance system that’s not invisible hands 
letting everyone decentralize and do everything, but a 
governance system that spans, so that from the 
villages—people are making decisions, they have the 
tools to make those decisions and the barriers to do the 
things that make sense are addressed—all the way to 
the global processes. That’s the challenge we face. It’s 
a challenge like the rise of the science-based 
governance. 
 
[1:19:43] Unknown questioner: Thinking about tools 
to can help improve resilience, I wonder if the panel 
has any thoughts about the use of seasonal climate 
forecast for improving resilience/reducing risk. It was 
mentioned a little bit there I think by someone on the 
panel about using temperature forecasts or whatever. 
Given that they are inherently uncertain—and what’s 
produced now over Africa especially is very non-
local—so essentially useless in some respects. Can you 
tell me about how it’s used at the moment, and what 
the prospects are in future for using it to reduce risk? 
 
[1:20:20] Dan Osgood: I think I’m contractually 
obligated to answer that question because I work at a 
place based on seasonal forecasts, IRI [International 
Research Institute for Climate and Society, Columbia 
University], and we had a big event a couple days ago 
about that. So, yes. Seasonal forecasts in terms of the 
insurance play a big role. It’s this question of it 
impacts the price of the insurance, and the insurance is 
about the probabilities of what’s going to happen and 
the opportunities you have. If the seasonal forecast can 
forecast 50% of the R2 then the insurance can cover the 

other 50% if it’s correctly designed. You want to be 
getting the fertilizer to the places where it’s likely to be 
working that year. And have people be more 
conservative where it’s not likely to be working. 
Whether it’s that year or that decade or—in terms of a 
trend, you want to be trying to provide a system that 
makes it possible to do the things that make the most 
sense. It’s incredibly complicated, and it’s something 
that’s talked about in these insurance products but 
hasn’t been addressed explicitly, although reinsurance 
companies price it in. 
 
[1:21:44] Michael Puma: This is a question for Luc, 
and it goes to the issue of the trade restrictions. And I 
guess my question is how should we look at the 
prospects of preventing trade restrictions? Do we say 
that there is a real possibility that the World Trade 
Organization and other international organizations can 
be effective at preventing that or do we have to 
basically accept the situation that countries will impose 
trade restrictions, and then design our systems such 
that we are a bit more robust, given that’s what’s going 
to happen? 
 
[1:22:22] Luc Christiaensen: I think it’s the former. 
My reading of the situation when I talk to colleagues is 
that it’s not on the agenda of the WTO and they can’t 
get it on the agenda of the WTO. Exporters are not 
ready to accept it. In many ways I’m fully in 
agreement with you. Trade is a mutual obligation. It’s 
the same especially in the markets, where you can’t 
really walk out. It’s not going to happen every year, it 
happens every third year maybe. Exporters want 
markets to be open, but they don’t want to take on the 
obligation that they will export also when things are 
getting dark, and that seems to be the situation 
politically. Yes, we need to work with other solutions.  
 
In the last crisis, in 2007-2008, there was an element of 
information as well, there was a perception of big rice 
shortage, which led to a lot of hoarding, which added 
to the price spike. But in reality there wasn’t a real 
shortage of rice, which was different from the crisis in 
the 70s. I think there has been a lot of progress on 
getting more information out there. China at the time 
was not willing to release information about its stocks 
for example. Everyone was guessing. I think they have 
come to the table and be part of information-sharing. 
So there has been a lot of progress. I don’t think there 
has been a lot of progress in sort of the buffer stock 
issues in that it’s considered too costly and too difficult 
to manage, although there maybe a bit at the regional 
level. In addition to the information, the other final 
element in repairing that is the idea is absorb the price 
shock and put in place social safety nets so that the 
poorest are protected from the pressure. That’s sort of I 
think where the debate stands. 
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[1:24:17] Michael Puma: The safety nets would be at 
the national level? 
 
[1:24:20] Luc Christiaensen: Organize them—yes—
at the national level.   
 
 
Panel 5: What are other risks in the supply 
chain? 
 
Marc Levy, Deputy Director, Center for 
International Earth Science Information Network 
(CIESIN); Adjunct Professor of International and 
Public Affairs, Center for International Earth 
Science Information Network; Earth Institute, 
Columbia University 
 
Sustainable development, infectious disease, risk 
reduction in ecology & economic development 
 
So yesterday I was the understudy, today I’m going to 
do my own stuff, and I’ll try to do it a little bit briefer 
since I had some airtime yesterday. What I want to do 
is draw some lessons from experience over the last 15-
20 years trying to use indicators as points of leverage 
to try and transform the behavior of complex systems. 
One way to pose the question is to ask, why is it that in 
the graph on the left, if you track number of people 
breathing substandard air, according to WHO 
standards, the number keeps going up and up and up, 
but if you look at number of people who do not have 
access to improved water, that number is going down 
and down and down. 
 

 
 
Another way to pose question is: How is this systemic 
choke point—Senator Jesse Helms—what broke that 
choke point? There was a time in 2002, in which he 
had formally been blocking all of the major foreign aid 
initiatives in the government and the Congress, and he 
finally reversed his position after being lobbied by 
Bono. And the George W. Bush administration became 
one of the most progressive foreign aid practitioners in 
the world on a number of issues. How do we do that? 

 

 
 
So this is just an existence proof of one form that 
indicators can take in transforming systemic 
interactions. One hypothesis for why people are 
increasingly breathing dirty air, but they’re 
decreasingly drinking bad water, is that we have really 
good indicators on access to water, and we have really 
bad indicators on exposure to dirty air. 
 
There’s no international mechanism for monitoring air 
quality. The number of countries that voluntarily on 
their own implement robust air quality monitoring is 
very low and in fact on the decline. 
 
So, one of the things we’ve tried to do as kind of 
disturbers of systems is—working jointly with Yale 
University and the World Economic Forum—produce 
a set of country time-series indicators on issues that are 
important but getting ignored. So in this case we made 
use of satellite data to generate estimates of exposure 
to unsafe air, and then published this. 
 
Two years ago when we did this, it took China by the 
horns. And the exercise of publishing quantitative 
information about exposure to dirty air in China 
transformed the way air quality is discussed in China. 
There are many other players involved in doing this, 
including the U.S. Embassy, which put a station on 
their roof and started publishing the data. So today 
people in China have access to accurate information on 
what they’re breathing. They didn’t have it two years 
ago. 
 
This year it was India we put in our sights. In India, the 
impression on the street was, “Our air is perfectly fine, 
too bad for China, they have all that dirty air.” The 
facts are completely different. The facts are that the air 
in India is just as bad as in China, but it was not known 
to the public. 
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These are gross two-by-fours across the head 
interventions that change systems by getting people to 
pay attention to things they used to be ignoring. 
In a more sophisticated manner, you can intervene in a 
more comprehensive way to change the behavior of 
systems. 
 
This is showing trends against an index level of 1970 
in sulfur emissions, the U.S. and the Netherlands. The 
conventional wisdom is that the U.S. knows how to 
clean up its air and Europe is stuck. 
 

 
 
The facts are different. The main reason this is so—I 
won’t go through every item here—but the Europeans 
did a really really good job at thinking about how to 
manage air pollution systemically. They integrated 
scientific communities, managers, creative monitoring 
networks, communication strategies. They were very 
flexible, they were coordinated, and they operated in 
the spirit of learning and systemic transformation. In 
North America, we don’t approach air pollution like 
that at all. 
 

In terms of social science theory, this is an example of 
polyarchy that’s very effective. 
 
The little reminder in the bottom right there (slide), the 
indicator—I used to always show the picture of Bono 
and Jesse Helms as a self-serving portrait of how 
indicators can transform politics—but the indicator 
that made the most difference when Bono met with 
Jesse Helms, was this number 2,103, which is the 
number of verses in the Bible that give an admonition 
to eliminate poverty. They both had their copies of the 
Bible out, and Jesse Helms went through his and Bono 
went through his. And it was this argument that the 
Bible mandated attention to poverty that got Jesse 
Helms to change his mind. We have to be prepared to 
inject a kind of moral sphere when we’re aiming for 
high-level transformation of complex systems. 
 
Otto Doering, Professor of Agricultural Economics, 
Department of Agricultural Economics, Purdue 
University 
 
Conservation, farm bill, water 
 
[6:12] [Speaking without slides] Two quick things—or 
three quick things—before I begin. One, for the first 
Agricultural Adjustment Act [of 1938], I do not want 
to be outdone by the previous speaker. Henry A. 
Wallace sold it on the basis of the Bible and the story 
of Joseph and the storing of grain between good years 
and bad. 
 
Secondly, there is a poem by [British economist] 
Kenneth Boulding, called “The Old Agricultural Lag” 
[1966 poem explaining why some regions lag in food 
production]. I would urge you all to read it. Kenneth 
Boulding wrote it while at a USAID meeting, 
completely bored. He sat there and wrote this poem 
which looks at various disciplines, and talks about the 
various disciplines. Talked about [italics in original 
poem]: 
The ardent fertilizer buff 
[Thinks] fertilizer is enough 
The major culprit is the rat 
which brings about 
The massive use of pesticide. 
Economists, it’s plain to see 
All think that Prices are the key 
What we really need is a general system which in 
one Rostovian leap 
makes prices [of corn] dear 
and inputs [fertilizer] cheap. 
 
There’s a great deal more about anthropologists and all 
of you in the room in this thing [poem], which you 
should read. 
Last general thing, in the business literature and now in 
agricultural economics literature, we’re talking about 
something called “wicked problems” as opposed to 
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“tame problems.” I would urge you to look at this and 
think about it. The notion of a “tame problem” is it’s a 
problem that you can do with the scientific method, 
and go from a clear identification of the problem to a 
solution. 
 
Putting a man on the moon is a tame problem. 
Healthcare, feeding the world, are wicked problems. 
There is no agreement on the problem, there is no 
agreement on goals, there is no end point. You either 
make it better or worse. The literature on wicked 
problems is something that we all need to look at to 
think about how you approach these kinds of problems 
and the kinds of things you have to do. 
 
Alright, last admonition: You’ve got to know why we 
are where we are today—why people are doing what 
they are doing—if you are going to bring about change 
in terms of what these people do. If you don’t know 
why they’re doing what they’re doing now, you will 
fail, in terms of trying to get them to change what 
they’re doing. 
 
I’m going to talk specifically about conservation. I will 
answer question on the Farm Bill [Agricultural Act of 
2014], which I think is an abomination—the new Farm 
Bill—for a whole variety reasons I’m not going to talk 
about that. There are six challenges in terms of 
conservation—and I’m speaking primarily to 
conservation programs in the United States, but much 
of this applies in other places around the world. 
 
These are the six things that make me stay awake at 
night—as someone who was involved for a number of 
years in both the design of conservation programs, and 
rule-writing of conservation programs, and in 
conservation legislation. 
 
Number one: the prospect of non-sustainable 
intensification. This worries me, it worries [University 
of Nebraska—Lincoln agronomist] Ken Cassman and 
others who look at this. If we’re going to intensify, do 
we do this in a way that makes things an awful lot 
worse in terms of environment particularly and the 
long-term health of that environment? 
 
- [Number two:] Climate change and variability, and 
extreme events. This is one that is already on the radar, 
[Professor of Agricultural Meteorology] Gene Takle at 
Iowa State has been tracking episodic rainfalls—
rainfalls over an inch-and-a-half. Graphically, it is very 
powerful. You watch the episodic rainfalls increase in 
number and the space in between these rainfalls 
lengthens. And what that means is soil ability to hold 
water becomes increasingly important and it also 
changes the whole ballgame in terms of erosion. I’ll 
come back to that. 
 

- [Number three:]Timeframe. The discount rate. The 
inter-generational valuation. Economists do more 
damage here than almost anyone else, but government 
agencies and businessmen do it as well when they 
demand a 6% or 8% return of investment on something 
where the payoff really isn’t for three generations. This 
is something we’ve got to figure out how to deal with. 
The big argument over the British climate report, and 
you went to Yale and [William] Nordhaus’s big 
objection was that it was wrong discount rate, excuse 
me, horseshit. That’s not the question. 
 
- [Number four:] Tunneling. Eldar’s comments 
yesterday. If you look at conservation programs, 
historically in United States, “Big Hugh” Bennett, the 
father of American [soil] conservation, Liberty Hyde 
Bailey, the dean of agriculture at Cornell, earlier, both 
of them said [that] unless farmers are making a decent 
living, they are not going to practice conservation. 
They have to have this. It’s this tunneling that was 
talked about yesterday. I’d never heard about it in 
those terms, but that’s terribly important. 
 
- Number five: Management time. People who 
recommend conservation programs don’t often think 
about the management time it takes to do it. A farmer’s 
management time today, as operations have gotten 
bigger—and I’m happy to answer questions about why 
they’ve gotten bigger—management time is absolutely 
critical. Critical planting and harvesting periods, a 
farmer’s time on a machine can be worth between 
$2,000-$4,000 an hour in terms of critical operations 
on a 3,000-acre farm. We underestimate the ability or 
willingness of a farmer to spend lots of management 
time on a cool little practice that doesn’t do very much. 
 
- [Number six:] Political will and institutional support. 
Absolutely necessary. If you don’t have one or both of 
these, you are not going to get conservation programs. 
If you look at conservation budgets and adjust for 
inflation, in 1937, we dispensed $5 billion in current 
dollars in conservation programs, substantially more—
factors more—than the money that was dispensed for 
[commodity] programs. Today, it’s reversed. This year 
we will see upwards of $20 billion on commodity 
programs and, depending on how you count 
conservation programs, probably $4 to $6 billion. The 
numbers have changed. 
 
Lastly, you all need to go and look at the 1940 
Agricultural Yearbook, and read something by [head of 
Agricultural Adjustment Administration] Chester 
Davis, called “A Good Agricultural Policy.” He said 
there were three challenges for the New Deal in the 
30s: 
 
-Commercial production to feed the nation. 
-Second, the plight of disadvantaged tenants, poor 
farmers, farm labor, small farmers 
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-Third, land management and conservation. 
He argued at that time we had solved the first one—
commercial production—but the other two were far 
behind. I would argue exactly the same today. Thank 
you very much. 
 
Eric Chavez, Research Associate, Business School, 
Finance Department and Civil and Environmental 
Engineering Department, Imperial College, London 
 
Climate and economy; linking global agriculture, 
retail and finance to smallholder farmers in Africa 
 
[14:24] So this talk is more narrow in scope than the 
previous two. Here I’ll be focusing more on supply 
chain risk management in agricultural production, 
focusing on smallholder farmers. 
 
First, before addressing the question of supply chain 
risk management, this figure of a good paper of a 
couple of years ago that came before the Hansen 
papers on the changing days of climate. Here you can 
see the authors on this Nature climate change paper, 
they plotted record-breaking temperature events in 
western Europe that has the longest time series of 
weather data in the world. 
 

 
 
With over 100 years of data, what you can see 
interesting in this figure is that here on the right these 
record-breaking heat wave events have been coming 
one after another after another. So, for a farmer in 
Europe, that has lived a hundred years, what that 
means is that comes a heat wave, and they’ve never 
seen that in their lifetime, and then comes next year, 
and it’s the same again. This has been concentrated 
over the last 10 years. 
 

 
 
Dan Osgood presented yesterday a very useful 
instrument, weather index insurance, that uses indices 
to act as a proxy of crop production loss. 
 
We developed a model to project the distribution of 
these indices in different climate scenarios and to 
enable rapid selection of optimum indices in each 
pixel. 
 
So here you can see—well it’s different colors 
because, well as Dan knows, usually when you design 
the weather index contract, you don’t know whether 
your flowering happens at a given period of your crop 
growth or at another, so you need to be very careful in 
saying, “OK, it’s the cumulative rainfall from May 1-
15 or to May 20.” That is going to be the proxy that 
will allow you to tell, well if there was a heat wave that 
year, this is the index that will allow you to capture it. 
 
By integrating modern computer techniques of 
machine learning, this methodology was applied to 
areas of whatever scale. Another technique of machine 
learning was used to project that in different climate 
scenarios by linking the meteorology with continental 
or regional-scale climate variables that drive weather 
patterns in a given region. 
 

 
 
Concretely, that’s for results for Guangxi Province. 
You would have at a pixel level, the distribution of a 
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weather index under a normal Eastern Pacific sea 
surface temperature and this is the distribution of the 
index in a Niño year. 
 
By projecting these variables of a Niño index in 
different climate scenarios, one allows to see while in 
the decade of the 2020s, the most likely mix of Niño or 
non-Niño years is such—so you would have a 
weighted distribution of your index—and then you 
would have that for each pixel of a given territory. 
 
This map, represents the rising yield in Guangxi 
Province in the 2020s on a baseline technological 
scenario. 
 

 
 
This was applied for several provinces in China and in 
different technological scenarios—risk mitigation 
scenarios. Here you can see for a 1-in-100 years event 
in Shandong Province, a joint event of drought and 
heat wave, under a baseline scenario, which is a blue 
line, you would have roughly a 40% production loss. 
By switching the varieties, by putting a drought-
resistant maize that grows in Shandong Province, that 
is a more desertic area, while losses increase, because 
it’s less resistant to drought, irrigation allows to 
decrease the risk, as you can see here. 
 

 
 
This was used to feed into an economic model, to 
translate that in GDP units. 
 

Now coming to the supply chain side of the talk. 
 

 
 
There are different ways to manage risk when it comes 
to extreme weather events for instance. The first is to 
invest before an event happens, in mitigation, to 
decrease risk.  
 

 
 
The second step is to invest in transferring of risk, that 
allows you at the end of the day to decrease the cost 
due to the impact of an extreme weather event and to 
smooth the cost in time. 
 

 
 
These people, these corporations today, lose between 
0.25% and 7% of revenues due to supply chain 
disruptions in their global value chain, half of which 
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comes from weather. Most of these guys don’t even 
know what are their top 10 suppliers. 
 
Where this model is being applied, is to try to propose 
to these [corporations] that have a global supply chain 
a way to balance mitigation and transfer of risk in 
order to create competitive advantage by 
differentiating the cost of sourcing of key raw 
materials. 
 

 
 
Concretely how this is going to be applied, and this 
will start in 2015 with a study with an academic 
consortium of four universities in Europe, will be to 
compute these risk profiles and different sourcing sites 
by linking global buyers that will make investments in 
sourcing sites in Africa and conditional on those 
investments that decrease the risk, having access to 
contracts given by the re-insurance industry that will 
bracket the price [at which] the global [corporations] 
will buy the raw commodity by guaranteeing the 
minimum price and capping the price to a maximum. 
During the Q&A, I can answer questions on how do 
you regulate these sorts of instruments. 
 
Wolfram Schlenker, Associate Professor of 
International and Public Affairs, School of 
International and Public Affairs, Columbia 
University 
 
Changing climate, changing yields, biofuels 
 
[21:40] Thanks for having me. I’m shifting a little bit 
of focus. Most of my work has been on the U.S.. But I 
want to motivate by looking at the U.S. as even 
important from a global perspective. 
 
So [Kenneth] Cassman has this paper in Science that 
has four staple commodities—which are like corn, 
wheat, rice, and soybeans—that constitute 75% of our 
calories that we consume as humans either directly or 
indirectly through feedlots, which people talked about 
yesterday. The U.S. produces 23% of those four 
commodities in terms of calories. 
 
So the U.S. market share is roughly three times the 
share of Saudi Arabia’s in oil. It’s just such a big 

player that anything that happens in the U.S. has really 
big implications for global commodity prices. Any 
policy in the U.S., like the Farm Bill that was just 
alluded to by Otto, anything like that has real 
repercussions around the world because it’s just such a 
big producer. 
 

 
 
One thing I want to start out with is this extreme heat 
that I’ve been focusing on for a while. So the idea—
what we did—is we do statistical analysis linking 
yields to weather outcomes. What we always find is 
that what really matters is extreme heat measures. 
Here, on the x-axis you see temperatures, on the y-axis 
you see the annual yield. So these are just cumulatively 
how much time spent at certain temperatures. And 
there’s three different models, you can model it 
differently, three different colors. What comes out of 
all of them is that in a moderate range, as temperatures 
get warmer, yields actually increase and then there’s 
this sort of upper limit which is around 29 degrees for 
corn and 30 degrees for soybeans, after which further 
temperature increases become harmful. 
 
What drives everything in our statistical stuff is that 
the slope of the decline is about an order of magnitude 
larger than the slope of the incline. If you make things 
hotter with climate change, then basically you have a 
beneficial effect of making the cooler temperatures 
medium, but you have a real detrimental effect of 
shifting the moderate to the extreme heat. And given 
that the slope is 10-times as big, it just dominates 
everything. 
 
What worries me going forward is that if you look over 
time, we all know there’s tremendous progress in 
agriculture. Average yields have gone up like 
threefold, but if you look at the slope of this decline, it 
hasn’t moved at all over the last 60 years. 
 
So there has been a lot of innovation in getting crops’ 
average yields up, but the sensitivity to extreme heat is 
just as bad now as it was in 1950. We gave this talk to 
Monsanto and they were like, “You’re out of your 
mind, you have no idea.” And then 2012 rolled around. 
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If you use this very simple model—which just captures 
how much you are above 29°C for how many days, 
you really get a very nice prediction for 2012 and the 
production shortfall we had. So again, it doesn’t seem 
like there is much of a progress, unfortunately. 
 
That worries me because, going forward, with climate 
change, we are just seeing much more of this extreme 
heat. 
 
One particular thing we’ve been working on lately is 
that we sort of interacted the sensitivity to extreme heat 
with how much crop insurance you have. As you might 
expect, the more you’re insured, the more sensitive 
you actually are because you have an incentive to slack 
off because the government bails you out. It’s actually 
up to a third of that extreme heat slope could be taken 
away if you take away crop insurance. 
 
As the previous speaker just said, with the latest farm 
bills, we’re not moving at all in that direction—if 
anything, we have like Obamacare on steroids. We 
subsidize 50% of crop insurance so people all want to 
have it, but then we get upset if we subsidize health 
insurance. 
 
The only innovation we’ve really seen lately is that 
things get actually better in terms of the wrong 
margins—meaning there’s all these short season 
varieties, that corn is moving into Minnesota. But 
that’s the opposite of climate change. We’re making 
like progress into moving all this production to cold 
areas, where we really should prepare it for hotter 
areas. 
 
Another thing we’ve worked on is that sort of trying to 
link biofuel. Biofuel has a big implication, too. If you 
look at global production of those four commodities, 
the worst shock on record is like a 5% production 
shortfall—5.3%. If you look at biofuel mandate, it 
basically diverts 5% of those calories every single year 
into the production of biofuels. So basically what 
you’re doing is you’re shocking the system every 
single year with the worst shock that we have in 
history on record. 
 
Something we just started lately talking about with 
[Director of Columbia University’s International 
Research Institute for Climate and Society] Lisa 
Goddard, is that at least for the United States, we’re 
not really sure yet, might be Pacific Decadal 
Oscillation or some other bigger events, the correlation 
among individual shocks seem to go to really distinct 
shifts. As a result, you have periods where overall 
production is not as variable and then there are other 
ones which are more variable. 
 
On an upbeat, what worries me less—you have there at 
least one slide—there have been some studies that 

really worry about production variability, but if you 
feed this through storage models that actually usually 
goes away, because basically farmers have an 
incentive to store if they think prices will go up. So if 
there’s a predicted increase in variability, a lot of that 
actually gets taken care of by profit-maximizing 
farmers and storers who basically smooth that 
production out over time. So basically I’m worried 
about total production, I’m less worried about 
variability in production, talking about systemic risk. 
Thank you. 
 
Kaitlin Cordes (Moderator), Associate Research 
Scholar, Columbia Center on Sustainable 
Investment, Columbia University Law School & 
The Earth Institute 
 
Sustainable investment, human rights, right to food 
 
[27:30] Ok I am going to shift the focus of this 
conversation a lot I think, from this panel and probably 
also a little bit from what’s been discussed in 
yesterday’s panels as well. That’s because I’m a 
lawyer, which I think makes me perhaps the odd-one-
out here, and a human rights lawyer—is how I was 
trained—which makes me the odd-one-out within the 
legal community as well. 
 
I was asked to speak about sustainable investment, 
human rights, and the right-to-food, and this is coming 
in the panel focused on risks in the supply chain. I 
have to admit that I was a little bit puzzled at first 
trying to think about the links between my topics and 
risks in the supply chain because I see things like 
human rights and right-to-food as permeating all of the 
global food system and systems, rather than just being 
a supply chain issue, but I will focus my discussion a 
little bit on the supply chain aspects of that. 
 
Starting with sustainable investments, there are a 
couple of risks that you can think about. One very 
basic risk is that we won’t get enough investment that 
we need for the future. And there are all sorts of 
numbers and figures about how much investment we 
might need in order to increase food production to 
meet expected demands in 2050. As we heard 
yesterday there are numbers about how much 
investment we might need for climate smart 
agriculture. One risk is simply that we won’t get 
enough of that investment. But I don’t think that that is 
a very interesting question. 
 
A more interesting question and a more pressing 
concern for me is that perhaps the urgent need to 
increase investment is incentivizing, in certain cases, 
the wrong types of investment for that context. 
 
I think everyone agrees that increased investment in 
agriculture is very important, but the types of 
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investment needed, particularly in certain places, is 
fiercely contested, and a lot goes back to the polarizing 
debate around different models of production as well—
large-scale or small- scale—and the role that the 
private sector versus public sector should play in 
investment are all things that are hotly contested. 
 
Marc [Levy] yesterday, when he was presenting, had a 
slide that talked about different policy efforts to 
address climate change concerns, and one of the things 
that I noticed on the slide that he didn’t talk about was 
land grabs. He had noted land grabs because of food 
security concerns—increasing investment in land, 
particularly in low and middle-income countries in 
order to address food security concerns either in those 
countries or in other countries. 
 
And so I’d like to talk a little bit about that because 
that’s an issue that I focus on a lot. And I think it’s a 
particular risk in that it tends to increase the types of 
investment that we might not want in certain places. 
One really quick note about language is that large-
scale land acquisitions can be described as acquisitions 
of large parcels of land by countries, government 
entities, or by private investors either through 
purchases or through long-term acquisitions—through 
long-term leases, so leases of 30, 50, 99 years. The 
reasons for large-scale land acquisitions have been 
debated—there are a lot of drivers that people 
discuss—and I’m already running out of time—but I 
think that one of the things that people have in their 
mind around large-scale land acquisitions is that 
there’s a lot of unused or marginal land in places. The 
World Bank had a report a few years ago where they 
listed the amount of marginal land that would be 
unused but suitable for agricultural investment, and 
found that there were there were 445 million hectares 
of land that would be suitable around the world for 
these types of acquisitions. 
 
However, research has showed that investors are not 
very interested in marginal lands. They’re interested in 
good land. And so most of the investments so far 
through acquisitions have arisen in places either where 
cropland is already in production and where people are 
relying on that land, or in forests. This has clear risks 
both for the people who rely on the land, who might 
not have very secure tenure rights, and it has risks for 
the environment, because if they’re not moving into 
land where people are already farming, they’re moving 
into land that’s forested and can be quite problematic 
when they start razing the land for large-scale 
production. 
 
[32:12] There are a number of other human rights risks 
related to land acquisition. I spoke at a seminar a 
couple of days ago and spent about 25 minutes listing 
all of the human rights implications I could think of 
and providing examples of these scenarios around the 

world, and I’m happy to talk about those during the 
question period because I don’t have enough time to 
get into that now. These risks can range from forced 
evictions to loss of productive resources to, in the most 
extreme situations, loss of life. There have been a 
number of murders around the world of land defenders 
and human rights defenders, including related to 
increased commercial pressures on lands because of 
land acquisitions and other types of efforts to invest in 
that way. 
 
I’m going to shift very quickly to the right to food 
perspective on sustainable investment and on the 
global food system. I think that perhaps the greatest 
risk from a right to food perspective is the focus on 
simply supply side solutions to addressing hunger 
needs. We talked a little bit about this yesterday. There 
is the question of whether our global agricultural 
system is broken or our global food systems is broken. 
When I talk about the global food system, generally I 
often say that it is “in crisis.” 
 
That’s because if you think that the global system is 
meant, at its core, to address the hunger needs of 
people, both now and in the future, we see that we’re 
not doing a very good job of that. 
 
We are producing enough food for every man woman 
and child, yet we have over 800 million people who go 
to bed hungry every night. [Updated by Cordes after 
the conference: “approximately 800 million people”] 
That depends on how you count it, some people would 
say 1.33 billion people who are going to bed hungry 
every night. We waste 30-40-50% of the food that is 
produced. 
 
This is because hunger is a question not only of food 
production, but also of poverty, of inability to access 
food, of political crises as well as conflict. And so if 
we only focus on increasing food production, we’re not 
going to get where we need to be to address the main 
needs that the agricultural system is supposed to serve, 
which is feeding those who need food. 
 
Panel 5 Discussion 
 
[34:30] Calum Turvey: Just a comment on what 
Wolfram presented, for those who have been working 
on index insurance, that graph, we’ve found the exact 
same thing, we’re trying to put together a spline [xx] 
function. It goes up like this and then flap flap flap flap 
flap, and then down. 
 
This is a really important result because there’s a huge 
range of weather and climate variability [xx] and that’s 
exactly the graph we have found. 
 
Any kind of index insurance should as a matter of 
course just be targeted at the absolute extremes. Those 
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that are highly correlated with observable damage to 
the croplands. A lot of the failures that Dan [Osgood] 
was talking about yesterday in terms of index 
insurance, particularly in India and some places in 
Africa, is that in order to get higher payoff, they go 
closer and closer to the mean, but of course nothing 
happens because it’s flat along that top. We don’t 
know exactly what that production function looks like. 
That’s just a comment that we’re finding that exact 
same plateau type function when it comes to the 
weather variability and the crop yields. 
 
[35:50] Shenggen Fan: On biofuels and climate 
change shocks, if the biofuels shocks a system the 
same magnitude every year for five years, it’s not 
shocked anymore. It’s a new normal, right? [xx]. The 
storage, yes, storage plays a huge role here to deal with 
variability over time. That’s something that we have 
not looked at very carefully. Too much stock obviously 
is costly and it also [?] market. But too little wouldn’t 
help much. My worry is the shock from the biofuel is 
not just 5%. It’s very much linked to the oil price. The 
oil price goes up and down, up and down, could be 
5%, could be 1%, could be 10%. So I would be careful 
with that. We have to do more. 
 
[36:53] Steve Pacala: I’m curious about why more 
embassies around the world have not followed the U.S. 
lead in Beijing to produce a monitoring network on top 
of their embassy and then publicize what the health 
risk is. It seems to be a public good. I understand it can 
antagonize the host country. I actually know the 
calculus that went into that because I was heading the 
academy group that was designing a verification 
system for a climate treaty that put that thing [air 
quality monitoring device] there and kept it there. And 
so it’s not obvious to me that a consortium of countries 
worldwide couldn’t come together to do this in the way 
that dissipated [xx]. I don’t know anything about 
politics—international politics in particular—so if 
anybody knows anything about what the calculus is 
that goes into that decision, I’d really be curious to 
hear about it. 
 
[37:54] Marc Levy: Miguel, I wish you would stop 
apologizing about talking about governance, it’s really 
central. Any deliberative transformation of systems, I 
would argue, entails a transfer of rights—creation of 
new rights, degradation of old rights. 
 
To take a prosaic example, in the acid rain case, the 
way the U.K. got rid of most of its sulfur pollution was 
by breaking the backs of the coal miners. It was very 
brutal and they eliminated former rights entirely. 
 
In the U.S. we made side payments to the coal-mining 
regions. In the long run, the U.K. approach was much 
more effective. They just took coal out of the 
equations. They switched to natural gas. It’s a much 

more stable equilibrium. But there’s no way of 
avoiding the challenge of contesting the rights and 
politically working out a new equilibrium. There’s a 
tendency in a lot of what we talk about to kind of 
sweep that under the rug, and act as if the search for 
the new equilibrium is a technical search, but it’s very 
political. And I think that in the long run, being more 
upfront about it—it will be nastier—but I think it will 
be more effective. 
 
[39:33] I think, just briefly on Steve’s question, I think 
you’ve already said why they don’t do it. It triggers 
embarrassment, and diplomats are charged with 
reducing embarrassment. And they selectively take on 
embarrassment if it meets a very high level goal. So 
the trick is to figure out a way to get a high-level 
agreement. Historically, there are lots and lots of 
precedent for this. The collection of data on what’s 
going on for things that matter to us used to be much 
more pluralistic and distributed. I think that a lot of 
people are thinking the challenge of meeting 
sustainability today is going to require data collection 
exercises that are much more pluralistic—public-
private partnerships, citizen science groups, stations on 
embassies. If the embassies can’t do it, then maybe the 
cellphone companies can do it—or maybe just citizen 
groups can do it. In terms of our task, we should be 
thinking about ways to do more of that. 
 
[40:48] John Wargo: Directly related to air quality 
issues, I’ve wondered a lot about variability of air 
pollution across space and time and how to set up a 
research design to look at that. And I think that the 
monitoring in Beijing is a fixed monitor, is that 
correct? So what I did was put a number of monitors 
on Yale’s track team that runs through New Haven. 
They ran along I-95, they ran up the intersection to I-
91, they ran away from that area, they ran away from 
truck routes of New Haven. They took readings of 
PM2.5, 2.5 microns [measuring Particulate Matter, 
particles with diameter of 2.5 microns or smaller] 
every 10 seconds, and the variability across space and 
time of day and climatic conditions was enormous. So 
I just wanted to say that my impression of this research 
was that how you test makes a terrific difference in 
what you find.  
 
How you average those data across space and time has 
a terrific implication for human health. All 
governments are now wondering about how fine a 
particle you should measure. We were measuring this 
2.5 micron size, which you can’t see by the way. And 
most people can’t smell. When the health literature is 
demonstrating that we really ought to be worried about 
the 0.1 to 1 micron size, a far lower diameter that can 
become more deeply inhaled into the lung. This whole 
experience has taught me that the design of a sample, 
which is often dependent on how much money you’ve 
got, and the sensitivity of the equipment and how 
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many monitors you can use to replicate your work. It’s 
controlled politically by even governments at the state 
level in the U.S., municipal governments in the U.S. 
And we tend to only monitor six ambient pollutants 
when there are tens of thousands of different 
compounds that are released in the air on a daily 
basis—some of those are hazardous air pollutants that 
are regulated differently than [xx]. Just a word of 
caution about sampling design. The quickest way to do 
away with the problem is to take away money from the 
EPA or state governments, so that they can’t sample, 
they can’t use sophisticated equipment [xx], just a 
comment. 
 
[43:19] Otto Doering: Let me respond also to [xx]’s 
question on autonomy of farmers. Here I think there’s 
some history that’s terribly important, both as we look 
at the United States and as we look at Europe. 
 
America was the first country to have a national soil 
conservation program. We basically led the world. It 
was done during The Depression. There was a group of 
people during The Depression, which included such 
people as Milton Eisenhower, Rex “The Red” Tugwell, 
Henry Wallace, and a whole mess of other people, who 
were very very concerned about the future of 
American democracy and watching what was going on 
in Europe in terms of the totalitarian regimes. 
 
They decided that the agricultural programs had to be 
democratic, and had to try to stimulate democracy. 
 
The Soil Conservation [Service] program was set up 
[in 1935] on the basis of the model of the state soil 
conservation act, which set up soil conservation 
districts, which were run by elected farmers. The 
Natural Resources Conservation Service [new name of 
the Soil Conservation Service as of 1994] passes down 
budget money to the states. They do set sort of large 
priorities, but the states still have a great deal of 
latitude in what they do. Beyond that, because of the 
Hoosac Mills (1934) decision, the AAA [Agricultural 
Adjustment Act of 1933] was declared unconstitutional 
by the Supreme Court as not being voluntary, as being 
a taking. 
 
The Agricultural Acts of 1936-37 and the Conservation 
Acts at the same time, every program had to be 
voluntary. What that says in the United States is that 
you have to bribe a farmer to do a good thing. And it’s 
the farmer’s choice as to whether they do the good 
thing or not. That exists today. 
 
As someone who has worked in Washington and 
almost got Potomac Fever and believed that when I 
said something the whole country hopped to, I found 
this very frustrating. Washington finds it frustrating 
because farmers won’t do what you tell them to do, 

you have to bribe them. And the cost of bribing is 
relatively high. 
 
The European approach is very different, particularly 
in recent years. 
 
The European environmental laws basically come 
down as mandates, for example with nitrogen, but also 
is tied to the European commodity programs, which 
are essential, given the farm size in Europe and the size 
of the subsidy. And so European farmers are both 
directed—command and control—and bribed. It’s a lot 
easier to get this done. But if you want something that 
respects farmer’s rights, our program does it, but under 
the bribery rule, it’s expensive to get things done. I’m 
happy to sit down with you for three days and explain 
all of the politics of the system. 
 
[46:46] Kaitlin Cordes: I’ll follow up on the rights 
question as well. Right now I kind of straddle the 
worlds of sustainable development and human rights. 
And I find it very interesting because I used to work 
mostly on human rights and when I started working on 
development, I realized how much more difficult it 
was. With human rights, you have international human 
rights laws, you can very easily figure out what 
government obligations are related to that law and then 
you can figure out what the violations are and figure 
out who to yell at. It’s very easy. With sustainable 
development you have a lot of tradeoffs, and it 
becomes a lot murkier and there is a lot more gray area 
and it’s very complicated.  
 
I would say that because international human rights 
law exists and obligations of governments exist under 
that, then any efforts that are taken to change the 
agricultural system of a region or a country by 
governments should meet their [human rights law] 
obligations. But there are ways of thinking about how 
you can respect rights in certain ways while also doing 
what you need to do to develop certain sectors or 
improve them. Even with the example of forced 
evictions, human rights law in general says that forced 
evictions should not happen, they should only happen 
in the most exceptional situations. But if they do 
happen, there’s a process that you should follow to 
ensure that there is proper resettlement, proper 
compensation.  
 
There are ways of thinking about how you can perhaps 
take actions that do harm certain people in certain 
situations when it’s absolutely necessary but then to do 
it in a way that respects their human rights to the extent 
possible as well. But with large-scale land acquisitions 
that are happening right now, not all of them constitute 
land grabs. We can talk about what the difference is. 
But I would say that here we have a situation where a 
lot of tenure rights perhaps are not secure, so land 
rights are being violated, other human rights are being 
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violated but not for any greater good necessarily. If 
they’re being violated to produce food for export, 
that’s then wasted in richer countries. Right now, we 
don’t even have a situation where what’s harming 
people isn’t necessarily helping our problems that 
we’re facing. 
 
[49:14] Erik Chavez: To address the question on how 
vulnerable the food system is to a limited number of 
seeds or germplasm [genetic resources such as seeds or 
tissue that are maintained for the purpose of animal 
and plant breeding, preservation, and research uses]. I 
would answer by—I haven’t worked in a seed 
company but what I know of several seed companies is 
that they do have research facilities spread across the 
world and I don’t want to be an advocate of seed 
companies, it is in their business advantage to have a 
variety of germplasm and this is why as well they have 
research facilities to conserve and exploit the 
germplasm that you would have in Africa and Asia and 
elsewhere. The publicly funded research of the CG 
system [CGIAR—Consultative Group for International 
Agricultural Research], as well is a great contributor to 
this conservation of germplasm. 
 
[50:12] And then to follow up on this question of 
human rights, I think one premise that needs to be 
acknowledged is that the private sector—and it was 
mentioned yesterday—has accumulated a wealth of 
knowledge and as well of financial muscle that today 
makes them central to transforming the food system. I 
think there is a lot of thinking that needs to be done by 
human rights lawyers and sociologists, like yourselves, 
in inventing new regulatory frameworks that will allow 
for innovative public-private partnerships to build a 
more resilient food system. 
 
[51:05] Pedro Sanchez: On the seed base. This is 
where the public sector has done a tremendous job in 
collecting seeds from all over the world, the 
international centers, the universities, and collectively 
we have a vault in Svalbard, Norway, in the Arctic 
Circle, that is the ultimate depository of all seeds. This 
is coordinated with the vault in Boulder, Colorado here 
[in the U.S.], and similar things elsewhere. I think it is 
the public sector is why it’s available to everybody, 
and a darn good job for seeds. Seeds are the result of 
sex. The problem comes with the crops that are 
reproduced vegetatively. It’s bad for them to have sex. 
What happens with, for example, bananas, you get 
about one or two clones around—some trees—we’re 
growing the same tree in just about all the world—the 
same germplasm—varies very little. That’s enormous 
vulnerability. So make a difference. If you have seeds, 
you’re already halfway there because we have sexual 
reproduction, you have variability, you have hybrids, 
you have all this good stuff that we need. But it’s when 
we get asexually reproduced crops or trees that it’s 
where the danger is. 

 
[52:46] Otto Doering: But still Congress is very 
stingy in allocating money to the national seed bank 
[National Center for Genetic Resources Preservation in 
Colorado] and those sorts of efforts. It’s very difficult 
to get the funds, even to maintain the unit [xx]. 
 
[53:07] Pedro Sanchez: I agree. But nevertheless, it’s 
working. It’s been tremendous after the genocide in 
Rwanda in the 90s, to be able to come back to Rwanda 
with a whole set of seeds that they totally lost—and get 
their agriculture moving. Probably something that 
might happen in the Ebola countries now actually. 
After the health scare is over, they’re going to have the 
famine that’s going to come. And a lot of things will 
be lost so I think there’s a reasonable international 
system and [xx] it’s in the public domain. I would be a 
little bit nervous if it were held by one company. So 
it’s in the public domain. And there are problems yes, 
and Congress of course is [xx]. 
 
[54:00] Wolfram Schlenker: I think the Gates 
Foundation stepped in and actually funded [the seed 
bank at Svalbard]. It is I think something to emphasize 
that the public should actually be looking at. 
 
In response to the biofuel. So it’s true that the biofuel 
is a permanent shock, and so obviously players will 
adjust. So part of it to move production or reduction of 
consumption. The only reason why I said it is just to 
put it in perspective. Because sometimes you hear 
people advocate saying that biofuel has no effect on 
food prices. The only reason why I put it in the context 
of the shock is to make sure—it’s so big of a diversion 
that it’s got to have food price impact. We estimate 
around 20-30% increase in food prices due to U.S. 
biofuel mandate. 
 
[54:45] Shenggen Fan: Surprisingly similar to our 
figure 10 years back. 
 
[54:56] Wolfram Schlenker: Yes, and it’s good that 
we confirm. The link [between food prices and] energy 
is potentially very burdensome, because you might see 
if the is economy booming, oil prices go up and food 
prices go up, and it would add additional strain if there 
were a diversion to biofuels [diversion of more food to 
biofuels because of high energy prices]. But right now 
the way it works is that it’s by mandate—in the U.S. 
mandated spending, binding. It’s very simply much 
fluctuation to forces. If it were driven by that [energy 
prices], I would be worried more, but I think right now 
it’s just purely the mandate, that binds to it and sets the 
quantity. 
 
With the storage, this sort of surprised me. For the U.S. 
we have this big fluctuation. We had the ’80s where 
there was a very high correlation, and then in the 90s it 
was much lower. If you look at storage levels they 
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seem to respond fairly good even if you just look at 
average storage level over time. They seem to track the 
variability as if the market really knew what it was and 
very well aware of it. I think those profit-maximizing 
storers are pretty savvy people, so I think you don’t 
necessarily need much government intervention. 
 
[56:05] Pedro Sanchez: The infrastructure for storage 
is there in this country. 
 
[56:06] Shenggen Fan: For U.S., but not in 
developing countries [xx]. 
 
[56:07] Wolfram Schlenker: There are studies that if 
you look at all the ports, they are very connected in 
prices. It just gets bad if you are a landlocked country 
or if you have huge transportation cost inside. 
 
[56:20] Michael Puma: What is the capacity of this 
storage to deal with large shocks? We’re interested in 
large shocks I think. It’s important—multi-year 
droughts in major agricultural regions, something like 
that. 
 
[56:36] Wolfram Schlenker: So there is a rumor that 
this year they’re filling up because this year is like a 
blockbuster year, right? It’s a really good year in the 
U.S. And again extreme heat is the second-lowest of 
the last 60 years. So it fits the model very well. So 
some people claim that people are scrambling for 
storage because prices have been coming down a lot 
and there’s so much extra production. This should give 
us some insight whether people build new storage as a 
response to the shock or not. So I think we will learn 
going forward. 
 
[57:13] Otto Doering: Remember the whole storage 
thing evolved from the fact that after World War II, the 
commodity programs in the U.S. and the target and 
loan rates resulted in the American government 
holding tremendous stocks. This was the world buffer 
for many many years. We had wheat coming out our 
ears. There was an estimate in the 70s that we would 
do much better railcar-ing excess wheat to the east 
coast and dumping it in the Atlantic Ocean rather than 
paying the storage fees. It would be less expensive. 
That was the extent to which we were storing these 
grains. When the commodity programs changed to the 
target prices, then we eliminated the government 
accumulation of storage. Private accumulation of 
storage, however, on farms and in the trade is nowhere 
near the proportion of what we saw when there was 
government storage. And that is still an international 
issue, it is expensive, and no one really wants to bear 
the cost. Farmers will carry over from year to year, like 
a good year from now. But they don’t want to hold it 
forever. 
 

[58:24] Luc Christiaensen: Just to add to that, I think 
we briefly talked about or touched upon the whole idea 
of world storage—the sort of big spikes as you say. 
What’s the role of world buffer stocks? Who holds 
them? Is there a case to be made? It’s just unresolved, 
and that’s what this whole idea of a world market-
mediated food system has built in the 30-year shock. 
As we had in 2007-08, and in the 70s, and you go back 
further and it seems like every 35 years you get a 
cycle, you get a big spike. Now that may be worth the 
price paid, that’s sort of the risk/efficiency tradeoff you 
need to make. But the issue is not resolved. Adding to 
the U.S. [xx] world buffer stock, the same in Europe. 
With all the bad things the European Common 
Agriculture Policy (CAP) has done, the only good 
thing it definitely has done was providing plenty of 
food. If there is such a shortage, basically there are no 
buffer stocks, which the U.S. and Europe basically are 
paying for. In the 2000s, they started building down 
these stocks. China built down the stock also a bit in 
the 2000s—so that actually start in the early 2000s. So 
all these things led up to that food price crisis in 2007-
08 because there were just much less stocks. 
 
[59:50] Wolfram Schlenker: I think part of it is also 
that—I agree with Otto—if you have a lot of public 
storage, it basically crowds out private storage. So then 
that is one concern. And I think one thing that I think is 
a concern too, which just happened recently is that 
when things go really bad, that countries have export 
restrictions. Because that gives you a huge disincentive 
to store. Because the only reason you’re willing to eat 
up the storage cost is that you hope to eventually get a 
reward by getting a high price if things go bad. But 
then if you slam on export restriction, you separate the 
market. You screw the importers like crazy and you 
also discourage storage because you’re not going to 
reap the benefits from storage. So I think export 
restrictions are really dangerous things. 
 
[1:00:39] Luc Christiaensen: Now we have both. 
We’ve needed the public stocks and we have export 
restrictions, because WTO doesn’t do anything about 
it, so we are in both worlds the worse for it. 
 
[1:00:53] Pedro Sanchez: On storage. Africa is full of 
enormous silos, built by World Bank, and places like 
that, and they’re all just about empty. 
 
[1:01:09] Dan Osgood: I just want to keep the focus 
on the pragmatic that the panel has been bringing up. 
Wolfram talked about the biofuels being a mandate. 
We talked about yesterday some of the things like food 
waste or trucking into the sea [Otto Doering’s earlier 
comment that in the 70s it was estimated to be cheaper 
to dump wheat in the Atlantic Ocean than to pay 
storage fees], or in Europe, there’s been additional 
stories about not effectively using food production. 
Having a certain amount of production go to biofuel, 
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when you think about politics in the U.S. or in Europe, 
how much of that is really about biofuel and how much 
of that is keeping the food price up? If that’s what 
really driving the equation, that’s a lever that can shift. 
So long as food prices are at a certain level, we can 
shift the calories between things, we can address a lot 
of things. I think we need to remember that that’s one 
of the key drivers to all these policies, is paying the 
farmers to do what we want them to do, which is 
usually vote for [xx]. We need to always keep that in 
mind when we’re talking about our policy. 
 
[1:02:18] Wolfram Schlenker: At least in the U.S., 
there’s a huge political economy because you have a 
Senate which has two votes per state, and a lot of states 
are rural and so the farmer system—that’s the reason 
why you have to bribe them, because there’s just no 
way you can pass legislation that hurts a lot of rural 
farmers. 
 
[1:02:37] Shenggen Fan: How feasible would it be for 
a biofuel plant to stop production for a year or two and 
then resume production again? 
 
[1:02:44] Dan Osgood: It’s the politics. There are 
practical issues absolutely. But if we’re thinking that 
this whole thing is driven by a climate change mandate 
when in fact it may be driven by using the climate 
change mandate to get payments to farmers, that has to 
be very basic in our discussions of what these issues 
are. 
 
[1:03:23] Tim Searchinger: Wolfram’s model, and 
IFPRI’s model of the impact of biofuels, are all kind of 
medium- to long-term equilibrium models. These are 
predictions of the effects of biofuels after all the supply 
and demand effects shake out. I think they greatly 
underestimate the impact in the shock, because what 
was happening there was huge increase in demand 
very rapidly that couldn’t be met. That was when there 
was a period when the oil price did drive biofuel 
production above the mandated level but that has now 
been limited by the blend wall—there’s a limit of 10% 
of the amount of biofuel that they can supply. So a lot 
of the future depends both on oil prices and whether or 
not this blend wall continues to exist. 
 
So that’s my comment, but my question is to Wolfram. 
 
[1:04:07] I was scared by your sharply sloping down 
curve [graph of corn and soy bean yields vs. 
temperature]. One question is, does it continue to go 
down? How far down will it go? What success have 
you guys had in kind of figuring out, by working with 
crop modelers, the mechanistic, biological roots of 
these effects? 
 
[1:04:36] John Ikerd: Just a brief comment to begin 
with. You know, we talked about—we can’t shift from 

conventional agriculture to sustainable agriculture. I 
suspect we probably already paid more in terms of 
higher food prices, with respect to the biofuels 
program than we would have paid to make the whole 
transition based on the estimates that I’ve seen to what 
it might cost. 
 
In terms of more of a question, you talk about this 
being a “wicked problem” versus a “tame problem.” It 
seems to me that most of the discussion assumes that 
it’s still a tame problem, that we’re still kind of 
tinkering around the edges. We’re not really dealing 
with big issues. For example, I think if you deal with it 
as a wicked problem, you have to approach it from a 
different perspective of underlying principles, and a 
simple example would be that we’re all part of the 
earth. We are one species here on Earth. There are 
certain fundamental laws of nature we have to conform 
to. We didn’t create them. We can’t change them, and 
that the economy is a subset of society. It serves a 
function within society and it’s here to serve society. 
The principles of nature come first. The rights of 
people come second, and any economic rights have to 
occur within that context of the greater good of society 
and the laws of nature. Seems to me that those are the 
kinds of issues we need to think about if it’s really a 
wicked problem rather than being a tame problem. 
 
[1:06:08] Xin Zhang: Just a follow-up question and 
following Tim’s question. So, you show the yield 
response to temperature increase. As we know that like 
in the future climate change you not only have the 
temperature increase but also carbon dioxide 
enrichment. So, crops have a complex response to 
those changing factors. Some of the FACE 
experiments [free-air concentration enrichment] shows 
the increasing of the productivity but later might limit 
it by the nitrogen availability. But, it might not be the 
case for cropland because you can adapt more by 
adding nitrogen. My question would be, how much do 
we currently understand about the crop response to the 
different factors: CO2 enrichment, temperature, and 
precipitation changes. And how much do we 
understand the uncertainties in the yield change? 
 
[1:07:35] Shenggen Fan: Access to food is a basic 
human right. As a lawyer, could you advise us how to 
do it? In India, they introduced this food security act 
[India’s National Food Security Act of 2013]. I firmly 
believe that access to nutritious food is a human right. 
How can we achieve that? Not necessarily just to give 
food to everybody free. Economic development, 
income, jobs—all of this matters—together with a 
transfer program. Can you advise us? Is it feasible to 
have some sort of international, or global legislation, 
or global declaration in which access to nutritious food 
is a basic human right? 
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[1:08:58] Kaitlin Cordes: The right to food is already 
codified in international human rights law, which 
means that it’s in treaties that are binding on 
governments, and governments have certain 
obligations to protect that right, to respect that right, 
and to fulfill that right. It’s very easy to think about 
how governments can meet their first obligations to 
respect and to protect. Because what that means is that 
governments should not interfere with people’s 
existing access to food, and they need to protect 
peoples’ existing access to food from the actions of 
third parties. In the example of large-scale land 
acquisitions, you could say that governments need to 
ensure that they are not leasing away the land on which 
people rely for their livelihoods or for their own food 
production, and they need to stop third parties from 
coming in and taking away that food. If they are going 
to allow that, then they do need to take certain steps to 
ensure proper compensation in that people’s 
livelihoods are not negatively affected. 
 
The question of fulfilling the right to food becomes a 
little bit more difficult, because that’s where the 
government needs to take steps to progressively try to 
realize that right by improving livelihood opportunities 
so that people can earn the wages to buy their own 
food. In certain cases, by thinking about transfer 
programs, although at the human rights level, the right 
to food is not necessarily the right to be fed. It’s the 
right to feed yourself, either through earning enough 
wages to be able to buy that food or by producing that 
food itself. 
 
I think that some of the things governments can do at a 
national level are things like what India has tried to do. 
India has had a number of setbacks I think because 
there’s a lot of other political issues, corruption issues 
that arise in terms of how they’re actually able to 
implement what they need to do. But even with the 
right to food litigation that you’ve have seen in India, 
some of the things that have come out of it have been 
the school feeding program, which has been quite 
useful for children going to school to make sure that 
they get at least one hot meal a day. But there are also 
other things that have been linked to it like the 
National Rural Employment Guarantee Act (2005) [in 
India], which guarantees I think it’s 100 days of 
employment for rural people, which is not directly 
linked to food, but really it is because it allows people 
to earn the wages to buy food themselves. And so you 
see at national levels, there are ways in which you can 
create framework laws to help assess good policies that 
governments are going to undertake that relate to food 
access, and to create policies to help guide decisions 
around things that will affect food access. Brazil has 
done some of this as well, creating a right to food 
framework law and some of their programs under that. 
 

At the international level, I think it’s a little bit more 
complicated because we already have this right to food 
that’s in international human rights law but it’s very 
hard to enforce it in practice at the international level. 
There are different processes at the UN where you can 
complain about right to food violations, but it takes a 
very long time. It doesn’t have the teeth that a lot of 
other international legal processes have, like 
investment protection treaties. And then you see a lot 
of non-binding resolutions at the General Assembly. 
Every year the General Assembly now has a non-
binding resolution on the right to food that talks about 
access to food. It’s really important for showing the 
political will and commitment to at least think about 
this problem. Whether that moves forward the 
implementation of it all, that’s an open question I 
think. 
 
[1:12:41] I think the other thing that you can think 
about though, is there are a lot of principles around 
different ways that private sector actors and public 
actors address certain issues like the principles on 
responsible agricultural investment. Thinking about if 
you can include human rights norms within those types 
of principles—that’s another way of providing 
guidance at international governance level to at least 
try to push actors to move towards a more rights-
perspective approach. 
 
[1:13:10] Shenggen Fan: I’m not a lawyer but 
sometimes we’re confused between the goals and the 
instruments. To me the goals is: I don’t care, your 
government is responsible to give everybody, every 
citizen in your country nutrition, health. I don’t know. 
I don’t care what you do, whether you give them 
money, give them food, or help them find a job. Or 
help them find a—I would not mess up with different 
instruments on that issue or other issues. I want to 
make sure of final goals. That’s it. Can we push the 
goals instead of different kinds of instruments? 
 
[1:13:50] Kaitlin Cordes: The right to food is in 
international law. There is a specific definition that is 
tied to it. Most governments have obligations to the 
right to food. It depends on whether they’ve ratified 
the International Covenant on Economic, Social and 
Cultural Rights [1966 UN treaty] or if you argue—
sorry this is getting a little bit lawyerly—but if you 
argue that the right to food is part of customary 
international law, you can say any government even if 
they haven’t ratified a treaty that codifies that right still 
has obligations around it. I would make that argument, 
so for example, the U.S. government has not ratified 
the Covenant on Economic, Social and Cultural Rights, 
I would argue that the right to food is part of 
customary international law right now and they do 
have obligations because of that. 
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The issue is that human rights law is very powerful in 
some ways but very weak in other ways. In countries 
that have specific right to food legislation, you can use 
that to bring litigation to bring different types of 
claims. In other countries that might be amenable to it, 
you can also do that—like India doesn’t have the right 
to food in its constitution, but it has the right to life in 
its constitution, and the [Indian] supreme court has said 
that the right to life includes the right to food, so you 
can require certain types of programs because of that. 
The international governance system is just somewhat 
weak when it come to actually implementing and 
enforcing human rights issues. 
 
[1:15:30] Unknown questioner: Just wondering, what 
are the important mechanisms? Because even if you 
have beautifully written law on access to food, what 
important mechanisms—perhaps at a national or 
international level—are there to enforce this kind of 
law? 
 
[1:15:44] Kaitlin Cordes: At the domestic level, it 
depends on how it’s written into the law and how 
justiciable it is. And so you have seen litigation around 
right to food issues in certain countries like in India. 
That can result in governments taking certain steps that 
they would not have taken otherwise, like the school 
feeding programs in India that weren’t in existence 
before, but then were mandated because of that 
litigation. At the human rights level, there are a couple 
different places where you could bring human rights 
concerns around the right to food. But in terms of how 
enforceable decisions are about that, that is where the 
gap is really.  
 
You can bring concerns to the committee that oversees 
the treaty that codifies the right to food and they can 
investigate and make recommendations, but they can’t 
really force the government to make any changes. You 
can bring those it up at the universal periodic review, 
which every country has to go through around all of 
the human rights violations that people allege 
occurred, and that’s a way of shaming governments at 
the international level, but again it doesn’t necessarily 
change anything. I think maybe one of the more 
promising avenues is something that’s new and hasn’t 
been tested yet, but it’s the Optional Protocol to the 
International Covenant on Economic, Social and 
Cultural Rights (OP-ICESCR). And what that will do 
is it will allow a much stronger investigation, a more 
robust investigation by the committee that oversees 
this covenant to look at rights violations and to make 
recommendations to governments to change. This is 
something that entered into force I think last year so it 
hasn’t been tested yet, and whether it will actually 
make changes occur is still a question that remains 
open. 
 

[1:17:42] Barbara Ekwall: I was dealing with the 
right to food, first in the Swiss Ministry of Foreign 
Affairs when the guidelines were negotiated and at the 
FAO, so I would like to come back relating to the 
guidance that is provided at international level. I think 
that we have the instruments out there, both the legal 
instruments and the political commitments, the Global 
Plan of Action, the Global Strategic Framework for 
Food Security and Nutrition (GSF) that the CFS [FAO 
Committee on World Food Security] has adopted. 
There are a number of instruments out there.  
 
There is a practical tool that I would like to mention. 
That’s the Voluntary Guidelines on the Progressive 
Realization of the Right to Adequate Food in the 
Context of National Food Security, that’s the complete 
title. It was adopted by member countries of FAO in 
2004. They are voluntary, but through the advocacy 
and information activity that followed, a number of 
countries became more comfortable with the right to 
food and started implementing the right to food. These 
guidelines provide practical guidance in about 18 
different policy areas ranging from governance to 
legislation institutions, nutrition, education, and so on, 
food aid. They mention what can be done to promote 
the right at the practical level. 
 
You are not talking about 805 million court cases, but 
actually to implement the right to food and not having 
violations coming up in the first place. 
 
When it comes to enforcement, there are a few cases 
and you mentioned that sometimes the right to food is 
linked to the right to life. There is one case in 
Switzerland, for example, where the supreme court has 
ordered that the social services should provide aid to 
Czech immigrants who came to Switzerland and were 
not allowed to work and did not receive any support. 
There is a case in Canada. Also the interim orders by 
the supreme court in India, they ordered the 
government to use some stocks that were available to 
combat the hunger situation that emerged in Orissa 
[eastern Indian state]. Now it is interesting because 
right to life is civil and political right—immediately 
applicable. Economic, social, and cultural rights are 
progressively applicable, depending on resources that 
the country has. But when the right to food becomes 
the right to life it becomes mandatory. These are just 
some of the comments that relate to the practical 
implementation. The right to food guidelines were 
reviewed by the CFS last week, so I’m still looking for 
the results of that implementation. But the guidelines 
are there, the practical tools are there, and what we 
need to do is to implement. 
 
[1:20:43] Erik Chavez: Recent events have shown 
that access to food has been used as a weapon by some 
political leaders to starve their own population. How 
the international legal frameworks can be linked to 
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[xx] intervention to solve these questions of political 
leaders using starvation as a weapon against their own 
people? 
 
[1:21:44] Kaitlin Cordes: I’ll try to answer this really 
quickly so that we can get back to the three 
outstanding questions. I think it’s actually a difficult 
question to answer because it’s very clear that 
governments that are withholding food to control their 
citizens is a violation of right to food. That’s very 
clear. Linking it to intervention on the part of the 
international community is much less clear. Just from a 
pragmatic political perspective, I think it’s really hard 
to think about when governments would be willing to 
do that. 
 
And then from a legal perspective too, I think you have 
some tricky maneuvering to do to think about when 
that would even be allowed from an international law 
perspective. 
 
So with our few remaining minutes I think we can turn 
it back to the questions that were posed by the three 
colleagues sitting over here. 
 
[1:22:39] Wolfram Schlenker: To Tim’s question. So 
very briefly, we find it surprisingly robust whether we 
look at one location, or we even look across locations’ 
average climate, so it seems to be that it’s very hard to 
adapt to. The idea is when you compare something 
year-to-year shocks, whether you compare average 
yields across the U.S. with average amount of extreme 
heat numbers, you get exactly the same response 
surface. We would have expected that in the cross-
section you would have gotten a flatter one because 
people adapt. But we don’t find that empirically. 
 
So how far does it go out? I mean at some point it gets 
out of sample. But there have been other studies, like 
[Stanford agricultural ecologist] David Lobell has re-
done this for Africa, and he found it’s hotter. He finds 
very similar response surfaces there too. It seems to be 
something that seems to be biological, and hard to 
adapt to. 
 
In terms of the crop models, we have partnered up with 
Graeme Hammer who is an agronomist in Australia 
and ran some of those extreme heats through his little 
crop model, and they come out to find a similar slope 
to what we found statistically. I think I’ll defer to 
Pedro much more on the agronomic basis for why this 
and how this goes—it depends on C3 and C4 [carbon 
fixation] crops and water deficiency, but I think you 
(Pedro) would be much more qualified to answer this 
than me. 
 
[1:23:58] Tim Searchinger: How much of this is a 
fluctuation from whatever is the normal level and how 
much is an absolute temperature? So in other words, 

obviously, crops are always adapted, at least to some 
extent, to very local conditions and they have different 
maximum temperatures. What I think I hear you saying 
is that wherever they happen to be, that jump in 
temperature, relative to their normal condition seems 
to have a shock. But I think I’ve also read your stuff 
that says there are kind of certain absolute thresholds 
that have a big impact. 
 
[1:24:40] Wolfram Schlenker: The latter. It’s the 
absolute threshold. So the surprising thing is that in the 
cross-section, the fluctuations and the averages 
actually have the same response. So that’s what 
surprised us. 
 
[1:24:41] Otto Doering: If you are using a biologic 
and physiologically based crop model, you get 
different answers from the carbon accumulation model. 
And in the biologically and physiologically based 
models, you can identify certain things that are 
happening. For example, one of the things we’ve done 
is looked at high temperatures for corn and then add 
irrigation. There’s a point at which the irrigation does 
nothing for you because the ability of the plant to 
transpire is limited. It literally cannot keep the leaves 
cool, no matter how much water you apply. You get 
very definite sort of plunge thresholds in the 
biologically based models that you don’t get in the 
carbon accumulation models. I personally believe in 
the biologically based models—CERES-Maize, 
SOYGRO—those sorts of thing. But there are things 
that happen that really plunge. 
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[1:25:49] Pedro Sanchez: We talk about high 
temperatures. I think we should focus on high night 
temperatures that are making the plant respire more 
and lose a lot of the photosynthesis during the daytime. 
High day temperatures themselves are not necessarily 
bad. The critical thing is the high night temperatures. 
 
[1:26:15] Otto Doering: Yes, particularly during 
pollination. 
 
[1:26:28] Pedro Sanchez: Oh absolutely—that’s—
sure. 
 
[1:26:32] Erik Chavez: Connected to what Otto just 
mentioned and several studies. Earlier the study by 
[David] Lobell was cited was in southern Africa. 
However, the literature on the responses of crops, in 
particular the literature on mechanistic crop models, as 
they are called, on responses of different crops to 
various weather and environmental stresses are 
concentrated on temperate areas. These models have 
been, not so much have been calibrated based on field 
experiments in tropical areas where the physiological 
responses of crops vary very much compared to what 
they are in temperate areas. This is I would say an 
important gap in the research that limits our ability to 
assess a response of the food system in the tropical 
areas, of generally poorer areas as well, and varying 
weather extremes. 
 
[1:27:45] Marc Levy: A couple of people brought up 
complexities that make more intricate some of the 
challenges that we’ve been talking about. The issue of 
CO2 fertilization, or the nuances of space and time 
variation and exposure. Empirically, when you have 
interdisciplinary communities trying to apply their 
knowledge to help manage complex systems, they go 
through a kind of life cycle, where they first 
experience the complexity of all of these challenges, 
and then they self-consciously decide to winnow away 
the complexity and focus on a few narrow things. It’s a 
political choice. They simplify in order to achieve 
results. In the sustainable agriculture space, I don’t 
think that we’re anywhere near that point in the cycle 
yet. We’re still mired in this complexity and a sign of 
success will be when we kind of agree to shed some of 
that. 
 
[1:28:54] Wolfram Schlenker: Just very brief, we 
have a grad student talking about the space—it’s 
different, it’s not agriculture—it’s pollution in China. 
One think I think sometimes you can do very tricky 
things that are just—I was very impressed by what she 
did. In China in Beijing, they now have a driving ban 
based on the last digit of your driving license. And it 
turns out that the number 4 is an unlucky number. So 
whenever 4 is in the ban, there are more cars on the 
road. So you see that on 4 days, there is more 
pollution, there are more calls for hospitals and all 

those things. So you actually do get space on all kinds 
of variation just from the effect of the unlucky number 
symptom.   
 
 
Panel 6: How can we repair damage, or 
prepare for uncertainties? 
 
Miguel Centeno, Princeton University, Conference 
Co-Director/Co-Host, Musgrave Professor of 
Sociology; Professor of Sociology and International 
Affairs; Chair, Department of Sociology; Director, 
PIIRS Global Systemic Risk Research Community, 
Princeton University 
 
Complex systems and risk, social order, 
interdependent rules and institutions that allow 
interaction 
 
First of all, thank you again everybody for 
participating in this. My talk is not necessarily—not at 
all, actually, except for one final slide—on food. What 
I thought I would do is just give us an overall vision of 
what the global systemic risk project is, and then we 
can start grafting how food—I think you’ll agree that 
food fits into a lot of these issues. 
 
We start with an immodest claim of the paradox of 
modernity, and basically we’ve gotten much more 
efficient. We’ve gotten much better at doing what we 
do. We’ve become much more connected. We have 
increased capacity for aggregation and control. But the 
side of that—this follows John’s [John Ikerd] 
comments yesterday—is that we’re growing 
increasingly dependent on each other, and we have this 
greater social vulnerability. 
 
So we are essentially paying for our wealth with 
fragility. We’re paying for our wealth with mutual 
dependence. 
 
We have this increasing complexity of global flows, 
and this leads to systemic fragility. We have a large 
number of interacting components, we have critical 
thresholds in just about every single flow. We’ve got 
adaptability to random disruptions, but, and here 
comes the problem, highly vulnerable to widespread 
failure, near total dependence on global flows, and 
catastrophic consequences of breakdowns of flows. 
 
Particularly we have something that we’re calling 
“emergent risk,” and let me tell you a little bit about 
what we mean by this. By emergent risk, we mean that 
it’s the danger of being an apple in the barrel. That is, 
it’s the dangers that come not from any particular 
characteristic of any of the apples in the barrel, but by 
being in the barrel together, this produces conditions 
which are unpredictable, which make the system very 
vulnerable to small perturbations, and cannot be 
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predicted: it’s non-linear. And this risk is one that 
we’re running as we’re increasing the number of 
networks, as we’re connecting networks together. 
These networks even though they might be fairly 
resilient in and of themselves, when you start linking a 
whole variety of networks, they become less 
resilient—this is a basic finding from network theory. 
 
And we’re interested in all sorts of domains, from 
shipping lanes, to air traffic, information flows, 
financial capital flows, fuel and energy, water, and 
obviously food and agriculture. 
 
[2:41] One of the things we want to do as we have 
conferences on these various domains, is to have 
people come back and come to conferences that are not 
necessarily in their domain so they can see whether 
their particular domain fits into this broader image. I 
suspect—and this is what I’m finding after a year-and-
a-half of doing this—that many of the people who are 
working on these various things are using the same 
verbs, it’s just different nouns. That the sentence 
structure in the sense of what we’re trying to figure out 
and the problems are very very similar, whether we’re 
talking about dollars, whether we’re talking about 
corn, or whether we’re talking about oil. And we can 
learn a great deal from each other. 
 

 
 
The perspective is a network of networks. And again, 
because it’s a network of networks that lends itself to 
greater and greater fragility. We can see—I’ve been 
doing this for about 10 years, it’s been a sideline of 
mine—of trying to figure out the world’s plumbing. If 
we think about the global flows that are linking, and 
we start thinking about all these—or heating. If you’ve 
ever been into a massive skyscraper and you go look at 
their heating and air-conditioning system. Well 
imagine that worldwide, and imagine that also as a 
series of arrays. You have food—and by the way, if 
you want to map out food trade, we have this, I can tell 
people how to get to it, we have a little tool that allows 
you to map food trade. We have shipping lines, we 
have networks, etc. How do all of these combine, and 

how, in the process of combining them, do they create 
risk? 
 
So we want to know whether this systemic risk, 
whether this emergent risk is real? This is against 
every single principle of my discipline that no longer 
does any kind of descriptive work, because everything 
has to be causal. We’re taking one step back and 
saying, “Before we start figuring out the causality, let’s 
actually try to find out what is going on.” To what 
extent is this system paying for this efficiency with this 
fragility? And then, hopefully at the very end, come 
with some kind of prescriptive policy analysis: are 
there policies, are there regulations, are there 
mechanisms in order to mitigate this? 
 
What we have found so far is a whole bunch of 
commonalities in a sense across all these various 
domains. You have specialization of production versus 
subsistence and self-sufficiency. So that’s what’s 
driving a lot of this—is this increasing pressure to 
specialize. We’ve taken Adam Smith at his word and 
we’re all now just making little parts of the pin as it 
were. Again, this is driven by efficiency reasons but it 
has its dangers. The comparative advantage, again, this 
idea that the specialization is the great invention in a 
sense of modernity. To some extent, all these systems, 
whether its fuel, whether its internet, whether its food, 
whether it’s whatever, is suffering from, or gaining 
from, this great specialization, but also possibly 
suffering from it. 
 
You’ve got a diversity of consumption. So now 
individuals are consuming and demanding a broader 
basket, which means that the plumbing gets even more 
complicated. My favorite example of this is I still 
remember, when I was an undergraduate, even as a 
graduate student, if you traveled to Europe, you would 
bring back Toblerone for people. Now you can find 
Toblerone in the 7-Eleven somewhere in Topeka. In a 
sense our basket that we’re depending on has become 
much more complex. What we consider as basic needs 
have become much more complex and much more 
demanding. We have much less on reserve. Their 
whole principle—I got an MBA before I got a PhD, 
and one of the principles that I learned was 
maintaining low inventory, just-in-time inventory is 
the dominant theme in business. This what keeps 
FedEx in line. You don’t want to keep any kind of 
reserve. You can think about this in terms of fuel or 
you can think about this in terms of food or capital 
reserves that banks are forced to have. 
 
That is that we’re forcing the system to ever be more 
efficient, to always depend on the continuance of the 
flow, and any disruption of that flow can’t be backed 
up by some kind of reserve. And we have increasing 
reliance on technology and this interconnectedness. 
The speed of propagation, of contagion, of dependence 
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has become much much higher. 
Because any kind of news, whether it’s 
good or it’s bad, can flow very very 
quickly. Any kind of disruption. My 
favorite example of this is the 
unpronounceable volcano in Iceland. 
When that goes off in 2010, it not only 
just disrupts the North Atlantic air 
highway, but actually leads, within 
about eight hours, it starts leading into 
flight delays all the way into South 
Asia. So this ability of the system to 
re-establish autarky in times of need 
has gone down. 
 
[7:43] We also have human 
constraints. There’s a belief that 
tomorrow is just going to be like 
yesterday, or, as it happened before 
2008, even better! The hubris and 
confidence of knowledge and education—we believe 
that we can understand all of these systems. My 
colleagues over in Fisher Hall in the economics 
department still believe absolutely that their models 
respond to anything and that 2008 was an unfortunate 
blip. You’ve got selfish behavior to withdraw from 
networks in times of risk. We’ve talked about this with 
food crises, when you put on export controls. So when 
you get times of risk, when you get times of crisis, you 
don’t come together. Actually, everybody starts trying 
to get their own lifeboat. This leads to very very quick 
contagion and dispersal of danger. 
 
You have a difficulty modeling. Herbert Simon talks 
about bounded rationality. I think even with all our 
great data management and data hunting, there is a 
bounded amount of information that we can absorb. 
Looking at the system, the system has become much 
more complex than our ability to understand it. We 
have difficulty measuring and agreeing on metrics. 
 
Individuals and organizations don’t understand time 
scales. The discount ratios are completely off. 
 
We have about a three-month discount ratio for life 
and yet we have a planet that we can’t escape from. 
There’s moral hazard and of course there’s always 
malfeasance, and I should add, my ex-professor Juan 
Linz said social science errs by not including into its 
equations human stupidity. We have malfeasance and 
stupidity. Errors are going to happen and this system 
can’t be very stable. 
 
My favorite example of how these systems 
communicate is this link—now, correlation is not 
causation, but sometimes you want to make it so—if 
you look at the relationship for example between a 
food price index and the kind of social revolts that 
we’ve seen over the last 10 years. Here’s just one 

example of how one perturbation in the system, one 
change in the system—the increase of the price of a 
particular commodity—can lead to this kind of social 
chaos for which we’re not ready. And on that happy 
theme, I’ll stop. Thank you very much. 
 
Stephen Pacala, Frederick D. Petrie Professor in 
Ecology and Evolutionary Biology, Director, 
Carbon Mitigation Initiative, Princeton University 
 
Ecological structure and function, carbon cycle, 
greenhouse gases 
 
[10:08] I’ve got a relatively limited objective here. 
What I want to do is to talk about climate change and 
the role that managing agriculture and the food 
network can have in mitigating climate change. In a 
nutshell, how little, from a global perspective, there is 
to gain, and how much we potentially have to lose. 
 
The easiest way to figure out how much mitigation 
potential there is, is to simply look at how much the 
development of the agricultural system has done to the 
global warming problem since we got started—most of 
this happened since 1861. 
 
And here are some numbers. There have been about 
160 gigatons of carbon from all sources of land 
clearing in that 150-year period. To put that into 
perspective—I use gigatons of carbon—think about 
global fossil emissions as being about 10 gigatons of 
carbon [annually], and global land-use emissions, as 
currently being about 1 or 1½ gigatons of carbon 
[annually], so 10 units and 1 unit for fossil emissions 
versus land-use emissions. This is 160 gigatons. It’s 16 
years of current emissions. It’s about that amount. So 
this is a substantial number, but it is not a titanic 
number.  
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So 66 gigatons of this are because of timber cutting on 
the 1.3 billion hectares of secondary forest—that is 
forest that was cut down once but allowed to regrow. 
There’s 2.5 billion hectares of primary—that is never 
cut down forest still left, so 2/3 of it. 42 gigatons were 
because of tree removal from forests converted to 
cropland. There are about 1½ billion hectares of 
cropland worldwide, maybe 1.6 billion hectares now. 
50 gigatons of carbon from cropland and pasture soils 
because the soils became degraded when we used 
them. And there are currently 3.3 billion hectares of 
pasture. And as I said 1.6 billion hectares of cropland. 
 
Roughly one-third of historic global warming was 
caused by land-use change. Very rough terms, about 
one-third of global warming has been caused by it. 
Now I find that even very sophisticated audiences 
sometimes get confused about how land-use change 
causes emissions and how it can mitigate them. So it’s 
really useful to keep a very simple cartoon in your 
mind. 
 

 
 
These diagrams show how much carbon a hectare of 
land stores, and these are averages worldwide. It’s a 
productivity-weighted average, alright that we took 
from a model data [fusion]. They’re also the roundest 
numbers that I can come up with. 
 
 So, primary forest, never been cut down forest, has 

about 200 tonnes per hectare above ground and in 
the vegetation, and 100 tonnes in the soil. 

 Grassland has a small five tonnes—almost all the 
carbon in the biosphere that’s living is wood, or 
used to be wood. And 150 tonnes below ground, 
(this is bigger). 

 Pasture has about nine above ground and about 125 
below ground. 

 And cropland has a paltry two above ground and 75 
below ground because a lot of the carbon gets 
aerated from the continual turning of the soil and 
other things. 

 
Now if we take [one hectare of] a primary forest and 
convert it into a cropland, that represents, after all of 
the dynamics take place, a one-time transfer of 200 
minus two: 198 tonnes of carbon [from vegetation] to 

the atmosphere and 100 to 75: 25 tonnes of soil carbon 
to the atmosphere. 
 
If we convert grassland into a cropland, you get [a one-
time transfer into the atmosphere of] three [tonnes 
from] vegetation and 75 [tonnes from] below ground. 
 
If you go other way and take, say a cropland and turn it 
back into forest, you have a one-time transfer [of 198 
tonnes of carbon] from the atmosphere back onto the 
land surface. 
 
So all this talk about growing trees, and they 
eventually fall down and the carbon goes back into the 
atmosphere: Forget all about that. It’s all about the 
biosphere gaining or losing weight once in the transfer. 
Those dynamics take a long time, but that’s the way to 
think about it. 
 
Managing the land gives you a one-time transfer of a 
bulk of carbon and it’s just the weight gain before-to-
after or the weight loss before-to-after. 
 
You can use all of this to figure out what the global 
potential is for mitigating carbon dioxide build-up in 
atmosphere by changing land-use. And the numbers 
are just not very impressive. It depends on how you 
look at it, I suppose. 
 
If you drove tropical deforestation to zero, you remove 
something like 1½ gigatons of carbon per year, of 
emissions, which is about 15% of emissions, might be 
closer to 10% now because that number has gone down 
a little bit. So this is either a big number or a small 
number, depending upon how you look at it. From my 
perspective, what it means is that this is an order of 
magnitude down from the primary culprit—primary 
culprit is of course fossil fuels. If you dicker with this 
instead of dickering with fossil fuels, you’re dickering 
with a low-order part of the problem. And that’s a 
problem. You’re not going to solve the problem this 
way, but it is material. On the edge, right? So it’s an 
order of magnitude down. 
 
Restoration of cropland and pasture soils would 
remove a total of 50 gigatons of carbon emissions, a 
one-time transfer. That’s roughly five years of current 
fossil emissions, [and] would represent 25 parts per 
million in the atmosphere [2013 CO2 level was 
400ppm with 1ppm ~ 2.13 gigatons]. Whereas fossil 
fuels are going to be responsible for the addition, if we 
don’t do something about them, of hundreds of parts 
per million added to the atmosphere. This is again, 
material, but at least an order of magnitude down. 
 
In contrast, from an individual landholder’s 
perspective, the flows involved in this could actually 
be quite large. So there are multiple demonstrations 
that just by changing cultivation practice a little bit, 
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you can store an extra half-tonne of carbon per hectare 
at no extra cost, and you might actually receive a 
substantial payment from that in a carbon-constrained 
world where there was a price on the carbon. 
 
Restoration of cropland and pasture soils could cancel 
a landowner’s personal fossil emissions relatively 
easily. So there’s enough in this to incentivize 
individuals to dicker with the food system, but not 
enough really to save the problem. 
 
Beyond that, playing with this system, in particular, 
expansion of agriculture, has the potential to actually 
be a major disruption in the carbon cycle, and I want to 
talk about this now. 
 

 
 
This is an old diagram. And I put it up here because 
this is the first one that this Global Carbon Project 
came up with, they just came up with a new one and 
they’re always the same. In this case—in this year, I 
think it was 2000, averages from 2000-2008—there 
were only 7.7 billion metric tons of carbon from fossil 
fuels, on average, and there were 1.4 from tropical 
deforestation. Only 45% of those total emissions ended 
up in the atmosphere. That’s a long-term average that 
is true, that has been true for a very long time now. 
45% ends up in the atmosphere, 55% gets mitigated for 
free. A third of the total emissions go into the weight 
gain by the terrestrial biosphere. That is thought to be 
due to CO2 fertilization—this a huge CO2 fertilization 
project that has happened all over the world. When you 
add CO2 to the atmosphere, plants gain weight. That’s 
what’s thought to be responsible for that. 
 
The community thinks this is Liebig’s Law of the 
Minimum (1828). The water barrel’s water level 
depends on the most limiting nutrient. Thinks the 
plants are going to run out of nitrogen, which is going 
to ultimately cancel this. 
 

 
 
If that were to happen—this is what our model at 
GFDL (Geophysical Fluid Dynamics Laboratory at 
Princeton) says—would happen to the global 
biosphere. The CO2 fertilization persists. If we double 
the pre-industrial atmospheric CO2 and stabilize at 550 
parts per million, which is a little above the 2-degree 
target, the biosphere would gain 218 petagrams of 
carbon [1 petagram = 1015 grams = 1 gigaton]. That’s a 
pretty big number, 20 years of emissions would be 
mitigated one time. If the CO2 fertilization sink were to 
fail, we lose 444, the swing is over 600: this is a 
catastrophe. 
 
This response, the persistence of the sink, depends on 
native lands, depends on native forests. If those 
disappear, this disappears. And the consequences are 
large enough that it probably wouldn’t be possible to 
stop the atmosphere at 550 parts per million, even if 
you eliminated fossil fuel emissions—just from the 
losses from the biosphere. So that’s it. 
 
Michael Hauser, Assistant Professor, Director, 
Centre for Development Research, University of 
Natural Resources and Life Sciences, Vienna 
 
Complexity, resilience and transformation of 
agriculture and food systems 
 
[20:06] Good morning. This morning I got up after six 
hours sleep, I realized I have 10-15 IQ points less. I 
had a coffee and put together my own summary of 
what I’ve heard since yesterday. I’ve put together three 
slides. If you see more than three tell me how you do 
that. I’ve taken a step back into what I’ve heard so far, 
because this is the “prepare and repair” session, right? 
That’s what I’m frequently asked by my colleagues 
and the press, in Europe, in Austria. Having heard all 
of that, what are we doing now with it? How can we 
repair the system? And my answer is always the same: 
“I don’t know, I have no clue.” Because I don’t know 
how to organize a couple of hundred million people 
around something that is in their best interest. I think 
this is a critical question we have to ask. 
 
Where are we since yesterday? 
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We’ve heard a lot about good news. Agricultural 
research has increased productivity and yields in Asia 
in particular, not so much in Africa, though in the last 
5-7 years Africa is kind of making things up. 
 

 
 
There is also bad news and concerns: Environmental 
degradation is still an issue, planetary boundaries is in 
the media. This is a picture from our work in Ethiopia. 
A huge gully—one of the 100,000 gullies that we 
observed, that colleagues in Ethiopia observe—
representing a challenge that is a challenge for many 
other countries as well. Just picking Ethiopia as an 
example. When we asked farmers what s happening 
here, their response is, “Well the soil being flushed 
away.” What’s the reason? “Well overstocking.” 
What’s the reason for overstocking? “Well, there is no 
reason for that.” If you dig deeper, you end up in the 
spiritual sphere, and farmers would say “Well, this is 
actually an outcome of God’s will.” Now if it is an 
outcome of God’s will, it’s fairly difficult to intervene 
technically. That’s why a lot of soil and water 
conservation structures put in place by technical 
corporations have bounced back to something where [it 
was] before after the project has gone away. 
 
So, what does that mean? That means that we need to 
do things differently. I’m here to make a plea for 
transformative change: something that more and more 

people pick up. I argue that transformative change is 
way too big for us in order to manage it. What we need 
to do is multiple co-evolving sustainability transitions 
that cumulate in transformative change. 
Transformative change is a change that really changes 
the operating system of how we deal with climate 
change, with food, and food systems, with agriculture, 
etc. 
 

 
 
Transformative change is in the media but it’s also in 
the literature. You can see what is happening here. 
Since 2005, the term peaks and it seems to become a 
new narrative that pleas for business as usual is not 
enough. We need to change course of direction. But 
doing so is extremely difficult. There are very few 
examples of real transformations: 1989, the fall of 
Berlin Wall, is one. That change was so significant that 
an entire society, Eastern Germany, became a new 
country, part of Germany as we know it today. 
 

 
 
My observation is that, and what we’ve been 
discussing since yesterday, is that the change that we 
address is important but it very often is just 
transactional. It’s fixing the system here and there—
it’s not transformative. Why is it not transformative? 
Because transformative change is something we can 
observe after it has happened. It’s very difficult to 
manage it in a proactive way. 
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That’s why I argue for sustainability transitions 
because they are much more easy to manage and to 
maneuver. Several intertwined sustainability 
transitions make up the transformation. 
 
The outcome? It’s uncertain. We don’t know where 
those coupled sustainability transitions would take us 
to. 
 
There are challenges, and I want to mention three 
challenges that I see. The first one is conceptual, the 
second one is methodological, the third one is 
mindsets. So, concepts, methods, and mindsets. 
 

 
 
[25:16] We are dealing with complexity—Miguel has 
mentioned it before, many of you have done so. Do we 
really understand complex dynamical systems? I 
would say, “Not really.” This is a challenge for 
agriculture in particular. There is good news in other 
sectors—there is good news in the energy sector, in 
infrastructure. They’re dealing with complex adaptive 
systems as we should do. Interestingly, I ran into 
middle-range theorists in the nursing literature. The 
nursing literature is full of transitions—transition 
theories that I think agriculture can learn a lot from. 
The conceptual challenge—the first one—is critical 
because of that complexity. It’s not new, it has been in 
the literature since the 80s and 90s, but it’s something 
that the agriculture community would have to take up. 
 
The second challenge is the methodological one. 
Complex dynamical systems are difficult to steer. The 
system would bounce back because of its self-
organizing nature, but what we can do is to nudge it, to 
coach it, to accompany a change that is in the best 
interest of system actors. For that we need to know 
more about leverage points and where to intervene. I 
call these leverage points the acupuncture points that 
really would make a difference. Do we know where 
these are? We’ve heard the indicator story this 
morning. There’s more experimental work that I guess 
we need to do to identify those leverage points, 
irrespective of the level. Local level, regional, as well 
as global level. 
 

 
 
This is work we do a lot with students, global learning 
alliances, to identify leverage points and to allow 
students to experience where the leverage points of a 
system are, by them kind of playing system actors. 
 
The third one is to me the most important one. It’s the 
mindset challenge, because this is the operating system 
of every decision that we take. We need to know much 
more about the grammar—the rules and regulations 
that guide human behavior. We’ve heard a little bit 
about it yesterday morning. We need to do much more 
about the underlying basis of human decision-making. 
How to organize 100 million people around something 
that is in their best interest. For doing so, it’s not 
enough just to maneuver at knowledge, capabilities, 
skill levels. We really have to dig down into the 
attitudes, the values, the beliefs, and the mindsets of 
people. The values are critical because that’s 
masterminding decisions. Global values surveys would 
clearly tell that—for instance, a country like Ethiopia 
rates employment as the key thing at the cost of 
environmental degradation. It’s 15-20% of the 
population in Ethiopia would say environmental 
conservation is important, versus 80% would say it’s 
employment. If you go to Norway, it’s the other way 
around, completely different. Values are key because 
they decide what we do. 
 
For doing that, for engaging in sustainability 
transitions, we need three things: acceptance, 
legitimization, and of course, the 100 million people 
that we engage with on something that is in their best 
interest. 
 
I believe that there is an academic task that we have 
here, and that is to better understand sustainability 
transitions and how we can couple those to become a 
transformative change-maker. That’s what I have to 
contribute to and that’s my summary. 
 
Robert Kopp (Moderator), Associate Professor, 
Department of Earth & Planetary Sciences, and 
Associate Director, Rutgers Energy Institute, 
Rutgers University 
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Assessing potential of climate mitigation, 
adaptation in agriculture, “American Climate 
Prospectus” 
 
[29:50] Like Rob [Socolow] was saying yesterday and 
like Steve [Pacala] is coming from today, I’m sort of 
coming from the climate and energy world. I know not 
that much about agriculture, but I want to do a couple 
of things in the five minutes I have. One is to present 
some work that we did sort of trying to look at climate 
change and economic risk to the U.S. with a focus on 
agricultural risk, building off of what Wolfram was 
talking about. Then I want to ask a question about what 
sort of decision support tools might be useful as we’re 
thinking of these long-term sustainability transitions. 
 
I think generally, I’m interested in the question of how 
do we manage and govern risks that have both long-
term consequences and are increasing over time—
climate change being the one I think about most. 
 
I want to tell you a little bit about one of the support 
tools that have been developed in the climate/energy 
community—integrated assessment modeling—and 
ask whether there are ways it might better dock to the 
agricultural community. 
 
For the first point I want to show you just excerpts 
from some work that we did as something called the 
Risky Business Project, which was chaired by Michael 
Bloomberg and Tom Steyer and Hank Paulson. We did 
a technical analysis called the American Climate 
Prospectus [working papers series], and one of the 
things we did throughout this was take some of the 
empirical work that people like Wolfram has done and 
couple that with probabilistic projections of physical 
climate changes over the next century to take a first 
order look at how some of these economic risks are 
evolving. This is basically the question of the climate 
change impact. We’re not looking at what we’ll get to 
in the second part, which is how these are evolving in a 
context of changing socioeconomics. 
 

 
 

But for this part we start with work like Wolfram’s 
done. Here, that figure up in the upper left is more or 
less exactly the one Wolfram showed—of response to 
a degree of a given temperature in terms of maize 
yields, and Wolfram and others have done work on 
variety of crops. In some of these crops we see this 
difference between the eastern western half of the 
United States that have to do with irrigation, and how 
that alters the temperature response. And then, as 
we’ve already mentioned, there is the potential 
influence of CO2 fertilization to affect that as well. 
 

 
 
So we took these sorts of empirical work and 
combined them with probabilistic projections for 
different climate change scenarios of temperature and 
precipitation. And I’ve condensed all this to a handful 
of slides. This is one sort of one of punchline graphs. 
What this is showing I think is one way of thinking 
which is sort of interesting. We think about a 20-year 
interval, and we think about say if we looked at last 
20-30 years, what is the 1-in-20-year crop loss event. 
Of the last 20 years, what was the worst statistical crop 
loss, do some statistics, so it’s not too numerically 
unstable. And then you ask, how is the likelihood of a 
year like that expected to change over time, taking into 
account the uncertainty? 
 
Here you’re looking at different 20-year intervals, so 
the last one over on the right would be the 20-year 
interval beginning 2080. The question is, “Given all 
the uncertainties, what is your expectation of the 
number of years in that 20-year interval that will be 
like a current 1-in-20 year event?” What you can see is 
that a range of climate change scenarios, from RCP 8.5 
[Representative Concentration Pathways are four 
greenhouse gas concentration (not emissions) 
trajectories adopted by the IPCC for its fifth 
Assessment Report in 2014. 8.5 watts/meter2 
represents a high level of global radiative forcing, the 
difference in sunlight absorbed by the earth and energy 
radiated back to space, used by the IPCC as a “measure 
of the influence a factor has in altering the balance of 
incoming and outgoing energy in the earth-atmosphere 
system and is an index of the importance of the factor 
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as a potential climate change mechanism.” Simply, it is 
rate of energy change per square-meter area on the top 
of the atmosphere. RCP 8.5 is named after the 
difference in radiative forcing values in the year 2100 
relative to pre-industrial values (+8.5 W/m2)], which is 
high-end business as usual scenario to RCP 2.6, which 
is the one most compatible with a 2-degree C target, all 
see an increase in these extreme crop loss events 
relative to contemporary production.  
 
This is not relative to yield today, because of course 
there are going to be other things influencing the 
baseline yield. This is sort of the climate-related loss 
event. You can also see a significant divergence, in the 
RCP 8.5, just taking those empirical relationships, and 
combining them with temperature projections, what 
you see is sort of what was once a one-in-20-year 
climatic shock sort of becomes the new norm. And 
ultimately, of course, that just will show up in slower 
yield productivity increases. 

 
 
This is yield we are looking at. So in the report we 
look at the supply question, and we just raised earlier, 
the question is about how supply is changing over 
time. I think that’s very important to think about. How 
are we going to smooth out shocks if they are 
becoming more frequent?  
 

 
 
[34:48] This is also another key point, looking at those 
relationships by region. Each of these different bars are 

looking at a particular region and looking at one of 
these scenarios. Again, the main point here is there’s a 
lot of uncertainty in the agricultural system—I don’t 
need to tell you that. We get these complexities of 
sign, largely because we include CO2 fertilization. If 
CO2 fertilization does not pan out you get a lot of shifts 
downward, but you’re looking in regions that are not 
using irrigated agriculture of potential changes that are 
relative, or are something like 20-60% likely ranges. 
 

 
 
Of course, here we’re getting into stuff I know very 
little about. These climate impacts taking place against 
a background of advances in agricultural technology. 
This is just a plot I pulled from USDA: total factor 
productivity in agriculture increasing over time. 
 
It’s increasing at rate of about 0.01 units per year over 
the last half-century. If you just continued at that rate, 
you would get something like a 70% increase relative 
to 1980-2010 by mid-century and over 100% by late 
century. So how are these two competing factors 
working? 
 
[Question from audience about productivity]: “This is 
not yield, right?” 
 
[Response]: No, this is total factor productivity. Yields 
have been doubled over that period of time, right? But 
that’s because of changes of input too. You have to 
take into account how are you changing your inputs, 
given that this is the exogenous component that’s not 
input. 
 
[36:47] So that’s the first part of the remarks. The 
second thing I want to say is talking about decision 
support tools. [The first part of the remarks were] 
using empirical work. There’s a whole category of 
models that have been developed over the last 30 years 
in the climate and energy community that are called 
integrated assessment models. There are two sorts of 
integrated assessment models—I just want to focus on 
the part that actually have very detailed representations 
of different sorts of technologies. In the 1990s people 
really started working on putting in detailed 
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representations of land-use as well, because of the 
interactions between things like bioenergy and land-
use. 
 

 
 
In the U.S. the two big models are Pacific Northwest 
National Laboratory and at MIT. This is showing you 
different agro-ecological zones in the GCAM model 
[Global Change Assessment Model from Joint Global 
Change Research Institute], which is one of these 
models. They are designed to look at questions of, if 
you if you put a price on carbon, and you tax land-
carbon or don’t tax land-carbon, how does that affect 
the composition of the energy system over time? How 
does that affect demand for land? 
 
I think there’s a lot of things that are missing here, 
some things that I think might influence how we think 
about climate change mitigation that people here might 
have insights to that I sort of picked up. 
 
So ok, first of all, what’s missing from these models 
now? 
 
- These models don’t actually include the impacts of 
climate change, but that’s a current major research 
focus. One of the things that became very clear to me 
as we worked on the Risky Business Project stuff is 
that you’ve got these changes in the mean state of 
climate but you remember those non-linear drop-offs 
that Wolfram was showing. That means that the 
interaction between that mean state and the variability 
around that mean state is going to matter a lot. I think 
that’s true economically, too, or potentially. 
 
- These are five-year time-step models. Short-term 
storage, shock storage, export restrictions—the sort of 
things we were just talking about—aren’t in here. How 
do those change the average response of the system? 
That’s a point of communications we need. 
 
- This community doesn’t think much about ecological 
function—so weeds, pests, pestilence? How is that 
going to change with climate? 
 
- Ecosystem services—that’s sort of something we 
discussed a little bit yesterday but we need to think 
about more. 

 
- These models don’t yet have a detailed nitrogen 
cycle. We just talked yesterday about how both of 
these extremes of nitrogen over-application and the 
transition in places like China, and the very large loss 
of nitrogen in places like Africa—how does that 
interact with the ability of the soil to provide food, 
provide the energy resources? 
 
- Institutions and market failures are something that 
has come up a lot here. This comes from a worldview 
of essentially looking at the planet, how something that 
ultimately finds a market equilibrium when you 
average out over enough years. To what extent do we 
fall below that? 
 
- And then the other thing is questions of sort of how 
does wealth distribution affect –we’ve talked a lot 
about subsistence, climate—how does wealth 
distribution, how do human rights issues, how do we 
incorporate these into our thinking about the long-term 
evolution of the coupled climate/energy-land system? 
 
Panel 6 Discussion 
 
[41:12] Stephen Pacala: Global trade in food as you 
point out, clearly reduces the impact of local famines 
because there’s a redundant supply that you can move. 
But the transport costs keep redundancy in the system. 
It’s just not obvious to me that interconnectedness is 
even mostly or usually bad, even if it mostly or usually 
decreases the stability of the system. 
 
[41:42] Miguel Centeno: I don’t want to make this 
argument—a Luddite argument—for “Let’s go back to 
autarky.” Yes there are all sorts of benefits there, but 
my whole point is, along with benefits come particular 
dangers. So let’s take the shipping. Something like 
80% of the world’s goods are transported in container 
ships. About 85% of those have to go through six or 
seven chokeholds—the Malacca Straits, the Straits of 
Hormuz, the Panama Canal, etc. One break in one of 
those, one disruption in something like the Malacca 
Straits, for example, can contage, can cascade 
throughout the system much faster than before.  
 
Should we go back to a world without trade without 
this connectedness? No. But let’s simply be aware that 
that connection does come at some kind of price. The 
obvious model for this is 2007-08. It’s this assumption 
that this system will clear, that the market will clear, 
that you will be able to have this resolution of these 
various crises through the very mechanisms at hand. 
I’m not so certain about that. I think there’s enough 
friction in the system where you might not be able to 
do that. And I think 2008 is an example of that. 
 
[42:54] Michael Hauser: That reminds me of an 
example I’ve mentioned two times over coffee break. I 
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have a friend who is a pilot of an A380 plane [Airbus 
double-deck wide-body seating up to 850 passengers]. 
He will tell me that it is a perfect plane. But if 
something happens, they couldn’t fix it. So in 99.9% it 
works well and they all pray that nothing happens 
because they couldn’t fix it when they’re at high 
altitude. If you translate that to food systems, I wonder 
whether there is something that we can learn from that 
example. The Netherlands depends on one major 
retailer for their entire supply, Austria on four. It’s 
highly concentrated. Do we understand that complexity 
behind that concentration? And if not, are we able to 
fix things when a problem emerges? I think that was 
the question that I heard. 
 
[44:00] Miguel Centeno: The example that I use 
sometimes when I explain this to students: Would you 
rather have a 1967 Volkswagen Bug or a 2014 
Lamborghini? Well it very much depends on what 
you’re trying to do. If you want to go 200 miles per 
hour on an Autobahn, the Lamborghini is much better. 
If you’re crossing the desert and all you have to fix the 
engine is a bunch of duct tape and a stick, I’ll take the 
1966 Beetle anytime. Yes, we are increasingly driving 
a Lamborghini, and it works beautifully. But, one 
small thing, and the maintenance costs of that 
Lamborghini are massive. I read this somewhere about 
a Porsche, some model Porsche. An oil change is $850. 
So what that tells me is this thing works beautifully. It 
is a monument to human invention. It’s also very 
fragile and very expensive to keep up. And if the 
conditions aren’t there, then you’re stuck with a very 
very expensive couch. 
 
[45:06] Steve Pacala: I’d sell the Lamborghini and 
buy five Toyota Land Cruisers. And take them all 
across the country. (Laughter) 
 
[45:20] Robert Kopp: If you build up these complex 
networks and if they have chokepoints, they tend to get 
more complex over time and less flexible. So the 
example I’m thinking about that I use sometimes, if 
you think about the electric grid in our New York and 
New Jersey area, if you go back and look at a map of 
the New York-area electric grid in 1910, and you look 
at where all the generators and switching stations were, 
and you look at where the switching stations are today, 
you can find many of those places on that map of 
1910. If you look at the subset of switching stations 
that flooded during super-storm Sandy, about two-
thirds of those, or maybe three-quarters of them, were 
sited sometime around 1900. So the network typology 
sort of built up around those choices, and then we’re in 
this changing environment and we’re coping with these 
lock-in effects. Are there analogues that you could 
draw from for agriculture? 
 
[46:25] Miguel Centeno: Well certainly one of the 
basic principles of complexity theory, and again, I love 

it when social science discovered history—path 
dependence. One of the lessons that we learn from 
complexity is: it all comes down to where you begin. 
We are all dealing with a legacy—a system that is 
designed in a particular way for particular conditions. 
So we have all these legacies built in. Do we know—
are those legacies adequate? It’s not a completely 
dynamic system because when we were talking about 
reserves etc., I was thinking, yes, fine, we might have 
all this wheat stored somewhere, but do we have the 
infrastructure to be able to transport this reserve 
somewhere? In 2008, we didn’t just lose money. The 
capital didn’t just disappear. It just wasn’t in the right 
places at the right moment. So do we have the 
infrastructure set up in order to maintain this complex 
system? 
 
[47:30] Shenggen Fan: That’s why we are talking 
about decentralizing the reserves, and how much. For 
example, maybe in the Horn of Africa, so we have a 
couple million tonnes of wheat and some other grains 
over there, and another couple million tonnes from 
somewhere in west Africa, so when the crisis comes, 
you’re missing three months, we can go move the food 
around. In the meantime, we try to import large 
amounts of food from other countries. I was in 
Singapore, I was in some of the various countries, they 
import 90%, maybe even 99% of their food—they are 
worried about the global trade system, if there is some 
sort of failure somewhere, mainly five years—not five 
years, five days. They won’t have enough food to feed 
the population. 
 
[48:20] Michael Puma: Just to that point, the time 
scale is really important. Just as an example, there is a 
great book on the Irish famine by John Kelly two years 
ago [The Graves are Walking: The Great Famine and 
the Saga of the Irish People (2012)]. The problem was, 
well the crop was destroyed over a three-week period 
[by the “potato blight” crop disease in 1846], and then 
in terms of the relief effort, the distribution was very 
problematic, to get the food to the country, to have the 
mills to process those grains, they weren’t in place. So 
you have this short window with which to respond to 
any disturbance. To the point of food reserves, they 
need to be at least at the national level or clusters of 
countries in close proximity. 
 
[49:06] Erik Chavez: Just to respond to that comment 
linking dynamical systems, there is some caution and 
humility that needs to be embedded in any assertions 
based on the mathematics of dynamical systems. The 
linkages between dynamical systems and networks and 
extreme value theory—so how a complex network 
would react to a shock and maybe change an 
equilibrium state, and lead to bifurcation, is still a very 
cutting-edge research area that still has not been 
resolved. Poking a complex system, supposing that we 
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are in an equilibrium state with a lot of redundancies, 
might be a really dangerous exercise. 
 
To go in the direction of Miguel Centeno and to ask a 
question as well, another example of this comparison 
of the Lamborghini with the 1960s Beetle, is the food 
retail sector. Today, these massive corporations of 
Walmart and Carrefour—they have global supply 
chains. They have tens and tens of [xx], 50 key 
commodities that are the key to their business. But 
they don’t know what are their top 10 suppliers, 
because what separates them from producers, and what 
they put on the shelves are may be three layers [xx]. 
They’re incapable of quantifying robustly the risks that 
they are taking in the food system. 
 
Coming to my question, in your opinions, what are the 
node or the nodes in the system that would need to be 
nudged or simplified or maybe complexified to build 
more resiliency in the food system? 
 
[51:25] Miguel Centeno: I certainly do not know 
enough about food or any of the substantial domains to 
be able to answer that question, but what this project is 
trying to do is exactly that. If you want to think about 
it, the counter-version is: what is a terrorist’s dream? 
What is the node you can knock out that will bring 
everything down or will disrupt the most? I don’t have 
an answer. Thank God they were kind of stupid, and 
they did hit the World Trade Center as opposed to 
some data bank somewhere in Bayonne, because that 
might have been much more dangerous and much 
more catastrophic to the system. It might have cost 
fewer human lives, immediately.  
 
I don’t know the answer to that, but I think we have 
to—I would suggest that there is a great deal to be 
produced by trying to map these out. By doing 
thousands upon thousands of iterations of the world 
network where you knock out one node at the time, for 
example. Or you knock out one link and you see what 
sort of iterations may be. As far as I know, we’re not 
doing that, those kinds of Santa Fe [Institute] models 
with the food system. As far as I know. 
 
[52:54] Barbara Ekwall: I also have a question in this 
regard, which I found perhaps very interesting. They 
looked at flows of energy, capital, air flows, and so on. 
And I wonder if migration would not feed into that 
picture also. Migration as a result of poverty, poverty 
in rural areas, but also as a result of the expected rise 
of the levels of ocean and so on, and how that would fit 
in to the elements that you have shown. 
 
[53:26] Otto Doering: What Miguel and Michael have 
talked about really does relate to whole concept of 
wicked problems, in the sense that you’re structuring 
your look at these things in a very different way. One 
of the key things that the wicked problem people talk 

about is adaptive management. I would see adaptive 
management as a very important part of what both of 
you are talking about. 
 
[53:52] Marc Levy: On the stability of the large-scale 
system, I think it’s really problematic to hinge a lot of 
the analytical focus and certainly the political action at 
that level, if your only ability to infer the stability of a 
system is just the frequency and magnitude of the 
catastrophic breakdowns, you would have to conclude 
that we’re getting more and more resilient steadily 
over the last two centuries. But we don’t believe that. 
We think we’re at a juncture where the future is getting 
much riskier.  
 
We’re like the Princeton students in 1936 that formed a 
group they called the Veterans of Future Wars. They 
argued that the next world war was going to so horrible 
that they would not survive, so they wanted their 
veteran’s benefits now. But if we’re going to make that 
argument, and have it be politically relevant, we need 
to translate these risks into very specific things that are 
already motivating and mobilizing political 
constituencies in ways that they can understand. It’s 
going to be much more specific than, “The whole 
system is unstable.” Because I think empirically that’s 
just not believable. 
 
[55:21] Miguel Centeno: Migration is clearly part of 
this. I have a graduate student who has mapped out 
migration and tourist flows. There’s a very big—a 
wonderful scholar in Italy [Giorgio Fagiolo], who is 
looking at the relationship between migration and 
trade. So yes, no, migration is—I mean Ebola is 
obviously the carrier for this. And also that some 
systems do depend on its continual flow. My favorite 
example of complex systems is a place like Dubai. 
There is no reason for Dubai to continue to exist, 
except that the system just keeps it going. If you 
eliminate the connection to—all of a sudden there is no 
more flights from Bangladesh, Dubai stops working. 
So yes it has to be included. 
 
On adaptive management, this is one of the questions, 
and again I don’t have an answer to it, do you need to 
do the adaptive management at the very local, ground 
level—do you let the solution emerge just like the 
problem has emerged, or do you have to have some 
kind of top-down? I don’t have an answer to that, but I 
think that’s one of the questions: how much do we 
want to impose some kind of control over this from the 
top, and how much do we want to adjust it by every 
small action going? 
 
[56:46] Otto Doering: My concern there would not be 
the locus of the adaptive management but having 
adaptive management built into the system. 
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[56:55] Miguel Centeno: Except I would argue that 
adaptive management is expensive. If your only 
measure of success is how well you did yesterday, 
having the possibility of recovery from a bad yesterday 
doesn’t pay off in many models. 
 
[57:12] Otto Doering: Good adaptive management 
looks forward. And it says here we are now, let’s take 
a new path because the old path went from Point A to 
Point B. We find ourselves here somewhere. How do 
we get there, or is there a new [xx]? 
 
[57:29] Miguel Centeno: On resilience, two 
responses. I think a lot of this has to do with human 
values. In the 21st century, our acceptance of human 
suffering is much lower, thank God, than it was in the 
19th. So resilience, in some ways, is a relative. At one 
point in time, losing 50 million people would have 
been acceptable? It no longer is. So I think that 
resilience measure is—could a lot of this stuff be 
resolved if half the world’s population disappeared? 
Maybe? But are we willing to make that value choice? 
That question of resilience is iffy. 
 
I’m not quite sure we are a more resilient system. 
Again, my model for this—the one I know fairly 
well—is the 2007-08 financial crisis where we had an 
incredibly efficient capital distribution system. But we 
had made one where the real estate prices in Vegas 
could bring down the banks in Germany. That to me 
seems to indicate that in some ways that we have 
lowered our resilience. 
 
[58:37] Michael Hauser: On the point, on the level of 
intervention, as much as I believe we should identify 
those leverage points from the terrorist’s perspective, 
and ask ourselves, “What’s the worst case? What’s the 
worst case that could happen?” simply to get prepared. 
But when it comes to transitions and sustainability 
transitions, I very much believe in local-level action. 
You would have—and that’s what transition theories 
will tell us—you would have to isolate your venture 
from the mainstream for some time—get it out of the 
regime forces into a niche, then nurture, groom the 
alternative, then gradually translate it back into the 
regime and through that also modify regime forces. If 
you leave a good idea at that high level, the regime 
will change it immediately and it will not survive. I 
believe local-level action is key, but there is room for 
intergovernmental forces as well, because they would 
have to set the framework for those niches to emerge 
and to survive. 
 
[59:51] Rob Socolow: I have several comments which 
amount to a research problem. 
 
Comment one: Rob [Kopp], is your slide still on there? 
There’s a major defect in these models [on Robert’s 
slides) that isn’t on your list, which is that they can’t 

deal with pace—how fast market share can change. In 
general this is seems to be a—quite under-researched 
problem, it bears on the climate and energy system as 
well. How fast do we actually change? Or do we know 
about what sets limits on that? What happens when 
you go too fast? So that’s a systems question that can 
be understood. 
 
Another is that when you talked about how we’ve been 
shrinking reserves, the concept of over-engineering, 
whether it’s a bridge or whether it’s a tank that holds a 
fluid or whatever, I think it’s one where we can 
demonstrably show that we are doing less over-
engineering than we did say 50 years ago. It’s another 
way of getting at this question of whether we are 
making our systems more taut and more fragile. 
Because why pay the extra for whatever? I think if you 
demonstrate that it would be a very interesting place to 
go. 
 
[1:01:00] Audience question: Rob, can you define 
what you mean by “over-engineering”? 
 
Rob Socolow response: I’ll tell you a story. I had two 
buried oil tanks under my house when I switched to 
gas, because [xx] have oil tanks in New Jersey. One 
was 50 years-old and one was 20 years-old. Which one 
would you think would be more likely to have shown 
the consequences of wear? The 20-year-old one 
because it had a thinner boundary. That’s an example. 
You can talk about how bridges are built, and get the 
same answer, I’m pretty sure. And refrigerators, and 
how long they’re supposed to go before they collapse. 
And so on. We have built a lot of shortening. We’ve 
reduced over-engineering. I believe. I think we could 
have an interesting conversation about other domains 
where that isn’t true. I don’t know of any, but— 
 
Finally, I think a lot of what we’ve been talking about 
is about fuses. It’s about failing gracefully. We haven’t 
used those words, but when systems break, they can 
break badly or they can break intelligently. And the 
fuse is a way in which we deal with electric shocks. 
Insurance is a kind of fuse, quarantine is a kind of fuse 
which we deal with now with Ebola, and I think it’s a 
useful concept. 
 
Finally, Miguel, I think the World Trade Center might 
have been the best target for Osama [bin Laden]. He 
wanted to create disruption far more than a data center. 
Because he hit us symbolically. We reacted 
symbolically. We now have an era of crusades that 
God knows how long will last. And I don’t think he 
could have done that if he hit the data center. 
 
[1:02:00] Robert Kopp: So maybe two more 
questions, and then I want to see if we can transition to 
how we take these abstract concepts and apply them 
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particularly to agriculture if we have some discussion 
about that. 
 
[1:03:00] Unknown questioner: So I want to build 
real quick on what Rob said about insurance. The 
claim is that because of the global capitalist mentality, 
storage is not efficient. But the whole insurance 
industry is built around the concept that I’m going to 
set aside some kind of resources in the expectation that 
something bad might happen in the future. So why 
can’t we have this kind of mentality in terms of the 
food system? The storage would be some kind of 
insurance. 
 
[1:03:18] Shenggen Fan: I just have one question on 
the tradeoffs. Global system resilience and local 
system resilience: it’s a tradeoff. Right now you say 
that no one has looked at the weakest nodes in the food 
system. In fact, many countries have done that. 
National-level intelligence unit has done that. They 
don’t want to tell you, otherwise the terrorists would 
know and say, “Oh, that’s your weak node.” 
 
The problem is when a country begins to build up their 
resilience, then the global system actually suffers. How 
can we all work together to make sure on the one hand 
that we have a relatively decentralized system at the 
local and national level, so that diseases and other 
problems will not translate to the global level. On the 
other hand at the global level, how can we make sure 
that everybody does work together to minimize the 
cost. So the tradeoff between the global system and the 
national system needs to be taken seriously. 
 
[1:04:30] Robert Kopp: So we have questions on 
over-engineering, on failing gracefully, on storage as a 
type of insurance, and on competition between 
different levels of resilience. One example of that is if 
you think of flood levees. That’s a case of where your 
local resilience—you know if you’re getting flooded 
on one side of the river and you build up your levees, 
then the other side has to build up their levees or 
they’re going to get flooded instead. 
 
[1:05:00] Miguel Centeno: On the concept of fuses, 
yes, I think it’s exactly—but this actually applies to the 
insurance or the tradeoffs. One of the things that I’m 
wrestling with is we’re empirical, we’re positivists, we 
believe in finding the answer in these [xx]. But very 
quickly on, you get to political choices. Fuses have 
costs. If you are going to have a fuse system, you have 
to be willing to not have your lights on for the 15 
seconds that it takes for you to go downstairs and 
replace the fuse. That’s a political choice. The kind of 
insurance—how are we’re going to be paid back. 
That’s going to be a political choice. This national 
versus global versus regional, that’s going to be a 
political choice. I’m not arguing that you know we’re 
going to find some—I don’t know how many of you 

read Douglas Adams [author of The Hitchhiker’s 
Guide to the Galaxy]—but I don’t think that at the end 
of this project I’m going to get an answer that’s going 
to be “42.” And that’s going to apply through 
everything. I think it’s just becoming much more 
conscious of how there’s political choices to be made. 
And there’s going to be consequences. One of the 
things I’ll say at the very end when we sum up is when 
you’re looking at these kinds of systems, you can’t get 
away from the idea of, you’re going to be determining 
how you design the system—who dies, who survives, 
who pays, and just to be very aware that there are 
consequences for any choice that you make in this kind 
of system about who’s going to bear the costs of that 
system. Just to be aware of that, not as offering a 
solution, but just to be aware. 
 
[1:06:35] Michael Hauser: That goes back to values. 
 
[1:06:49] Antti Silvast, Postdoctoral Research 
Associate, PIIRS Global Systemic Risk research 
community: I have a question to Michael [Hauser] 
about transitions and sustainability of transitions. 
We’ve both read these theories about transition 
management, management that must withstand from 
[xx] system. You mentioned the both classical idea that 
regimes are very difficult to change, and in the other 
[xx] small actors—actors that do that. Based on what 
I’ve been reading very recently on theory in the energy 
system that is probably applicable to the agricultural 
system as well. This is necessarily not just such a 
simple question according to scholars anymore. A lot 
of terms that they do things like “niche” and 
“management,” they actually proactively form these 
niches and then they start managing it from their own 
perspective. Or I think the Dutch government has some 
concept of transition management actually built into 
the policy machine. I don’t know if this is a question, 
but have you thought about the [?] probing like some 
scholars have done, [?] probing the difference between 
these innovative small actors and the big conservative 
actors, whether there’s more continuity? 
 
[1:08:15] Unknown questioner: Just a quick 
comment. Going back to the insurance industry. It’s 
built on numbers, on risk assessments, right? So even 
though there are political choices attached to them, I’m 
thinking there’s also some kind of risk equation where 
you can say that the expected value of the losses that 
you’re going to have in the future depends on 
probability, versus the costs that you will have in terms 
of carrying that initial cost. 
 
[1:08:38] Calum Turvey: On the agricultural side, one 
of the things that hasn’t been discussed is the nature of 
prices. I know prices isn’t everything, but when it 
comes to commodities, prices is a lot. When you find a 
binding constraint in any agricultural system, the 
market prices will adjust so that alternative 
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mechanisms and alternative transport systems can be 
found. When we were talking yesterday about the price 
of rice, with the closure of exports from India for 
example, and the price goes up to 700 [dollars per 
metric ton]. What that is is by the bidding country to 
say, “I will pay an excess transportation cost for 
anybody to bring rice to my country, well above what 
the market is.”  
 
When we saw after the 2008 crash, the shorting of 
working capital, you saw large what are called “basis 
swings” in terms of rail transportation. So if the 
Mississippi dries out and you now have to transport 
grain by rail, then all of a sudden the bidding price for 
freight will increase and the market will have to adjust 
in order to absorb that transportation cost because of 
that, going to higher supply and demand systems. So in 
the natural network of agricultural commodities, 
you’re always going to get alternative transportation 
routes one way or another. Whether that’s the price 
goes high enough that people will carry it across their 
backs across the Panama Canal, the market system will 
eventually signal that price in terms of what the 
demand unit is going to be. So these network systems 
that you’re talking about in an agricultural system 
cannot be viewed outside of supply/demand, basis-
separating markets, and prices. 
 
[1:10:20] Robert Kopp: It seems like your question 
relates closely to Rob’s [Socolow] comment, right 
about the pace of the market change. If prices go high 
enough, it still takes time to transition from a system 
where you’re shipping through the Straits of Hormuz 
to carrying grain on foot across the Panama Canal or 
whatever the alternative it is. So it seems like that’s a 
potential for instability during that transition time. 
 
[1:10:48] Calum Turvey: We did one thing a couple 
years ago which was very interesting. We were dealing 
with famine response—I think we looked at Kenya. 
We were looking at the failures of the rainfalls, what I 
talked about yesterday, in terms of famine conditions 
that might arise six months later. The timing of that we 
measured by wasting, body wasting, and 
measurements of muscle in infants and children. We 
knew there was about six months [between rainfall 
shortage and human manifestations of famine]. We 
know that aid does not—unless a famine is declared, 
only then will aid be shipped. What this early warning 
system by using catastrophe bonds that get triggered at 
the time of the event—when the failure happens and 
there’s a higher probability of future famine, that gets 
triggered, so that the aid can then be bought at that 
time, and shipped at that time, and stored at that time 
in preparation for something coming six months down 
the line. So there are other mechanisms using 
insurance and capital markets, which might help in 
trying to deal with some of these things that you’re 
referring to, especially on advanced warning systems. 

 
[1:11:55] Michael Puma: What happens with a false 
alarm in those situations? If they said a famine was 
about to occur and then it didn’t materialize. 
 
[1:12:03] Calum Turvey: We are only talking about 
the triggers of those events. You are going to get 
famine in these areas only under these very extreme 
events that are really measurable, right? I think this is 
so key when it comes to the mitigation systems. You 
don’t look at the averages, you don’t look at where you 
have this flat plateau of prices. You get these extreme 
things where you know that there’s a high correlation. 
And if it fails, it fails. It’s just capital markets. 
Somebody won, somebody lost. 
 
[1:12:40] Miguel Centeno: Just a reaction to the 
insurance. I guess I’m too much of a political cynic 
because I don’t think there is an insurance market 
where every human life is fungible. And I think there 
is a failure of insurance of what kind of human lives 
we prize and what value we assign to them. This goes 
also to the price. Can this system recalibrate probably? 
Just about every single system can recalibrate. What 
will the costs of a recalibration be? In a previous life, I 
worked on neoliberalism and the imposition of market 
discipline in Eastern Europe and Latin America. Did it 
recalibrate? In case of Russia never mind, but in most 
places it recalibrated. But man, there was a lot of 
suffering in that period. And I think we have to be very 
careful about saying that the system will recalibrate, 
the prices will send a signal. Well what’s the price—
sorry, what’s the cost—of those price jumps? What are 
the consequences of those price jumps? There was a 
line in Mexico—I used to be there in the 1980s—“The 
macroeconomics are great but the microeconomics 
suck.” So the system itself can be made somewhat 
stable, but if you are inside the system it might not 
look so stable to you. We have simply to be aware of 
that, which is all I would argue. 
 
[1:14:10] Stephen Pacala: I just wanted to point out 
that insurance was actually part of the cause of the 
instability in the last market crash. We’ve got this AIG 
lawsuit specifically because of that. With the way that 
reinsurers now interconnect the insurance markets 
worldwide, it’s probably the case that that’s stabilizing. 
But one could certainly come up with scenarios in 
which that would cause a system-wide collapse. 
 
[1:14:20] Michael Hauser: One overlooked area in 
my opinion in the regime theory is agency and the 
level of agency. The distinction between non-agency 
and agency is not non-state actors and society. The 
Dutch case is a very nice example where the 
government itself took action and became organized 
something like a niche. But I believe change happens 
at niches. But it can also happen at those regime levels. 
It also happens as a response to a shock at the higher, 
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long-term trend level. But that’s what we don’t want, 
right, and that’s the risk that we were discussing 
before. Can we play God and intervene at a high level 
without knowing what will happen? We have to be 
careful—rather we should go to the niche level and 
nurture those things that we can overlook [have 
oversight over] and couple those and create good 
examples for an alternative rather than trying to change 
the DNA or the grammar without knowing what the 
likely outcome may be. 
 
[1:16:10] Miguel Centeno: One more point about the 
paranoid colonel in some basement of the Pentagon 
and his/her equivalent throughout the world. You can 
actually see this tool that a graduate student of mine 
[Manish Nag] developed, which is mapping trade 
[www.princeton.edu/globalization/]. You see China 
doing this. From 1990, if you look at China’s cereal 
imports and food imports, what you’ll see is 
increasingly the circle trying to get smaller and the 
circle trying to avoid the ocean. And you can imagine 
some kind of program saying, “If we’re going to be 
food-dependent, we want to make sure that we can be 
food-dependent with flows that can’t be stopped by the 
Pacific Fleet.” So yes, there are people who are 
actually thinking about this and you can begin to see 
some sort of evidence of how this plays out at a 
strategic level 
 
[1:17:04] John Ikerd: I think we’re talking about two 
different things that are definitely interrelated, kind of 
part of the same whole, but one is the complexity you 
talk about, and the other is efficiency. We tend to go 
for efficiency within complex systems and I think 
that’s where the problem arises. Because in terms of 
efficiency, then what you want to do is remove the 
redundancy, because redundancy has costs. You want 
to remove the flexibility and adaptability, because 
when you go to flexible, adaptable system, then you 
don’t have a highly specialized system where you’re 
just focusing on one thing, you have to do more than 
one thing, so you lose the gains of specialization. 
When you go to systems that are interdependent, then 
you reduce the transactions costs, you’ve got the direct 
relationships. 
 
The problem is when you go toward efficiency with 
strategies such as this, in a highly complex system. In a 
highly complex system, you don’t really know where 
all those interconnections are. You don’t know when 
you’re going to run into something where your 
dependency and your lack of flexibility is going to 
cause a major problem. If you could really define that 
whole system, then perhaps it would be ok. But you 
know, the human body is a complex system—I think 
that’s a good example. We don’t know all the 
interactions are within the human body. So we tend to 
do things that try to keep humans healthy rather than 
assume we can fix them if anything goes wrong. I 

think that’s what’s true of managing sustainable 
agriculture systems, we’re talking about complex 
systems, so we leave a degree of redundancy, adaptive 
management, flexibility, we internalize dependencies, 
same way with the global sustainable food system—we 
have to do the same kind of thing. 
 
[1:18:58] Xin Zhang: A quick comment. One thing 
I’m concerned about is that this preparation for this 
resilience and also the connectedness among the 
countries and markets might have a different impact on 
developing countries and developed countries. As the 
developed countries get more sophisticated in making 
their systems more resilient, it might have some impact 
on the developing countries. On the other hand, the 
developing countries, because they have more 
demands on creating more economic development, so 
a lot of farmers may switch some of the cereal 
production to the cash crop production. So that might 
make the system for their own country less resilient to 
some of the production shock. 
 
[1:20:19] Robert Kopp: Ok any reactions on the 
tradeoffs between complexity and resilience and 
efficiency?  
 
[1:20:23] Miguel Centeno: Just on the bounded 
rationality problem. It’s not only that we can’t imagine 
what this thing looks like. We don’t have the 
information. One of my favorite stories from 2008 is 
some of these credit swaps and all these various 
instruments that were used to securitize risk—well it 
turned out that the base documents were 5, 6, 7,000 
pages long. So absolutely nobody knew who owed 
what to whom. And it would have taken an army of 
accountants I don’t know how many years to figure 
this out. So not only is the thing massive and complex, 
but we don’t even know where the pipes are. We’re 
essentially relying on a system of pipes that we don’t 
necessarily have a map for. 
 
On the resilience, certainly those of you who work on 
food and in Africa know more about this than I do, the 
push toward cash crops makes a lot of sense in 
comparative advantage—unless the market prices of 
your cash crop goes at a different slope from your 
staple that you’re relying on. That to me makes a lot 
more sense for Columbia to grow flowers or for 
Kenya—environmentally apparently not, doesn’t make 
any sense—but for Kenya to grow flowers. But if the 
flower market busts and you’ve got to pay for your 
corn imports, so no crisis need happen, no Malacca 
Straits need to be closed, all you have to do is: flowers 
went out of season. And you’re stuck. 
 
I don’t know how many of you remember New Coke 
(1985)? The formula for New Coke—this is relevant 
for a moment—one of the things it took out was 
cloves. And for about a year, as New Coke was 
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managing the Malagasy [ethnic group that forms the 
entire population of Madagascar] economy almost 
collapsed because of its dependence on cloves. Some 
scientist in Atlanta says, “Ah, we don’t need cloves 
anymore in the New Coke.” So thank God Old Coke 
came back, for the Malagasy economy. So it’s these 
kinds of fragilities that I think we have to be very 
aware of. 
 
 
Closing Remarks 
 
Recapitulation of the goals from the conference 
 
[1:23:01] Pedro Sanchez: I think it has been a 
fascinating day and a half, and I think it has been an 
incredibly successful exchange of information and 
certainly learned, for me and I hope for most of you. 
I’m amazed that we can get very distinguished 
scientists, and somewhat unsecure younger scientists, 
to limit their expositions to five minutes. That was an 
incredible achievement on both sides. All the 
presenters have been able to boil down things to a 
point where we can begin to grapple with this 
enormous complexity of our subject. What I’ve done 
there, and it’s only good—my summary is only for 
yesterday’s morning. So I thought I could do more 
points, but it was so exciting that I said, “No, I think 
we are going to need a little more time.” 
 
The idea here is to try to boil down what we said here, 
to a bunch of bullet points. And what I’d like you to 
think about is what bullet points you have in this list 
that you think are sheer nonsense or not useful, and 
then think in your way what other simple, pithy bullet 
points you would like to add to the list. This will be the 
building blocks of the longish paper, of what we hope 
to have a two-page policy forum paper in Science or 
Nature or something like that, that obviously cannot 
cover the depths at which we have gone here. So let 
me just try that. And again, this is just for yesterday’s 
morning, not any more. 
 
- Agriculture is inherently risky because of weather 
and prices. I said that. 
- Expect surprises: Marc [Levy] said that. 
- Risk is exacerbated by climate change and price 
volatility and food insecurity: a lot of people said that. 
 
Then the basics, the numbers—the issues of rain-fed. 
The fact that really very few people really know this, 
the fact that 
 
-90% of our cropland in U.S. and Europe is rain-fed, 
and only 10% of our cropland is irrigated. Pretty much, 
if we are asked, you’ll flip it and say the opposite. 
That’s why there’s a lot of risks. Irrigated agriculture is 
less risky. 

-There’s an inherent lack of sustainability, according to 
John [Ikerd] here, because of excessive preoccupation 
about efficiency. I would call this the “A380 paradox.” 
 
Shenggen Fan: Economic efficiency, it could be [xx] 
efficiency or other efficiency. 
 
Pedro Sanchez: This is a brainstorm so anything you 
say is acceptable, the idea of brainstorm just to get it 
going. 
 
I’ll call this now the A380 paradox, after Michael’s 
[Hauser] description of his buddy the pilot of an A380, 
because it’s perfect, but boy if something fails, I don’t 
think I want to fly that plane. We are in excessive 
preoccupation with economics. The point is not to 
discuss these things, the point is to get the idea, I 
wanted to get you a sense, and everything is open and 
we like to do this in the most participatory way 
possible. All things that you guys said yesterday. 
 
- Food insecurity is a global systemic crisis, put some 
orders of magnitude there, Jessica [Fanzo] said this, 
800 million hungry. 
 
- The agricultural food value chain is global, but it’s 
probably best looked at at the regional or local scales. 
Because of this enormous difference in [xx] levels and 
yield levels are we having. 
 
[1:27:37] - Agriculture-food system poses major risks 
to climate change—Now I’m not talking about the 
risks of climate change to agriculture, but the opposite. 
It accounts for 30%, I think. Tim Searchinger, I’m not 
quite sure I quoted you right, of what you expect [for 
agriculture emissions] to get to 70% of greenhouse 
emissions by X time. So you may want to correct me 
in that. 
 
- A new food system—Shenggen, said something I 
found very interesting—is emerging, focusing more on 
accessibility, sustainable intensification, more focus on 
nutrition, focus on food safety, resiliency, and a lot of 
new players. We could add security there, and all sorts 
of things. 
 
- Agricultural risk uncertainty is unlikely to motivate 
proactive action. This was Ezra [Markowitz] 
yesterday, and as a psychologist, he taught us a lesson 
that why aren’t people worried about what we are 
worried about? He elaborated on that. 
 
These are just 10 or 12 bullet points. And again this is 
just what I got out of yesterday morning. There is 
yesterday afternoon, there’s today’s morning. 
 
I would like your help on this. And I would like a little 
bit of discussion about the things that you consider so 
essential, about what was said this morning or 
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yesterday afternoon and must be in the main 
conclusions. 
 
And then later, we’ll have to figure out committee-
wise and all this stuff what are the follow-ups. But I 
would say some of the follow-ups would be to ask 
each one of you, as you take the train back or the plane 
back and so on, to try to complete this list, or you can 
also scratch anything out of here—this is all 
brainstorming. So we can have a product that we can 
circulate to all of you, saying, these are the main 
conclusions, sort of the headline news of what we have 
talked about. 
 
[1:30:02] Miguel Centeno: I’ll just say a couple 
words. I think we all owe a huge round of applause to 
Thayer and to Karla Cook, because they have been the 
system managers all along and have made the system 
go. Second, I have to apologize. I made the risky 
decision of having children, and unfortunately there’s 
no redundancy for them and I have to leave right 
before lunch. So my apologies, my apologies to Pedro, 
my apologies to all of you that I have to leave. 
 
I want to make just one substantive comment that I 
think would be worth discussing later on. One thing 
that struck me about all the conversations was how 
much you were treating agriculture as if it were a 
purely endogenous system in and of itself. What I 
suggest we need to do is to expand that zone of 
endogeneity. That is, that the agriculture system we 
were talking about as if between the growth of the corn 
and the consumption of the cornflake, there were not a 
lot of various steps that rely on very complex systems 
in and of themselves.  
 
Whether we’re talking about the internet, allowing for 
certain flow of prices, the revolution in Africa with the 
cellphones and how local farmers are now much [more 
technologically capable]—all those various systems 
make a difference on agriculture. Shipping, I didn’t 
hear anyone talk about whether there has been a 
shipping revolution in agriculture similar to the 
container. What are the issues involved in these kinds 
of things? What I’m hoping we can do over the next 
year or so as we continue to communicate, maybe we 
can get back together, find some funding, etc., is to 
really expand that zone of what the agricultural system 
might be. It might take us very far away from soil or 
consumption and to look at all those steps in between 
and how they themselves may be subject to failure. 
 
On that note, I’ll give it back to you Pedro. 
 
[1:32:21] Pedro Sanchez: I think that’s another bullet 
point, right there. Now, more general ideas? 
 
Laura Kahn: One area that has not been discussed is 
the role of aquaculture, and there are many inputs into 

that system, the benefits of it are that you have stable 
fish supply and also we decrease the problem of 
overfishing the oceans, but there’s inherent risks 
involved with aquaculture, including using lots of 
antibiotics and the wastes that come out of aquaculture, 
so I’m just throwing that out there as something—it 
relates to ocean health, and human health that I think 
should be somewhere included in this. It’s not just 
terrestrial, but it’s aquatic as well. 
 
[1:33:45] Pedro Sanchez: Right. Very good. The 
definition of agriculture we’re normally using is 
agriculture—you have a culture thing—is a human-
dominated ecosystem that produces crops, livestock—
we are not talking about elephants, we are talking 
about cows—forestry, and agro forestry, and fisheries. 
But the kind of fisheries we talk about are exactly the 
aquaculture, not the wild species. Those are sort of the 
limits, the broad limits of agriculture. You’re 
absolutely right and I think that’s a good point to 
make. Aquaculture, as it is growing very rapidly, has 
tremendous pluses and tremendous minuses. And 
that’s certainly absolutely right. Thank you very much. 
 
[1:34:10] Otto Doering: I can’t encapsulize it, but this 
last session this morning and the earlier session this 
morning really tried to focus on complexities of 
systems and how we deal with complex systems. I 
think that has to be a question I’m not sure we can 
answer in this. But I would also argue that we’re 
dealing with systems that are complex in ways that 
make reductionist science very difficult as the sole 
analytical tool to deal with them. That’s why I brought 
up the wicked problem. But the systems that we’re 
dealing with—I have hit it terribly hard in natural 
resources and soil conservation and environmental 
preservation. It is almost impossible to look at nexus of 
these, and how you get decisions made in the nexus of 
these on a reductionist basis. 
 
[1:35:10] Pedro Sanchez: Reductionism helps us a lot, 
but if you’re a reductionist scientist, you shouldn’t be 
here. 
 
Otto Doering: No, they can help! They’re good 
people! Some of my best friends are reductionist 
scientists! 
 
Miguel Centeno: But you can’t trust them to ride your 
bike, though. (Laughter) 
 
Otto Doering: Nor my Lamborghini! 
 
[1:35:35] Xenia Morin: Along the lines of things that 
haven’t been discussed here, that I think is important to 
talk about, is opportunities to improve food security in 
a way that’s environmentally beneficial. And one thing 
that my group has worked on quite a bit is looking at 
air pollution, and specifically surface ozone 
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concentrations, and how they bring yields down 
substantially for some crops. And so there is an 
opportunity then, if you can reduce air pollution, you 
can increase global food yields in a way that’s 
environmentally very attractive, or in areas where it’s 
not possible to bring down those surface pollution 
levels, you can choose crop cultivars which are more 
inherently resistant to ozone, and then boost yields.  
 
This is something that’s being discussed more in the 
research community, but it’s something that’s been 
fairly invisible I think because as an example, in China 
they’ve been developing hybrid rice cultivars that are 
very high-yielding, and it was very unapparent that if 
those cultivars were grown in low-ozone 
environments, the yields would have been even higher. 
There’s opportunities here where you can have win-
win situations as long as the system allows for 
identification and distribution of some of these 
opportunities. 
 
Pedro Sanchez: So the issue of including the effects 
of air pollution is fine. Actually you’ve got tradeoffs 
and synergies there. There’s a massive epidemic of 
sulfur deficiency in crops now, worldwide, particularly 
when we clean the air in the industrial countries. Now 
we make fertilizers so high in nitrogen and 
phosphorus, there’s no sulfur there. But even in places 
where there hasn’t been a need to clean the air, we’re 
getting the deficiencies because of the fertilizers. 
Showing a graph there of sulfur going down between a 
couple of countries. Sulfur is an essential nutrient and 
it’s going down from a rainfall because of us cleaning 
the air. That’s a tradeoff, and I’m all for cleaning the 
air, but that’s a tradeoff. So we have to look at ozone 
damage, but we have to look at the consequences of 
cleaning the air. 
 
[1:37:53] Marc Levy: I see this short paper as maybe 
having three acts. One is the challenges in global 
agriculture. The second is an explanation of those 
challenges as a function of the systemic risk that’s 
coupled across systems, the ones that are listed up 
there on the board. And then the third act is not in your 
notes yet, which is you know, what to do about it, the 
implications for governance. If you think about the 
evolution from the Millennium Development Goals to 
the Sustainable Development Goals, the MDGs had 
just zero intelligence regarding systems. They were 
just very old-fashioned stocks-and-flows approaches to 
management. The SDGs have just a little epsilon 
movement toward systemic sensitivity, but it’s still 
miniscule compared to the magnitude of the challenge 
we’ve laid out here. So I think it would be interesting 
to kind of flesh that out and be really upfront about it. 
 
[1:38:58] Pedro Sanchez: Great idea and absolutely. 
The MDGs were developed by politicians. 
 

[1:39:10] Shenggen Fan: Just to follow up on what 
Marc [Levy] said. The SDGs proposed like 17 goals, 
maybe 19 goals now, and 169 targets. What we can do 
here is to use a system approach to achieve several 
goals together. That’s probably the strong 
recommendation or solution we can have. Because I 
heard about the challenges there. But I have not heard 
about potential solutions for us to work together, to 
move forward. 
 
Pedro Sanchez: Both are very very good points. 
Saying again, the MDGs were provided by politicians 
and UN bureaucrats. And with all respect to both of 
them, they came out with very different things. Cut 
hunger in half, and employ more population, for 
example, and issues like that. So the SDGs I think are 
better in this sense because there has been more 
science in them. But still you have that weakness there, 
and we’re talking about Target 1 or Target 2 and so on. 
There might be tradeoffs and synergies among several 
targets. 
 
[1:40:15] Ezra Markowitz: So I would just quickly 
reiterate the point that I think Michael [Hauser] made, 
and it also came up in Stephen’s [Pacala] discussion of 
the more normative side of things, which is that we’ve 
been talking about what are the problems and some of 
the possible solutions. The thing is that there are lots of 
different solutions. And each solution comes with its 
own costs. So when we’re thinking about managing 
risks, one of the things we’re trying to do is to smooth 
the hit that we get to wellbeing writ large when 
something bad happens, And we expect bad things to 
happen. That’s what we are trying to do.  
 
We can smooth that hit in different ways. We can 
borrow from the future. We can borrow from rich 
people today. Or we can set ourselves up to be able to 
smooth that by sacrificing in the past. We have 
different places where we can go. Some of it is just 
descriptive but some of it is also normative. We can try 
and lay out principles; we are trying to figure out 
which solutions make the most sense when we’re 
trying to maximize multiple goals, but trying to do it in 
a way that is fair, or whatever the underlying principles 
might be. We have to pick what those are rather than 
let them just be implicit in how we’re making these 
decisions. 
 
[1:41:19] Miguel Centeno: Those three, those are 
really really nice. Those are the three choices: from the 
past, from the rich, or from the future. That’s a very 
nice way of putting it to add to the third part of the 
article that Marc [Levy] was mentioning. 
 
[1:41:33] Pedro Sanchez: What we’re doing now is 
taking it from the poor. 
 



Panel 6 

103 

[1:41:35] Otto Doering: Yes, we take from the poor. 
That’s number four. 
 
[1:41:52] Luc Christiaensen: I think what makes this 
gathering also different is this idea of systemic risk and 
actually, the fear that the whole system may collapse. 
That’s what I really take away. That it’s so complex 
and could it come to a point where basically the whole 
world is crumbling and may not even achieve, or at 
very high costs. It’s sort of the 2007-08 financial crisis 
being repeated. There was a food crisis happening at 
the same time, so that we got it all coming together. 
That outcome, was that inherent to the system, and has 
anything changed really? Or can we predict already 
that a repeat will happen? So we have five years 
further.  
 
Are systems in place now, or have been improved, so 
that at least on the food side, this is not going to repeat 
itself? That is the overarching question, or that’s how I 
interpret it, for this gathering. I’m a bit afraid. 
Distinguishing that sort of risk is very different from 
the fact that rainfall is inherently volatile, and the way 
the profession has been dealing with that, or different 
ways, etc. But the systemic part of it I think is what 
would really distinguish this from other work. So 
maybe the focus of the two-pager seems to be there. 
That brings us to complexity, that brings us to the 
tradeoff between efficiency and risk: So have we made 
the system so lean so that it does lose any resilience. I 
think the reflections around has really fascinated me in 
these two days. 
 
Pedro Sanchez: Luc [Christiaensen], I’m going to ask 
you to work with Marc [Levy] right afterwards to boil 
this down to a couple sentences, because that was a 
speech and that was great, but let’s see if we can get 
the gist out of that into a little part. 
 
[1:44:00] John Ikerd: I was just going to follow up on 
what you were saying. I don’t think the economic 
situation is any better than it was before the crash of 
2008. If you look at where the global economy is 
today, all the countries are doing everything they can 
to make the economy move and it isn’t moving, it’s 
just hanging on the edge. Running huge budget 
deficits, we’ve got zero interest rates for 4-5 years 
now. Before if we would fight a war, it would get us 
out of a recession. I don’t think we can afford any 
more. If you’re counting on the economy somehow 
being stronger and bailing us out, I think the 
economists are counting on the people again to bail 
them out if everything collapses. So that’s not a very 
encouraging thing, but I think It’s something we have 
to deal with. It’s a very risky time in human history. 
 
[1:44:52] Cheryl Palm: I’ve learned an amazing 
amount from the last day and a half, and so I really 
liked what Luc said and I know there are lots of groups 

talking about agricultural risk. Are other people 
involved in these? What else is different about this 
group and some of these other groups that people here 
are involved it. It would be interesting to hear about. Is 
it just repeating what other people are reading or is this 
something different? 
 
[1:45:40] Xin Zhang: We have been talking about the 
resilience from the production side, and also the whole 
delivery system. We didn’t talk much on the resilience 
side from the end of the consumer. It’s especially 
important for the currently richer [newly rich] 
countries who are adapting to larger consumption of 
meat and consumption of food in a beautiful shape. 
From the food delivery system is trying to meet that 
demand. It’s not necessarily—it’s kind of spoiling the 
consumer side. I think the response from the consumer 
is also important. 
 
What I’m saying is that consumption or the people’s 
diet should be also directed in the right way 
considering both the health impact and also the 
environmental impact. 
 
[1:46:50] Pedro Sanchez: [hoping to clarify] So it’s 
look at the consumption side more, look at the 
resilience, and in terms of health and in terms of 
economics. Good, we got three more. 
 
[1:47:17] Otto Doering: We have assumed for the last 
several days the human factor. In essence that we will 
have the management skills, that we will have the 
trained people, and we will have farmers who will do 
the right thing, whether it’s a local-level set of 
decisions or not. We really sort of assumed away the 
whole human capital part. 
 
Pedro Sanchez: I think that is very true. We haven’t 
talked about need for training, and this kind of stuff. 
We assume that we have all the brains that we need to 
do that, and obviously we don’t. 
 
[1:47:40] Laura Kahn: Following up on what she 
said, I think one of the things that has been so 
beneficial about this particular forum is that it’s been 
so interdisciplinary. Usually, we are in our little silos, 
talking with people in our own fields, and we speak the 
same language, and just trying to understand 
everybody else’s different professional language has 
been really interesting. I think approaching some of 
these wicked problems really requires a very 
multidisciplinary approach: scientifically, 
economically, legally. Everything that people brought 
to the table needs to be looked at in this holistic way, 
and not just one discipline. 
 
Pedro Sanchez. Yes, absolutely, and please don’t use 
acronyms, or if you use them, define them because we 
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don’t know your local tribal language and you don’t 
know mine, and so on. 
 
[1:48:49] Erik Chavez: Just to get up to follow these 
series of comments. For the third part of the paper that 
Marc [Levy] suggests, I think there is a series of 
initiatives or forums where food security is being 
discussed by a number of different people. So there is 
multiple [xx] pass or failure initiative and then there is 
several think tanks that I think of that are carrying out 
an agenda on food security. And this is as you said—
and I know of a few others—this is by far the more 
interdisciplinary place that I can think of maybe you 
know many more, that is really taken from the ground 
up, really interesting work. And then, the well I think 
differences and the added value of this where it needs 
to be made explicit and how it adds up to other 
conversations that are taking place. I think it needs to 
be made quite explicit toward the question of 
governance. 
 
Pedro Sanchez: Thank you. I think I am going to stop 
it here because of time. Thank you very much 
everybody. I think you have been wonderful. Thanks 
very much.   
 
____________ 
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interaction 
▪ Miguel Centeno, Princeton University, Conference Co-Director/Co-Host 

Musgrave Professor of Sociology; Professor of Sociology and International Affairs; Chair, 
Department of Sociology; Director, PIIRS Global Systemic Risk Research Community, 
Princeton University 

 Ecological structure and function, carbon cycle, greenhouse gases 
▪ Stephen Pacala 

Frederick D. Petrie Professor in Ecology and Evolutionary Biology, Director, Carbon 
Mitigation Initiative, Princeton University 

 Complexity, resilience, and transformation of agriculture and food systems 
▪ Michael Hauser 

Assistant Professor, Director, Centre for Development Research, University of Natural 
Resources and Life Sciences (Vienna) 

 Assessing potential of climate mitigation, adaptation in agriculture, “American Climate 
Prospectus” 
▪ MODERATOR: Robert Kopp 

Associate Professor, Department of Earth & Planetary Sciences, and Associate Director, 
Rutgers Energy Institute, Rutgers University 
 

12:15pm PANEL 7: Closing Remarks 
 Recapitulation of goals from this conference 
▪ Pedro Sanchez, Columbia University, Conference Co-Director and Co-Host 
▪ Miguel Centeno, Princeton University, Conference Co-Director and Co-Host 

 
12:30pm Buffet lunch 

_____________ 
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Ahmed, Shukri Team Leader for Early Warning and Vulnerability assessment and 
Analysis group within the Trade and Markets Division, FAO 

Centeno, Miguel Conference Co-Director and Co-Host, Musgrave Professor of 
Sociology; Professor of Sociology and International Affairs; Chair, 
Department of Sociology; Director, PIIRS Global Systemic Risk 
Research Community, Princeton University 

Chavez, Erik Research Associate, Business School, Finance Department and Civil 
and Environmental Engineering Department, Imperial College, 
London 

Christiaensen, Luc Senior Economist, Development Research Group, World Bank 

Cordes, Kaitlin Associate Research Scholar, Columbia Center on Sustainable 
Investment, Columbia University Law School & The Earth Institute 

Doering, Otto Professor of Agricultural Economics, Department of Agricultural 
Economics, Purdue University 

Ekwall, Barbara Senior Liaison Officer, Liaison Office for North America, Food and 
Agriculture Organization of the United Nations 

Fan, Shenggen Director General, International Food Policy Research Institute 

Fanzo, Jessica Assistant Professor of Nutrition, Director of Nutrition Policy, Center 
on Globalization and Sustainable Development; Institute of Human 
Nutrition and Department of Pediatrics, Columbia University 

Hauser, Michael Assistant Professor, Director, Centre for Development Research, 
University of Natural Resources and Life Sciences 

Ikerd, John Professor Emeritus of Agricultural & Applied Economics, College of 
Agriculture, Food and Natural Resources, University of Missouri 
Columbia 

Kahn, MD, Laura Research Scholar, Program on Science and Global Security; Princeton 
University 

Kopp, Robert Associate Professor, Department of Earth & Planetary Sciences, and 
Associate Director, Rutgers Energy Institute, Rutgers University 

Levy, Marc Deputy Director, Center for International Earth Science Information 
Network (CIESIN); Adjunct Professor of International and Public 
Affairs, Center for International Earth Science Information Network; 
Earth Institute, Columbia University 

Markowitz, Ezra Assistant Professor, Department of Environmental Conservation at the 
University of Massachusetts Amherst 

Osgood, Dan Lead Scientist, Financial Instruments Sector Team; Associate Research 
Scientist in Economic Modeling and Climate, International Research 
Institute for Climate and Society, Columbia University 

Pacala, Stephen Frederick D. Petrie Professor in Ecology and Evolutionary Biology, 
Director, Carbon Mitigation Initiative, Princeton University 
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Palm, Cheryl Senior Research Scientist; Associate Director, Center for Globalization 
and Sustainable Development; Director, Millennium Villages Project, 
Agriculture and Food Security Center, Lamont Doherty Earth 
Observatory, The Earth Institute, Columbia University 

Puma, Michael Conference Co-Organizer, Associate Research Scientist; Adjunct 
Assistant Professor, Center for Climate Systems Research; NASA 
Goddard Institute for Space Studies, Columbia University 

Rubenstein, Dan Class of 1877 Professor of Zoology; Professor of Ecology and 
Evolutionary Biology; Director, Program in African Studies, 
Department of Ecology and Evolutionary Biology, Princeton 
University 

Sanchez, Pedro Columbia University, Conference Co-Director and Co-Host, Senior 
Research Scholar, Director, Agriculture and Food Security Center, The 
Earth Institute, Columbia University 

Schlenker, Wolfram Associate Professor of International and Public Affairs, School of 
International and Public Affairs, Columbia University 

Searchinger, Tim Research Scholar, Woodrow Wilson School, Science, Technology, and 
Environmental Policy Program (STEP), Princeton University 

Shafir, Eldar William Stewart Tod Professor of Psychology and Public Affairs, 
Princeton University 

Socolow, Rob Professor of Mechanical and Aerospace Engineering, Co-Director, The 
Carbon Mitigation Initiative; Director, Climate and Energy Challenge, 
Princeton Environmental Institute, Princeton University 

Turvey, Calum W.I. Myers Professor of Agricultural Finance, Director of Graduate 
Studies, Charles H. Dyson School of Applied Economics and 
Management, Cornell University 

Wargo, John Tweedy Ordway Professor of Environmental Health and Politics, 
School of Forestry & Environmental Studies, Yale University 

_____________ 

 


