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This articl
30" Interndtio nference of Agricultural Economists in Vancouver, Canada, on 29 July 2018. The

on a transcript of the Leonard K Elmhirst Memorial Address, delivered at the

d

presentation provided an overview of work that | have done recently on comparative advantage, its

role in ural trade patterns and trade-driven changes in welfare. Two topics are addressed: (i)
the static gai intra-national agricultural trade due to comparative advantage; and (ii) how
trade te consumption losses and food insecurity from changes in agricultural

productivity caused by drought and climate change.
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Thank you very much for the chance to be here—it’s a great pleasure and a real honor. | remember

vividly in grad school when | discovered some of the early handbooks of agricultural economics in

t

P

the library, elt that this was the missing textbook in “How to be an applied economist”. It was
those sort that pushed me in the direction of some of the work | ended up doing in

graduatEs ool'and afterwards. And so I’'m obviously delighted to be here to tell you about some of

£

that work, as,wefl as to have the chance to learn more over the next few days.

SC

Will (Martin, President of the IAAE) asked me to speak about some of the recent work I've been

U

doing. Thisgi the theme of comparative advantage and its role in agricultural trade patterns

and trade-@fiven changes in welfare. This obviously draws on work that I’'ve done with lots of other

N

people. I'll b ing to work in particular with Robin Burgess (e.g. Burgess and Donaldson, 2010),

and Arnau t and Corey Smith (e.g. Costinot and Donaldson, 2016; and Costinot, Donaldson

a

and Sm am a trade economist at heart. In fact, | view the area of “trade” fairly liberally—

so | thi economists are trade economists: we’re studying trade between one group of people

M

and another group of people, often on two sides of a market or possibly on two sides of the world.

I

The questi ome up in this area — the policy questions — the ones that get me, and many of

us, out of| @ the morning, are very hard. They typically involve a bewildering number of

interacting ents in a general equilibrium framework, with very little experimental or quasi-

1

experi j@tion on which we can draw as empirical scientists. And so we lean heavily on

{

theory to ctit through the fog. | view that theory as helping us to map the raw things we see in the

data to the questighs that require more than just what is in the data.

3
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| am going to talk today about some theory, going back to Ricardo’s now more-than-200-year-old

body of work. It’s the model of comparative advantage, but it’s really the simplest one you can start

t

rip

thinking a and I'm going to talk about two aspects of the lessons from Ricardo, using some

data.

C

My talk to will fover two broad themes: The first is about levels. If you live in an economy that is

opening u e, the “levels” question is: how large are the static gains from that new

S

opportunity to trade? In the second part I'll be talking about volatility, which of course relates to the

U

issues of f ity that Will Martin just mentioned in his Presidential Address. The question here

is: can trad@ mitigate volatility? So that’s the roadmap for today.

n

1. Trad tivity

Ma

| am go —maybe foolishly, but Will encouraged me, as my old physics teacher used to say,

never to underestimate how much people enjoy hearing what they already know—with Ricardo’s

I

famous ex "Sight out of an Econ 101 textbook. This is Sunday morning. It’s early. So we’ll start

with an ea ere is a simple table with what has been called Ricardo’s “four magic numbers”

(Samuelso . 378). In Ricardo’s example there were two countries and two goods. You could

N

call the r people, and sectors or activities, or whatever else you want to call them. But

{

let’s stick with two countries, England and Portugal, and two goods, which in the famous example

This article is protected by copyright. All rights reserved.
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were cloth and wine. Ricardo’s four numbers are replicated in Table 1. Each hypothetical number in
this example represents the number of workers that will be required in that country to make a unit,

however defi of the good in question.

Pt

|
Table 1: Anjillustration of comparative advantage

( > Cloth Wine
England 100 120
Wm 90 80
mmthe number of workers it takes to make one unit of the good
Source: Eat ortum (2012)

As you can is example, it takes 100 English workers to make a unit of cloth, but it would take

an

120 such k make a unit of wine. In Portugal things are different, and differences are at the

heart o ative advantage. England has a comparative advantage in producing cloth and

M

Portug tive advantage in making wine. Another way of illustrating this is with the

familiar production possibilities frontier (PPF) for two countries (Figure 1). These have different

I

slopes, wh key difference that gives rise to comparative advantage.

Anothe

ho

ing this that’s slightly less common in the Econ 101 textbooks is illustrated in

{

Figure 2 world production possibilities set. The dots show possible patterns of production

specialization in this world economy. To the top left, there’s a dot that represents how much world

H

This article is protected by copyright. All rights reserved.
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Amount of wine produced

Author M

output would be achieved if both countries produced only wine, and to the bottom-right if both
produced only cloth. The dot to the north east, the upper right, is what happens if England makes
the wormm Portugal the wine. The not-so-happy point that’s inside the PPF is what would
happen if backwards and England made the world’s wine and Portugal made the made
the wor’d’iW—Just imagine! One can see right there the logic of comparative advantage driving

gains from tradeaIn a trading equilibrium, from the global perspective any of the points on the PPF

C

are possib ction bundles for the world as a whole, and, hence, they’re also possible

consumpti@n Blindles for the world as a whole, and points interior to them are inferior. Anything

3

that involv ies not trading is going to involve a bit more of a mixture of countries doing the

U

wrong thing: y how this world splits up those gains from trade involves further argument, but

we usually@hink that both sides will enjoy at least some of it, so there’s a strong argument there for

[

gains from both parties.

d

England Portugal

Amount of wine produced

This article is protected by copyright. All rights reserved.
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Amount of wine produced in the entire world

Amount of cloth produced Amount of cloth produced

-

Scrip

Fig. 1: Each country’s production possibilities frontier

Both wine

England: cloth

Portugal: wine

England: wine

Portugal: cloth

This article is protected by copyright. All rights reserved.
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Both cloth

L

Amount of cloth produced in the entire world

[

Crll

Fig. 2: Glo d comparative advantage for two countries

This simpl can be generalized slightly by adding a third country. There are still two goods,
but now I’ digg France with some hypothetical productivities in cloth and wine, as reflected in

the world P ure 3.

US

All 3 wine

England: cloth

Portugal: wine

France: wine

England: cloth

Portugal: cloth

France: wine

This article is protected by copyright. All rights reserved.
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All 3 cloth

el °

Q Amount of cloth produced in the entire world

|
Lig. 3: Global PPF and comparative advantage for two countries

O

This looks sm Figure 2, with just an additional, third flat segment. We can generalize that point

and imagi with many such small units of analysis. Think of them as parcels of land or sub-
countries s re in the world, for example, and the PPF now starts to look relatively smooth. Of
course, in thelimit, it would be perfectly smooth as we go to the extreme of many infinitesimally

small coun

Another wmng the gains from trade is illustrated in a picture that I'll refer back to throughout

this tal 4). In this, I've partitioned the world into two countries, but each country has a
number O ent parcels of land so each country has a smooth but otherwise well-behaved PPF.
In this exa PPFs are crossing. If these countries trade freely and without any transport costs
there mmon relative price. For a wide range of different types of preferences the slope

of the dotted line would be this unique relative price. The countries can trade and maintain
balanced tgade (that is, without the need to borrow from anybody) and hence allow consumption
anywhere L

PPF, but ¢
consumpti

otted line. And that’s the beauty of trade: you can produce at the dot on your

2

2 elsewhere on the dotted line. Another way of saying this is that additional
dilities are opened up for either country (illustrated by the area under the dotted

line, but aboveéthe PPF).

This article is protected by copyright. All rights reserved.
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Consumption possibilities if countries
both specialize and then trade freely

t

wine produced in
B B

in either country

Amount of cloth produced in either country

Fig. 4: PPFs of 2 countries, each with many sub-regions

This article is protected by copyright. All rights reserved.
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Now consider Figure 5. What I’'m trying to illustrate here is a possibility where you, the analyst, know

the PPFs in your region, and you, early in time, see alternative production bundles (as represented

t

ript

by the smaller dots). Imagine that, over time, each country’s smaller dots move in the direction of

the arrows the large ones on the dotted line. What could be going on here?

One possilillity wallld be that, early on, these countries are not trading. So they might be facing

C

barriers to t mean the prices that prevail inside country one or country two are different.

S

That would be one rationalization for why we might see production taking place at these smaller

U

dots that from larger dots (where there is one common world price and hence no price

distortion)@But If we were to observe these two countries with their small production bundle dots,

N

and saw tha small dots were moving closer and closer to the dotted line, then we would see

ok

that there gate gains being realized even as each country remains on its PPF. In that sense,

there a within-country productivity gains, as neither country’s own PPF is changing, but the

world i ing more allocatively efficient—more productive as a whole—as prices move closer

M

and closer to being equalized. Another way of saying the same thing is that if there are lower

distortions

I

e gains from trade.

This article is protected by copyright. All rights reserved.
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Consumption possibilities if countries
both specialize and then trade freely

t

wine produced in
1 I

in either country

Amount of cloth produced in either country

Fig. 5: Growth due to increased gains from trade over time

This article is protected by copyright. All rights reserved.
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I've asked myself for a long time what might this look like in reality. It’s fairly standard, even
hackneyed, to ask what it looks like in a textbook. But what does it look like in the real world out
there? Mrst thing I’'m going to talk about that I've worked on is a setting where agriculture
was very i here it was plausible that Ricardian forces were at work, and where these
regions-st wrade more with one another. The particular case I'll be talking about is British
colonial India duging the railroad building era, in which a dense network of railroad lines was built
connectinga

smaller subunits of colonial India. In this regard, I'll be talking about 235 such

subunits that iy British India were called districts. The period for which data exist and railroads were

$

still unfold 0-1930. The setting, therefore, is that we know of two regions — or 235 regions,

U

really — w this advancing opportunity, thanks to the railroads, to trade more with one

another. D@they look productively more efficient throughout that time?

(O

G

Figure a sense of the improved trade opportunities in colonial India throughout this time

period. e railroads were built, trade was confined to the coastlines and the relatively small

M

number of navigable rivers (Panel A). By 1930, by contrast, every one of the 235 districts had a rail

I

line (Panel

This article is protected by copyright. All rights reserved.

Autho

12



A }“
“‘%\.‘4‘\ ! - 7
bl
N e

Panel A: 1853
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There’s a lot going on here. Prices are changing, trade flows are changing, output quantities are

changing, and economic welfare is changing. I've discussed a lot of that in Donaldson (2018). Here,

t

P

I'd like to zo in on the main punchline that relates to today’s talk, which is shown here in
regression lumn 1 (Table 2). This is a difference-in-difference regression with district and

year fixed Sffects Tun across the 235 districts for the 60 years. There’s a statistically precise sense in

£

which there’s a strong association between the arrival of railroads in a district and improvements in

total agric come (measured as the value of production divided by the consumer price index

C

over thosefsa ods). To be more precise, there’s an approximately 25% increase in agricultural

$

income in age district when it gets access to a railroad line. We should, of course, be

U

skeptical a ether this implies the railroads caused this improvement, but | think there’s a lot

of things iRlthe data that are consistent with this being an unbiased estimate of the true causal

A

effect of s vement in the railroad network.

d

Colum e table does something slightly different. It says, well, if trade were to explain this,

M

then surely controlling for trade would make the relationship go away. The regressor that’s added in

[

the secon does exactly that. Trade flows themselves are not observed particularly well and

would be @ndogenbus even if they were, so what | use here instead is a prediction of trade flows

based on a r Ricardian model (based on Eaton and Kortum, 2002) which accounts for things

n

seen in ts of the data involving prices and trade flows and rainfall. Column 2 asks: if we

{

try to cont or the Ricardian motives for trade, does the coefficient on railroad access fall? And it

J

does, by about . In a very crude sense, that suggests that this Ricardian model is capable of

This article is protected by copyright. All rights reserved.
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accounting for about half of the impact of railroads in the case of India. That doesn’t prove that

Ricardian trade (or even necessarily any other model of motives for trade) had anything to do with

t

P

this. But it IS certainly consistent.

Il

This then uestion of, given those PPFs we saw earlier, how large would you have expected

C

the gains ffom tra@le due to railroad access to have been in a setting like this? Now, that is a hard

question, e economists don’t ever have data on PPFs, just as we don’t ever have data on

S

demand curves and supply curves. What we have instead is data on the quantity produced, the

U

quantity c , and the prices that prevail for a product at a given point in space and time. A

similar profem arises here, but the more | thought about this in the case of the Ricardian model, the

N

more worrie

c

Why do | s ? The logic of Ricardo’s four numbers is that you gain in a trading equilibrium,

)1

relative to an autarkic one, exactly from not doing what you are bad at doing. So England is not

producing Wine in the Ricardian example, and Portugal might also not be producing cloth in the

d

Ricardian But if an econometrician named David Ricardo came along and asked, “how

0O

efficient is E d at making wine?”, and he only observed the trading equilibrium, he wouldn’t be

able to kn the answer. Indeed, it is a feature inherent to the Ricardian model that anywhere

3

outside e econometrician could not hope to know Ricardo’s four magic numbers. This is,

|

of course, what ec@nometricians call an identification problem.

Ul

This article is protected by copyright. All rights reserved.
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Table 2: Railroads associated with increased income, India, 1870-1930

Log of real agricultural income, corrected for rainfall (1) (2)
m 0.258 0.124
(0.050) (0.050)
“Trade ShaFEIg8Ig@Mputed in model -1.587
(0.177)
Observati (nunaber) 7 086 7 086
R 0.835 0.844

Source: Donaldson (2018, p930)

-

| don’t thircntiﬁcation problem in the Ricardian model is particularly unique in that regard.

This is nothing more than a selection problem that pervades lots of what we as economists do, but

the difficulm that it cuts to the heart of the Ricardian model because the gains from trade in
this m tirely from selection. So if we want to speak about how big we think the gains
from trad e better know a lot about selection — yet this is hard when we can’t usually see the

differences in productivity that drive the selection process. As an aside, this problem also comes up

in the Iabowics literature, for example, where they call the Ricardian model the Roy model
(Roy, 1951®ase, if you were to ask yourself who will become a dentist and who will become
an economist, the Roy model can predict the outcome if the econometrician using the Roy model
knows @verybody in the economy is at being an economist and at being a dentist. But

(thankfw labor markets are in a trading equilibrium and so (thankfully) none of us do both

< This article is protected by copyright. All rights reserved.
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of these tasks at the same time. And so we can’t really hope to use the Roy model because we can’t
hope to observe the necessary primitives.

Becausemthatmkeymidentification problem cuts right to the heart of the Ricardian model, Arnaud
Costinot aginterested in the work of agronomists, and of economists using the work of

agronomists, becalise in some sense a major goal of agronomists is to be able to tell farmers about

the farmer, Mthe options available to those farmers. An example of such work by agronomists

S

comes from the Global Agro-ecological Zones Project (GAEZ) of the FAO that estimates the suitability

U

of every s arcel on Earth at producing different crops. Figure 7 gives a sense of this work. It

zooms in e relative productivity of two crops, wheat and cotton, in the thousands of grid cells

n

studied by G in the case of the United States.

a

So we have ds, but far more than two “countries”. Each pixel in this picture is like a country,

WA

which of course would make Ricardo weep with joy because this figure is screaming at us that there

is a huge sé@pe for Ricardian gains from trade in this world,. There are regions that are really good at

E

wheat and d at cotton, and there are other regions that are good at cotton and really bad at

QO

wheat. And just two crops, but there are lots of other crops, and hence lots of complexity to

which this @oesn’t do anywhere near enough justice, but you can see the basic idea that we know

h

we live i

[

eneous world. These plots of land are all different, and these differences give rise

to potentially hugélgains from trade in a Ricardian world.

Ul

This article is protected by copyright. All rights reserved.
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Relative Productivity Ratio
Wheat to Cotton

P High : 8.475

Low : 0.792

Fig. 7: Suitability estimates for wheat relative to cotton

dlnl

So, I'm go k now about some calculations I've done with Arnaud Costinot (Costinot and

Donald

try to answer the question: how big are the gains from agricultural trade within

the Uni s? But instead of quite doing that, we're do something just a little more modest,

M

which is to ask how much those gains have been exploited so far, meaning from when the data

[

started in til about 1997. The data consists of a panel of roughly 2600 US counties, with a

median nu dentified grid cells per county of 26, that can be tracked through that time. The

basic intuiti hat we did was very simple — we asked whether these GAEZ estimates are

possibl

This article is protected by copyright. All rights reserved.
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Now of course if the GAEZ predictions about the PPF are completely wrong (or completely off in

some particular time period for which GAEZ didn’t hope to be accurate) then this knowledge is no

t

D

help. But rnaud and | worked out is that if the GAEZ predictions are wrong in a particularly
structured e can use auxiliary data to derive a set of corrections. The basic insight is that,

thanks 5 . Census data at the county level, we know both the total volume of production and the

total amount, of land that was required to achieve that production, for every crop and every Census

Cr1

year (from wards). As long as the GAEZ model is correc about the nature of within-county-

year comp@rative @dvantage (across grid cells within the county) then, with the help of the two

$

pieces of formation, you can adjust the PPFs inwards, outwards, and with rotations, as

U

needed to e Census data and the GAEZ information on comparative advantage. We have

done this f@r 16 leading crops (plus an outside land use activity) for which data were available for the

A

120-year p ulting in a 17 dimensional PPF for each county in each year.

d

That's e: adjust the GAEZ estimates in order to match the output and land use under the

M

assumption that farmers are price-taking and profit-maximizing. The second step is to acknowledge

that the sl

[

PPF at the point at which production is actually occurring must be the vector of

relative fa rices that those (rational) farmers are facing. That of course is easy to figure out

once you k PPF and where production is taking place: it’s the dot on the dotted curve shown

n

earlier e slope there tells you the relative price for that county and that year, if you are

|

doing it for®one county in one year.

This article is protected by copyright. All rights reserved.
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Now, instead of asking a hypothetical question about what would happen if that county were able to
trade freely, we ask something a little bit more mundane. Take that same county in the future (call

that time t) and ask: if | were to give the county in year t the farm gate prices from the future

pit

t" how mu less, productive would year t have looked? Recall, also, that distortions are
only deﬁn in reference to relative prices, so what we care about is the farm gate prices relative to
the national whalesale price, in other words a sort of wedge between the farmers’ price and the free

trade price! , therefore, going to look at the county-specific wedges and how they change

Cri

over time. Bute Jgan estimate one of these wedges for every crop, county and year. And then we

S

can ask ho ore or less valuable aggregate, national production in year t would have been if

U

the farmer faced the wedges from year t’.

all

Note that othing in this calculation that necessarily implies that there will be gains from

moving ear t to year t’. It could be that the wedges that rationalize the production choices are

actually, g over time, opposite to the hypothetical case in Figure 5 where the production

M

bundles in each country are moving towards the more efficient equilibrium.

This article is protected by copyright. All rights reserved.
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1980

2000

solid dots: gains from between-county integration (as if a trading technology). Lower line

with hoIIowﬁ\s from within-county PPF movements

Fig.8: Estimated gains from internal integration of US agricultural markets

What we do find is illustrated in Figure 8. Panel (a) shows our estimates for 1880 through 1920, and

panel (b) t&overing 1954 to 1997. There are some data concordance problems that prevent

us from c01920 to 1954 without further assumptions, so we have not done that. However,

US-wide answer to {ny previous question: if you were to take that county out of year t and into some

year t'in thﬁ how big would the gains be? In all these pictures, the last year is always going to

< This article is protected by copyright. All rights reserved.
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be the year t. Thus, in the example of panel (b) year t'is 1920. So obviously if you take 1920 and you
replace 1920’s price wedges with itself, you should get no gains, which is precisely why the solid dot
on 1920Hntrast, the solid dot for 1880 is definitely not zero, but positive, suggesting that
there are is hypothetical movement in wedges. In fact, the gains are large, namely a 1.5

percent-coipouna annual growth rate over 40 years, i.e. 1.5% of real productivity growth per year.

Figure 8 a s that this rate of aggregate productivity growth is typically falling over time,

oC

suggesting that the wedges are getting smaller over time. Nevertheless, they are always big in some

1.5% real productivity growth per year is nothing to sniff at. Another way of

U

meaningfu

putting thdf’in context is to ask something different, shown in the lower line with the hollow dots: in

N

’

this case, we hange wedges; instead, we hold prices constant and replace the county’s year-t

PPF with it

a

PPF. So it’s exactly opposite as the previous case. The upper line holds the PPFs

fixed a ow much more allocative efficiency has there been thanks to price convergence or

wedge ence, while the lower line holds the prices fixed and asks by how much must

M

productivity grow. This is probably an exercise you are more familiar with when you think about

I

productivi moving out is undeniably productivity growth. The lower line shows you that

number an@ againfit’s big, about 1% per year. But interestingly it’s of the same rough magnitude as

the gains fr nced integration.

This article is protected by copyright. All rights reserved.
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One caveat to these results is that calculating the cost of these distortions, as we have done here,
and giving you an estimate, depends on how you want to view such price wedges. The upper line
represerHrio in which not only are prices being distorted such that two farmers are not
facing the

ive price, but real resources are also being used up (i.e. productive factors are

employa:l)!i the act of getting goods from one location to another.

This is not etaphor, because transport, of course, uses real resources. However, from the

SC

agricultural sector point of view, it is not clear that we would want to consider gains from transport

U

cost reducti ains within the agricultural sector. Therefore, in Figure 9 the line with the solid

dots repedts the calculation for a scenario in which there is no real resource loss at all from the

n

wedges thm This would be like the hypothetical setting where these wedges correspond

purely to a

: furE

taxes that generate revenue that is redistributed in a lump sum fashion without

25
L
25

1920 (% per year)

2

15
L

1997 (% per year)

2
L
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a) Early period, 1880-1920 b) Late period, 1954-1997

7

Note: Line @ dots: gains from between-county integration (as if a tax). Line with hollow dots: gains

from within ovements

. 99 Estimated gains from internal integration of US agricultural markets

USCI

Consider, then, the latter scenario about these wedges — they just distort prices, and do nothing

I

else. These m integration are certainly lower, but still large and broadly in the same ballpark

as the upp ith the hollow dot), which, as before, is the pure productivity gains.

M

This result surprised us, but then we looked again at the map in Figure 7. No Ricardian thinker could

look at thi think that the gains from trade are not real. The only question is when did the

1

trading st did the gains start to be enjoyed? Our estimates imply that even by 1880 the
gains were n exhausted. There was still lots on the table, and over the ensuing 120 years a lot

of USa owth can be attributed purely to homogenization of prices.
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2. Trade and volatility

The secon*area I'/ant to talk about is volatility. Let me start by apologizing for how | will use that

term. Ther, oing to be here a fully consistent view of randomness and uncertainty and the
kind of be eople engage in such uncertain environments. | have skipped many of those
I

complexiti@s, but | will show you what | can say.

To start, Iwck to Figure 4, but now imagine we have two countries that have exactly the

same PPF mre 10a). They are both producing and consuming at point A because there is no

need to trade — there are no gains from trading. Imagine now that these two economies are subject
to some rgdom shocks to their productivities, maybe due to the weather that produces the
ingredientmine or the ingredients of the cloth. To make the example easier imagine that one
country gets a good shock on one of its goods and a bad shock on the other. That means the PPF will
not move str iawards when you get a bad shock or strictly outwards when you get a good shock
— it wil w imagine that it just so happens that the two countries’ PPFs tilt in opposite

ways. Whegever one gets a good shock, the other gets a bad shock (Figure 10b).

O

In any stat world, whether it is the no-shock state or the I-get-the-left-shock-and-you-get-
the-rig e or vice versa, we’re still able to trade (Figure 10c), in other words the ability to

)

trade can act like insurance. Obviously without a literal model of risk aversion and a notion of state

< This article is protected by copyright. All rights reserved.
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contingent assets, etc., - insurance markets if you like - it’s a little hard to talk about this formally,
but you get the intuitive idea that one of the advantages of trade might just be that we don’t use it
often becamsHon't need it. In the average ‘state’ of the world, no one wants to trade. Yet there
are times t a bad shock and you want to trade, or your neighbor gets a bad shock and
she warﬂsEm, or you both get shocked (in an uncorrelated way) and you want to trade even

more, and that’sall that’s going on in this example.

Amount of wine produced in either country

This article is protected by copyright. All rights reserved.

N
-
C
(O
=
-
O
L
e
-
<

26



1ith

nr Manuscript

Amount of wine produced in either country

Amount of cloth produced in either country

Figure 10a: Trade and volatility
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Amount of wine produced in either country

or Manuscript

Amount of cloth produced in either country

Fig. 10b: Trade and volatility

Free trade restores consumption
possibilities to set that includes

pre-shock point

This article is protected by cop

28



Amount of cloth produced in either country

Fig. 10c: Trade and volatility

r Manuscript

What does t ok like in reality? I'll start by returning to colonial India. This setting, as Will alluded

O

to, is no st agricultural volatility and its consequences. The historian Mike Davis called this

the era of fife [ate Victorian holocausts because of the famines that occurred, and one view of those

n

famines that theyghad at their root in a set of productivity shocks that were the result of random

{

events like her (Davis, 2000). This is important because I'm going to focus on one bit that’s

U
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random, that due to rainfall variation, which was such a big deal that in the 19" century the British
were collecting daily rainfall data at an incredible number of weather stations — fully 3600 of them in

fact.

ot

[l

Figure 11 e rainfall over the 40 years between 1880 and 1920 in six major provinces of
colonial In@ia. At &#he top left is Bengal, where rainfall is substantial (around 1.5 meters in most

years), yet Vit e clear volatility — volatility that would, of course, look even greater if we dug

SC

down to each of the districts of this province. And if you look at the next province, Bombay, there

U

seems to a great deal of volatility, and this is volatility that is definitely not perfectly

correlated With that in any of the other provinces shown. Therefore, the different regions are getting

£

rainfall shock these are not perfectly correlated. This suggests the possibility that trade could

help, and thQat at Robin Burgess and | looked at. The results are given in Table 3 (Burgess and

a

Donald n this study, we drew on the work of a wonderful book about the famines of the

era by (1968) who coded up every district of the country in every year with a qualitative

M

index between zero and three, giving four different values of famine severity, with zero as no
famine. Whis ordinal index as the dependent variable in an ordered logit model, and studied

some of itg

no

The firs ows that, on average, some of these famines had at their root random events

L

such as lack of ralfafall. There is, in fact, a strong negative correlation between rainfall and famine

Ul
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severity. Therefore, while there may be many other causes of famine, rainfall was at least one of

them on average. The next column addresses whether railroads are correlated with famine getting

{

P

less severe. Remember the railroads are being built throughout time, so this is always a difference-
in-differen :in a given district, are you less likely to see a famine after you get access to
railroaa?? € positive sign on the coefficient tells you that when the average railroad entered the
average distgict,pthe same rainfall shock was less likely to lead to famine. That supports Will’s

contention! onsistent with the idea that the railroads were mitigating famine, subject to the

Cli

usual conc@rngiabdut attributing causation to correlation.

Ud

The likelih of seeing a famine for a given amount of rainfall after you have access to railroads is

N

calculated b g the two numbers here (-2.2 and positive 1.8), which of course gives you a

o

number th st zero. This tells you that on average, a district that had access to the railroads

was les 0 be subject to famines given the same rainfall shocks. Of course, if there are other

causes e, such as may have been the case in Bengal in 1942-43 as Amartya Sen has argued

M

(Sen, 1981), then this regression would not pick up those causes.
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Rainfall {in reters)

NUSCI

Bengsal Bombary Central Provinces and Berar

Madraz Marth West Provinces Punjakb

{1 e g
i e Ay

1880 1900 1920 1880 1900 1920 1880 1900
Year

1920

Source: Bur onaldson (2017: 38)
Fig. 11: Rainfall volatility in India, 1880-1920
Table 3: Omit model using the “famine severity index” (Srivastava, 1968)
Dependtmthamine severity index (1) (2) (3) (4) (5)
Railroad in district (0,1) 0.194  -1.625  0.309 -2.178  -2.136
L (0.374)  (0.572)  (0.390)  (0.690)  (0.754)
Rainfall in dj @ r t (meters) -0.855° -2.218"  -0.860 -2.316 -17.35
(0.208)  (0.532)  (0.204)  (0.518)  (20.40)
(Railroa (rainfall in district, year t) 1.858"" 1.848"" 1.729"
(0.541) (0.521)  (0.565)

Auth
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Rainfall in district, year t-1 (meters) -0.699" 11717 9.316

(0.215) (0.395) (21.51)

(Railroad in !i ict) x (rainfall in district, year t-1) 0.692° 0.758"

(0.404) (0.458)

H
(Rainfall in t!trict) X (trend) No No No No Yes
Observatioro 3809 3809 3551 3551 3551
Pseudo R’ 0.248 0.260 0.255 0.271 0.271

The final tfﬂ talk about in this theme of “volatility” is climate change. This is probably not the

right way t bout the broad patterns of climate change, but | wanted to map back to the way

that we hamtoday been thinking about comparative advantage and agricultural trade.

Start wzmy with a given PPF. Suppose it is open to trade. But now shock the PPF in a

certain way, as we might expect to occur as a result of climate change. The last question I'll cover

today is: how_does the ability to trade affect the extent to which a region will be affected by this
climate ch en change in the PPF? The predicted percentage change in any crop can be

calculated onomic model (such as the GAEZ model) if we simply feed in the climate change

§
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predictions from a climatological model (such as one from the Hadley Centre?). Figure 12 illustrates
these predictions for relative wheat and rice yields around the world. It is clear that these relative
yields are ted to move in heterogeneous ways. So the climatologists and agronomists expect a

vast and ¢ t of changes to Ricardian comparative advantage over the next century.

cript

In work with Arnadd Costinot and Cory Smith (Costinot, Donaldson and Smith, 2016), we tried to ask

the very sigfipl stion: if you took those numbers as well as similar numbers for every other major

S

crop and fed them into a standard trade model, where the spatial units of analysis are the grid cells

of Figure 1 g would the effect of that tilting of the PPF be?

Nu

To addressithi used a standard and simplified trade model with three key elasticities. The first

d

of thes ington differentiation elasticity (o), a source of cross-country differentiation in

production. se, consumers don’t want to consume a fixed relative amount of rice and wheat

WA

at any price; instead, they might want to substitute between crops and so we call that elasticity of

substitutiofyk. Finally, we enriched earlier work (such as that in Costinot and Donaldson, 2016) by

3

allowing fo rid cell heterogeneity in land quality for each crop. This amounts to having a PPF

0

for each gri hat is curved, rather than flat. We let this curvature — this cross-crop elasticity of

h

{

Ul

2 https://w
change/hadleycent

ice.gov.uk/weather/learn-about/climate-and-climate-change/climate-
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transformation, if you like — within grid cells be denoted 6. Grid cells still difer in terms of the
location and tilt of their PPFs, in line with the GAEZ model, but now there is additional within-grid

cell heteroge

<cript

i

= 500%
0%

L 100%

NMani

Fig. 12: The predicted change in relative wheat-to-rice yields according to the GAEZ model under a
climate change scenario (Hadley CM3 A1F1)
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So we estimated those three parameters (o, kK, and 8) using cross-country and cross-crop data.
Estimating these demand- and supply-side elasticities of course requires instrumental variables to
circuvaneity bias. On the demand side we derived this from the GAEZ model, which
makes pre t how the exogenous geographical characteristics of a location map into the
location’s !Toucwity and hence (inversely) its prices (as long as trade costs are not zero). This
suggests a hgst @f instruments one can use, and we used the simplest ones we could think of. The

FAOSTAT? roduction and price data allow us to do all of this, and the elasticities are

important wtimates that we would compute in general equilibrium.

These elasfiCities are reflected in Table 4. The Armington elasticity is around 5, which suggests that

there are barri to within-crop substitution across countries. The k elasticity of substitution
between more in the ballpark of 3, and the B parameter that governs the production
substit ithin grid cells across crop activities is low, at around 2.5. This is certainly not a flat
PPF.

. -
O
L
ol

®See http://www.fa@, org/faostat/en/#home

Ul
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Table 4: Demand parameters estimated via IV, using supply-side GAEZ variation

Parameter Estimate Method Observations First-stage
H F-statistic
o 5.40 \ 4120 -0.06
= e (126) (19.64)
K L 2.82 IV 408 -0.12
O (0.54) (22.3)
0 2.46 NLS 379 NA
w.zs, 2.62)

Notes: In the firstgow (estimates of o) the standard error (SE) and first-stage F-statistic are clustered
at the crop- r and crop-importer levels. In the second row (estimates of k) the SE and first-
stage F-statistic are clustered at the importer level. And in the third row (estimates of 8) the 95%
Conﬁdencc is estimated via a bootstrap procedure with replacement at the country level.

We then g@/o ‘a se these estimated elasticities to quantify some of the general equilibrium effects

O

of clim the agricultural context. One way of seeing these estimates is shown in Figure

13. I must em e that if you were really trying to predict the consequences of climate change for
these countries in these kinds of goods, then there are tons of bells and whistles you would probably
want to as to the model we are using here. A lot of good work does that, and this work has
definitely ¢ corners with respect to that goal. What we were interested in here is to ask: in
this stansz model, holding the standard trade model features constant but adding the

spatial graularity coming from GAEZ (as seen in Figure 12), how big would you expect the effects of

ts to be?

< This article is protected by copyright. All rights reserved.
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So here are those estimates. Start with panel (a) of Figure 13. Each dot in this picture is a country.

The numbIrs on 'he x-axis are the ones you’d probably want to think about first. Here full

adjustmen ed, and the results are probably not shocking to you. They show that, because of
climate ch ) rage country will experience something between 0 and 15 percent loss in the
H I

economic Welfare it derives from the agricultural sector. In some countries, it’s closer to 0, while in
some cour@very bad. But typically the damage is in the range you might have expected. The
numbers on_t -axis of this figure are the gains in a no adjustment scenario. This is where you
force farmmep growing what they’re growing. Of course, they would want to change what
they do w@ are movements in their PPFs, the prices they receive, or both. But just as a

thought expesi t you could hold those things constant. Of course the losses under this scenario

are bigger countries, as we’'d expect them to be when farmers can’t adjust to the shock to

their surro

Panel (Eher hand, shows results that are perhaps more surprising. Here we asked what

will happe!if we allow the farmers to adjust, but not the traders. By that | mean that a country’s

export share y crop cannot increase. In this case the scatter plot is right on the 45 degree line,
implying t typical country, climate change is going to hurt, but if you forbid traders to
respond, that is if a country’s trade patterns have to remain the same as they were before the shock,

then this agditionad constraint is almost irrelevant. This finding surprised my coauthors and me. But

maybe it s:wave because Figure 12 should make it clear that a lot of the shock and, hence, a

< This article is protected by copyright. All rights reserved.
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lot of the adjustment that needs to occur, can take place within countries. This resonates with

themes we covered earlier. If you think about the Ricardian model at this sub-national level,

t

uscrip

countries start to become very heterogeneous objects and gains from trade and opportunities for
adjustmen untries are important because of the heterogeneity that resides within

Ny ]
countries.

0

-5

ge: No. P:?gucﬁam Adjustment (36)

Welfare Change: No Trade Adjustment (%)
=5

-10

=20

o s o = 0 o 5 0
Welfare Change (%) Welfare Change (%)

NMan

Panel (a) - Full Adjustment vs. No Production Adjustment Panel (b) - Full Adjustment vs. No Trade Adjustment

[

Fig. 13: Co ison of simulated welfare changes under alternative assumptions about adjustment
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3. Concluding remarks

I’'m going !l o#er Just a few remarks and then let you move on to the many more interesting things
that this @ e has to offer. | for one have been in awe of Ricardian theory since | first
encounf@rSFHEFE found that those four magic numbers go a long way. They can become millions

of magic n the kinds of settings I've shown you here. They can become an infinite number

of

of magic n f we allow for smooth geographies. For these reasons and more they’ve been

appreciate c@nomists for centuries now. Yet as great as this appreciation is, | think it’s fair to

S

say that tification of those forces has lagged behind. And that’s not a surprise;

U

quantificat neral is hard, but it might be especially hard in this Ricardian model because of

the identifi@ation problem | mentioned that’s at the very heart of the model.

A

All I've day is show you a few examples of how, in an agricultural context, the Ricardian

model is arly easy to work with, relatively speaking, thanks to the work of agronomists. And

Ma

then how this model can be applied to examine things like the gains from trading, in both the static

sense and ility sense, because of the amazing heterogeneity that is out there in the world

[

around us at we see revealed in agricultural settings. That suggests that international

heterogenei Il as intranational heterogeneity can be big. That, in turn, suggests that the gains

from d

n

et integration can be big, and that the domestic forms of adjustment to shocks —

|

be they quency like food supply shocks, or low frequency like climate change — should not

be underestimate

u
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