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A multinomial logit model is estimated across the crop choices of a sample of thousands of
Chinese farmers. As temperatures warm, farmers are more likely to choose cotton and maize,
but less likely to choose soybeans, and vegetables. As precipitation increases, farmers are more
likely to choose wheat and less likely to choose vegetables and potatoes. We simulate how crop
choice outcomes might change using the empirical results and a set of climate change pre-
dictions for 2100. The magnitude of the change is sensitive to the climate scenario and to the
seasonal and regional variation of climate change predictions within China.
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1. Introduction

Although there is an extensive literature on the effects of climate on agriculture,
there are very few agricultural studies that have measured climate adaptation
(Mendelsohn and Dinar, 2009). Studies that compare the impacts of climate change that
include adaptation, such as Ricardian studies (Mendelsohn et al., 1994; Mendelsohn
and Dinar, 1999; Mendelsohn et al., 2001; Kurukulasuriya et al., 2006; Seo and
Mendelsohn, 2008a; Wang et al., 2009), tend to find lower damages than studies that
do not include adaptation, such as agronomic analyses (Rosenzweig and Parry, 1994;
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Parry et al., 2004). However, the Ricardian studies do not explicitly model adaptation so
that it is not possible to see how farmers adapt to climate.

Adaptations are actions that people and firms take in response to climate change in
order to reduce damages or increase benefits (IPCC, 2007)." What specifically do
farmers do to adapt to climate? How have they adjusted to the climates that they live in
today? A new series of studies have begun to examine these questions. By comparing
what farmers do in one climate zone versus another, the studies quantify how farmers
have made long term adjustments to their current climate. For example, studies have
examined how climate affects the choice of irrigation in Africa (Kurukulasuriya and
Mendelsohn, 2007), the choice of livestock in Africa (Seo and Mendelsohn, 2008b),
and the choice of crops in Africa (Kurukulasuriya and Mendelsohn, 2008) and South
America (Seo and Mendelsohn, 2008c). All of the above mentioned adaptation studies
find that farmers adjust irrigation practices, crop varieties, and livestock species to both
temperature and precipitation levels. For example, the studies find that farmers are less
likely to choose wheat and potatoes and more likely to choose fruit and vegetables in
warmer temperatures.

In the present analysis, we use the same cross sectional methods used in the above
studies of Africa and South America to study farm adaptation in China. We test
whether farmers in China have adapted to the range of climates across China by
changing crops. Analyzing 8,405 farms sampled across 28 provinces in one year, we
match the location of each farm to climate data and soils. We then estimate multi-
nomial logit regressions of crop choice to examine the effect of climate on these
endogenous choices by farmers while controlling for several other factors. We
specifically examine the choice of nine major crops in China: wheat, rice, maize,
soybean, potato, cotton, oil crops, sugar, and vegetables.

The paper is organized as follows. In the next section, we discuss the methodology.
Section three presents the available data and the construction of the variables in the
data set. In the fourth section, we present the estimation results for current farmers. The
fifth section then forecasts how future farmers would change crop choice for three
different climate scenarios in 2100. Assuming that the cross sectional results would
apply to future climates as well, we forecast how crop choice would change in the
future. We also explore the importance of information about climate change. We
contrast what would happen using just the national average annual change in tem-
perature and precipitation versus the change in each season and region of China. The
results reveal that having more information about the seasonal and spatial detail of the
climate change matters. The paper concludes with a summary of the key results and a
discussion of policy implications.

1 Adapting to climate, which spans over a long period, is different from adapting to climate variance, the changes in
weather from year to year (Leary er al., 2006). Although an important topic as well, this study does not address
adaptation to short term weather.
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2. Methodology

We assume that farmers make choices that maximize their net revenue. We define net
revenue broadly to include both products that are sold and also products consumed by
the farmer. In this analysis, we are interested in modeling what affects this choice and
specifically what role does climate play. A multinomial logit regression is used to
study crop choice among 9 major crops, which account for 86.4% of the total crop area
in China in 2008 (NSBC, 2009). The multinomial logit regression tests the influence of
climate on the probability of choosing each crop controlling for a number of other
independent variables such as soils, household characteristics, and farm characteristics.

The probability that a crop is chosen depends on the net revenue of that crop. We
assume that farmer 7’s net revenue, m, in choosing crop j(j = 1,2,...,J) is

Tij = V}(Civ K, Si)) + 5j(Ci’Kt”Si) (1)

where C is a vector of climate variables, K is a vector of exogenous characteristics of
the farm, and S is a vector of characteristics of the farmer. The vector K includes soils,
elevation and access variables; S includes variables such as the education of the farmer
and land size. The net revenue function is composed of two components: the obser-
vable component V and an unobservable component that is in the error term €. We
assume that the farmer will choose the crop that yields the highest net revenue.

The probability P;; for the jth crop to be chosen is then

P; ="Pr[e,(C.K,S) —/(C,K,S) <V, = V,] Vk#j

(2)
where V; = V,(C,K,S)

We are interested in the following specific model where climate has a quadratic
functional form:

Vi(Ci,K;, S;) = Cioe + C}B+ Kip + Sw (3)

Assuming that € is independently Gumbel distributed and the profit function can be

written linearly in its parameters, the probability, Py, can be calculated as follows:

£Cia+C} 3+Kip+Siw
P

i Zi—l eCka+C,fﬁ+Kk¢+Skw (4)

which is the probability that farmer i will choose crop j from among J species
(McFadden, 1981).

The marginal change in probability of selecting a crop with respect to a climate
variable, c;, is therefore:

~

OP;

3—C; = Pjloy + 2¢,8;] — ZP kLo + 2¢18)- Q)
k=1
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The marginal probability of choosing a new crop depends on the baseline climate of
the farm.

A critical assumption of the multinomial logit is the Independence of Irrelevant
Alternatives. We assume that the relative probability of any two alternatives is not
affected by adding a third choice.

3. Data

The climate data (monthly temperature and precipitation) were obtained from the
National Meteorological Information Center in China. The data are based on actual
measurements in 753 national meteorological stations that are located throughout
China. The temperature and precipitation data were collected from 1951 to 2001. We
rely on the mean values of these variables (climate normal) over this time period for
each month. The monthly climate data is combined into four seasons: winter is the
average of December, January, and February, spring is the average of March, April,
and May, summer is the average of June, July, and August, and fall is the average of
September, October, and November.

Socio-economic data is obtained from the Household Income and Expenditure
Survey (HIES) administered by the National Bureau of Statistics of China in 2001.
There are more than 50,000 observations in the HIES. We have selected a sub-sample
from only those counties for which we have climate data (from the national meteor-
ological stations located in these counties). Our final sample has 8405 households in
915 villages in 124 counties from 28 provinces.

The HIES includes a number of household and village characteristics. Irrigation
data was collected at the village level. Information about crop choice was collected at
the farm level. The nine major crops studied are: cotton, maize, oil crops, potato, rice,
soybean, sugar, wheat and vegetables. Household variables also include the education
level of members of the farm household, each family’s land area, the number of
family laborers that belong to the household. Education is included to see if
knowledge alters the choice. Land area is included in case there are economies to
scale for some crops. The number of family members is an indirect measure of the
household labor supply. This may affect crop choice as some crops are more labor
intensive. Additional village variables include indicators about the topographical
environment of each village (e.g., if it is located on a plain or in a mountainous
region), the share of cultivated area that is irrigated in the village, membership in
associations, the presence of paved roads and the distance to each township’s gov-
ernment. Each of these variables can affect the productivity of certain crops and
therefore choice.

To account for soils, we downloaded a soil map from FAO’s website. There are
three major soil types — clay, sand and loam soils. The soil variables measure the
share of cultivated area with each type of soil. Again soils are likely to affect the
productivity of crops differently and therefore affect choice.
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4. Results

In this section, we report the empirical results of the cross sectional analysis. The
analysis of crop choice indicates that farmers plant different crops depending on the
climate they face, holding other variables constant (Table 1). Both temperature and
precipitation play a role in crop choice. The quadratic climate coefficients are sig-
nificant, implying that the response function is nonlinear. The climate coefficients are
quite different across seasons suggesting that seasonal effects are also important.

Many of the control variables are also significant in Table 1. Soils, as expected,
influence crop choice. Cotton and sugar are more likely to be planted on clay soils
whereas rice, wheat, vegetables, soybeans and oil crops are less likely. Farmers with
silt soils are more likely to choose potatoes but less likely to choose rice, sugar, and
several other crops. Cotton and sugar are much more likely to be grown on plains but
potato and oil crops are not. Being close to a road increases the likelihood that a farmer
will select wheat, rice, vegetables and oil crops and reduces the chance of selecting
cotton. This may reflect the relative cost of transporting each of these products. The
more distant the farmer is from a township government, the more likely the farmer
will grow wheat and the less likely he will grow oil crops. Proximity to township
government makes public extension more accessible. Access to extension may help
farmers grow wheat whereas oil crops are relatively simple to grow and so do not
require extension services. We assume the above proximity variables capture all of the
variation in prices. If a farmer is in a village with major irrigated areas, the farmer is
more likely to grow wheat, rice, and sugar but less likely to grow potatoes. Rice and
sugar tend to be irrigated whereas potatoes are never irrigated. Farmers who join
production associations are more likely to grow cotton, because the additional ginning
and marketing (an association activity) is needed to make the final product. Farms with
less educated workers are more likely to grow soybeans and oil crops, which are the
least sophisticated crops to grow. The more cultivated land per household member, the
more likely the farmer will grow cotton, oil crops, sugar, and wheat — crops that are
land intensive — but the less likely they will grow rice and vegetables — crops that
are labor intensive.

Table 2 presents the marginal effects of temperature and precipitation on crop
choice evaluated at the mean climate for the sample. Warmer temperatures increase the
chance that farmers select cotton, rice, and maize but decrease the chance they select
vegetables, soybeans, and potatoes. On the margin, wheat, oil crops, and sugar are not
sensitive to warming. These annual effects can be dominated by the outcomes in one
season. For example, the positive annual temperature effect for cotton and the negative
annual temperature effect for vegetables are dominated by the summer temperature
effect and the positive annual temperature effect for maize is dominated by a spring
temperature effect. However, sometimes seasonal effects are offsetting. For example,
wheat, soybeans, and oil crops have strong positive temperature effects in spring and
fall seasons, but have negative in summer. These crops appear to benefit from warmth



172 J. Wang et al.

(av'n #a5(€S°T) 554(C6°€) s4(88°%) s5(C9°L) s (LYE) si(9L°G) s (LY9)
#8100 £800°0 6L¥0°0 910°0— 1L20°0— 8600°0— £020°0— LSTO0 bs oa1d &g
#%:(€6°€) #5:(€T°E) #2:(19°€) #:(65°€) #2:(L6'0) ++(1T°0) #x:(LS’S) #%%(65°9)
9201 — €CcC0— 66L0— LYT0 81T0 6C1°0 91¥°0 s 0— saxd e
(€5°0) (To'm (99°0) (87°0) (81°0) #::(65°€) (9¢°0) swaen(LT°L)
100°0 8000°0— 8200°0— 20000 2000°0— €000 £000°0 9L900°0 bs oard rowng
(T1°0) 0T0) #1870 #xx(S8°0) (0L0) sx(61°C) @€ wxx(69°L)
600'0— ¢S00°0— €ST0— SLOO— 120°0 801'0— 8¢0'0— e1co— oa1d Jowwng
#2:(TO'Y) #:(1€°7) (20'0) (TLo) wxx(8L°F) +(18°T) (85°0) #2:(€9°0T)
Y1€0°0— 95000 2000°0— L100°0— LT100— 8€00°0 €1000— 8¥0°0— bs oard Sundg
##x(07'€) #xx(78°7) +(¥8'T) (TS0 #x:(79°€) orn (SL'T) #5x(E7'8)
¥9°0 681'0— L0 91°0 LTO 80°0— [RN0) 1€8°0 oa1d Sundg
++(9C°7) (90°0) ##5(6L°S) #x5:(6L'Y) (Lrn #x:(LTS) #x:(F6'P) 0T0)
9¢10°0 1000°0— cL600— €L00°0 £200'0— L000 ¥600°0 #000°0 bs duwrey 1oyurpm
s (P6°F) #1:5(26°6) (T s (PSY) six(76°S) x(0S°C) (7 1) #x(€8°9)
€180 wso LOE0— oo §9¢°0 I1ro 76C°0— LYE0 dwd) oI
(1€°0) #:(L9°0) (60°0) #x(1€°0) (¥€0) sae(E1°€) sx:(L0°C) #:(18°0)
¥00°0 81100 €200°0 ¥600°0 9100°0— €I10'0— ¥20°0— 710°0— bs dwey [1e.q
#5:(CT'E) #%x(60°L) (S8°0) #x:(€0'P) #x:(0L'€) +(88°T) wxx(1T°L) 06'0)
11— 60— 68S°0— Sy 0— 8SY0— LLTO SO'1 8IT1'0— dwoy e
951 (L00) s (L17F) (86°0) s (LE'Y) (Ten (Ls'm #15(00°8)
§Ce0'0— 20000 £060°0 7€00°0— LTVO'0— 000 8L00°0 1€0°0 bs dwe) rowruing
x:(FTT) #:(9S°T) #:(SY'T) (€51 #(€0°01) (88°0) s1:5(C8°C) #x5(CT9)
LSY'T 9¢v°0 ISC— LETO Iy'C Sero— 189°0— L20'1— dwe) ouwrung
(€1°0) #:(6€°7) (LL'0) s (TT°G) #2(S0"L) (I (LoD #2:(98°7)
S100°0 7600'0— 8C10°0 LLTIO0— €1€00 7€00°0— 8700°0— €10'0— bs dwe) Sundg
9%°0) (8¢'1) (000 #x(€0°0) #xx(78'8) (sz0) «(78°1) (T8°0)
181°0— 9L1'0— lol'l1— 6CC0 17— §200— LTO 6110 dwo) Sundg
e3ng sdo1) 110 uono) 01104 ueaqhos J[qeIR8oA ory JBAYM
90100 do1d Jo uorssardar 3130[ ferwounn ‘[ 9[qelL



How Chinese Farmers Change Crop Choice to Adapt to Climate Change 173

"€01°0 St parenbs y opnasq

Y} PUB /HECT ST UOISSAITAI AU} JO ZIYD YT YL "SUONBAIISAO GOHY QI8 QIY ], “9010YD PIJIIWO Ay} ST 9ZIBJA “Sasdypuared Ul sONSNe)s 2 Jo an[ea JIN[0sqy 210N

(Lrm «(T6'T) #x(88°0) (6T'1) #2:(L9°6) L0~ +(€6'T) waen(16°L)
L9— LT LT 89'1— L8'61— 60 1Ty— 7911 JuBISuUO)
s (L1°Y) #(S0°0T)  sesn(LETS) «(86°1) (1¢0) s (€6°€) sere(F87€) #5(TTL)
9T0 S0¢0 o 90°0 6000 L960°0— 791'0— ceT0 proyasnoy 1od eare pue| pajean[n)
(8°0) #:(6L'T) (€D «(08°1) #(09°7) (¥6°0) (821 (8¢0) uonesnps
£€00°0— €000 92000 2000 L£000 1000 91000 $000°0 SUIALDAI JNOYIIM SIOQE] JO AIBYS
(Trn (TeD) s (LT°G) «(96°T) «(TL'T) (S6°0) (LS0) (S50 uonerosse
€er'0— 291°0 (400! 8LT0 16C0— 911'0— ¥L0°0 9L0°0 uononpoxd e ur Sunedroned jf
#:(87°C) «(T8°T) (ze0) s (LL'Y) #9'1) (so'1) #1(TE'9) #22:(07'9)
900°0 1000 ¥000°0— #00°0— 7100°0— L0000 S00°0 100070 93e[[IA UI SeaTe PajeSLUT JO oreys
(6T°1) #:(81°0) (6£D) (60°0) (6£°0) x5(L0'T) «(98°1) #:(S1°T)
¢810°0— SI10°0— 9910°0— 0000 1200°0— 1600°0— 8600°0— SI10°0 JuewuIsA03 diysumoy 03 souelsi(q
(62°0) x:(CY'T) (LoD se(6L7E) (10°0) serx(187€) s (11°%) #x(€0°€)
L160°0 60LT0 T o— LTY0 2000 9LE0 6170 29¢°0 (ON =0 s9X = ) peoy
#2:(0T'Y) #22:(96°C) #::(65°6) #3:(S6'Y) (€1'D (S0°0) (€S (65°0)
¥S9°0 68S¢°0— ¥619°1 c6le0— 19L0°0— 8200°0— 8960°0— CIv00— (ON =0 9K =) urelg
#x(8C°0) «(L6'T) oz #54(€9°9) (0S°0) (ze0) #3e2(T8°C) wx(LL'T)
768°0— 761°0— LOCT0— 90L0 ¢s00 920'0— L9°0— ere0— [TOS J[IS IIm Seale pue[ jJo 2Ieys
#x(9C7°7) #(9€°€) s (LLT) «(99°1) #1:5(C8°T) sers(P1°6) s15(€0°8) #15(60°S)
108°0 6€°0— €L8°0 00— 8€0— 8CS0— €16'0— 69'0— [10S AB[D (IM SEale pue| JO dIeyS
(€0) #55(CT9) #5:4(CS°G) (S€0) s (SPE) (07 1) #:(0T°Y) #1:(SS°E)
LLTOO 91600~ 86CC0— 1600°0— 78500 LSO'0— £090°0— 6900 bs oa1d sepurm
#22(857C) #2:(26°6) s (16'%) (9S'1) (€D se(TT'8) seaen(E1°L) ormn
8611 £€6C'1 ILLT 10C°0 ¥61°0 680 °68°0 €LI'0— oa1d 1oyuIp
e3ng sdo1) 110 uono) 01104 ueaqhos 9[qeIn8oA o1y JBAYM

(panuyuoD) | 31qeL



174 J. Wang et al.

Table 2. Marginal effect of climate change on crop choice.

Change of probability of choosing crops

Wheat Rice Vegetable Soybean Potato Cotton  Oil  Sugar Maize

crops
Temperature (°C)
Spring -0.73 4.17 0.67 —-1.61 -1.16 —-1.13 —-299 0.02 2.76
Summer 1.72  —-5.27 —3.39 1.27 —1.34 8.60 2.25 0.09 0.09
Fall —2.93 6.57 0.40 —2.54 0.05 —-0.63 -—-3.38 —-0.66 —0.66
Winter 1.57 —4.53 —1.43 1.77 0.73 -0.56 445 0.91 0.91
Annual —0.37 094  -3.75 —1.11  —1.72 6.28 0.33 0.36 3.10
Precipitation
(mm/mo)
Spring 0.27 0.06  —0.17 0.00 0.08 0.08 —-0.17 0.00 -0.16
Summer 5.56 —0.67 —1.27 -050 —1.16 —-0.19 —-0.64 -0.05 -0.05
Fall —0.18 0.16 0.06 —0.08 0.06 —0.07 0.04 —-0.05 -0.05
Winter —0.38 0.01 0.24 0.16 —0.26 0.38 0.36 0.14  0.14
Annual 527 —-044 —1.14 —-042 —1.36 020 —0.41 0.04 -0.12

Note: The marginal effects reported are the mean marginal effects across the sample calculated using the
coefficients from Table 1 and the climate at each observation.

that extends their growing season but are hurt by extreme summer temperatures. Rice
has negative spring and fall temperature effects, but positive summer effects. Because
it is often irrigated, rice can survive and even prosper in extreme summer temperatures
but it does not gain as much from an extended growing season.

Results also show that each crop has a different response to precipitation and so
precipitation alters crop choice. More precipitation increases the chance that farmers
pick wheat and decrease the chance they pick vegetables, potatoes, rice, soybeans, and
oil crops (Table 2). Cotton, sugar, and maize do not appear to be sensitive to marginal
changes in precipitation. Similar to temperature, the annual effects of precipitation can
be dominated by the outcomes in one season. For example, the positive annual pre-
cipitation effect for wheat and the negative annual precipitation effect for vegetables
and potatoes are dominated by the effect in summer. Sometimes, seasonal effects are
offsetting. For example, rice is more likely with more precipitation in spring, fall and
winter seasons, but is less likely if there is more summer precipitation. Cotton is more
likely with more precipitation in both spring and winter, but is less likely if there is
more precipitation in summer and fall.

5. Climate Impact

The empirical results in the previous section describe how farmers in China have
adapted to the climate that they currently face. In this section, we project how these
decisions would change if climate changes. The analysis takes into account changes in
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temperature and precipitation. However, the analysis does not explicitly model
changes in water flows for irrigation. Temperature and precipitation will not reflect
changes in flows without a proper hydrological model. We assume that all other
features of each farm remain the same and that only climate will change. The analysis
is not a forecast of what crops will be grown in China in 2100. The analysis is simply
trying to quantify what role climate change might play in future crop decisions. In
order to forecast future crop decisions, one would have to consider future changes in
technology, prices, capital intensity, and other features of the farm that are likely to
change over the next century. Very importantly, the availability of water for irrigation
might change over time in China even without climate change and this would have a
very important effect on crop choice in the future. Note that the analysis is not
measuring the impact of climate change on crops but simply how farmers might adapt
by switching crops.

We examine a set of climate scenarios from three climate models that reflect the
range of climate outcomes considered likely by the Intergovernmental Panel on
Climate Change (IPCC, 2007). We use the difference between the 1970-2000 climate
prediction and the 2070-2100 climate prediction to calculate climate change in 2100.
The climate scenarios come from the Parallel Climate Model (PCM) (Washington
et al., 2000), Hadley Center Model (HADCM3) (Murphy et al., 2009), and Canadian
Centre Model (CCM2) (Boer et al., 2000) climate models using the A2 SRES emis-
sion scenario (IPCC, 2000). For China as a whole, the PCM model predicts a 3°C
warming with a modest 10% increase in precipitation, the HADCM3 model predicts a
4.9°C warming with a 23% increase in precipitation, and the CCM2 model predicts a
5.2°C warming with a 7% increase in precipitation. HADCM3 predicts a large increase
in rainfall (+23%) across China, PCM predicts a moderate increase (+10%) and
CCM2 predicts a small increase (+5%). The future climate scenarios, however, are
more complicated than these average annual national changes imply because the cli-
mate scenarios also vary by season and region within China (see Table A-1).

The marginal results suggest that the actual impact in each location depends on the
seasonal distribution of temperature and precipitation as well as the average level. In
general, it is best to include all the reliable detail that is in a climate projection. The
paper compares the results of using just the national average annual changes, seasonal
changes, and seasonal and regional changes. The variation across seasons and regions
matters.

Table 3 presents the national results assuming uniform national changes in tem-
perature and precipitation by 2100 for each climate model. It relies on a single pre-
diction for all of China. The first three columns assume that the climate change is the
same in every season and the second three columns allow the climate change to vary by
season. The most prominent crops today are rice (26%), maize (21%), wheat (16%),
and vegetables (13%). With uniform warming over all seasons, wheat and especially
potatoes become more prevalent while soybeans, vegetables, and sugar become rarer.
The remaining crops remain the same though rice also falls in the CCM?2 scenario.
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Table 3. Change in crop choice for China assuming uniform national climate change but
alternative seasonal changes.

Uniform climate change every season Seasonal climate change

PCM HADCM3 CCM2 PCM HADCM3 CCM2
Wheat 3.35 4.81 8.38 11.85 —4.09 26.88
Rice 0.24 —0.34 —5.05 —6.26 —9.80 —9.43
Vegetable —3.80 —6.22 —7.04 —1.37 —8.90 —3.26
Soybean —2.09 —3.33 —3.84 —0.82 —5.69 —2.80
Potato 6.02 12.45 16.73 —3.14 58.03 —6.91
Cotton —0.60 —1.10 —0.98 6.79 —5.60 5.47
Oil Crops —0.18 —0.26 —0.26 0.06 —-0.33 0.33
Sugar —2.63 —4.89 —7.00 —3.55 —15.01 —6.87
Maize —0.31 —1.12 —0.95 —3.56 —8.61 —3.41

Note: Analysis compares climate change between 1990-2000 and 2090-2100, using SRES A2 emission
scenario. Data for each climate model is available at http://cera-www.dkrz.de/CERA/index.html.

With the seasonal climate changes, wheat and cotton increase more in the PCM and
CCM2 scenario but actually fall in the HADCM3 scenario. Potatoes increase more in
the HADCM3 but fall in the PCM and CCM2 scenario. Rice and maize fall in every
scenario. Sugar falls sharply in the HADCM3 scenario. So the crop predictions using
the seasonal climate changes are quite different from the crop predictions using the
uniform warming changes every season.

But looking at national averages does not tell the entire story. In Tables 4 and 5,
China is divided into five major climatic regions: Northeast, Southeast, Middle,
Northwest and Southwest.”> The Northeast and Northwest are cooler while the rest of
the country is relatively hot. The Northeast and Northwest are also dry while the
Southeast is quite wet and the Middle region is the wettest. The current distribution of
crops is quite different in each region as well. The Southwest is split between rice,
maize, and vegetables. The Southeast is dominated by rice but also has vegetables, the
Middle region is dominated by rice but also has maize, the Northeast is dominated by
maize but also has soybeans, and the Northwest is dominated by wheat but also has
maize.

Table 4 explores a uniform annual climate change scenario across every region and
season in China. Even if the predicted changes in each region are the same, each
region responds in a different way to the climate scenarios. Across the climate models,
farmers in the Northeast, Southeast, and Northwest region increase wheat, farmers

2The Northeast region includes Liaoning, Jilin, Heilongjiang, Tianjin and Hebei provinces; the Southeast region
includes Shanghai, Jiangsu, Zhejiang, Fujian, Shandong and Guangdong provinces; the Middle region includes Shanxi,
Anhui, Jiangxi, Henan, Hubei, Hunan, Inner Mongolia and Guangxi provinces; the Northwest region includes Shaanxi,
Gansu, Qinghai, Ningxia and Xinjiang provinces; and the Southwest region includes Chongqing, Sichuan, Guizhou and
Yunnan provinces.
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in the Northeast and Northwest increase potatoes, and farmers in the Southeast,
Southwest, and Middle increase cotton and maize. Farmers in the Southeast and
Southwest decrease rice, farmers in every region decrease vegetables, farmers in the
Northeast, Northwest, and Middle decrease soybeans, and farmers in the Northeast and
Northwest decrease cotton, sugar, and maize. In general, the magnitude of the change in
crop mix increases from the PCM to HADCM3 to CCM2 climate scenarios. Since this is
also how the models are ranked by temperature change, it is likely that temperature
dominates the outcome in Table 4. However, there are some exceptions where pre-
cipitation may be playing an important role. For example, in the Middle region, wheat,
rice, potatoes, and sugar have different effects depending on precipitation.

Table 5 incorporates all the regional and seasonal detail from the climate model,
not just the national annual scenario. Table 5 takes full advantage of the information
available from the climate models. There are large regional differences comparing
Table 4 and Table 5. For example, in Table 5 with the PCM and CCM2 climate
scenarios, wheat increases more in the Northeast and Northwest but falls in the
Southeast and Southwest. With the HADCM3 climate scenario, wheat decreases
across the board. With the PCM scenario, rice increases in the Southeast and Middle
but falls in the Southwest. With HADCM3, rice increases in the Southwest, falls less in
the Southeast but falls precipitously in the Middle region. With CCM2, rice falls in the
Northeast, Middle and Southwest regions, but falls less in the Southeast. With
HADCM3, potatoes increase dramatically and cotton, maize, and sugar decrease in the
Northeast, Northwest, and Middle. With CCM2, there are also large decreases in maize
in the Northeast, Northwest, and Southwest. There are consequently many regional
changes in crops if both regional and seasonal variations in climate are included.

6. Conclusion and Policy Implications

The empirical analysis reveals that climate influences the choice of crops that Chinese
farmers make today. The empirical evidence explains how current crop choice has
adapted to the range of climates across China today. A marginal increase in tem-
perature increases the chance that farmers choose maize and especially cotton and
decreases the chance they will choose vegetables and potatoes. A marginal increase in
precipitation increases the chance that farmers choose wheat and decreases the chance
they choose rice, soybeans, oil crops, and especially vegetables.

It is interesting to note that although the results from China are consistent with the
results from Africa (Kurukulasuriya and Mendelsohn, 2008) and South America (Seo
and Mendelsohn, 2008c), they are not identical. This is partly because there are some
crops that are common in one continent but rare in the others such as cowpea,
groundnut and millet in Africa, potatoes and squash in South America, and oil crops in
China. Partly, there may be some combinations of climate, water, and soils that are only
present in one continent. Finally, there may be missing variables in the analysis that
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explain why the quantitative results are not identical across continents. The disparity of
the results suggests that it is advisable to have different crop choice models in each
continent.

The analysis suggests that the climate scenarios for 2100 will encourage China’s
farmers to change their mix of crops. The changes, however, will vary by region and
climate scenario. With PCM, the Northeast will move towards wheat and away from
vegetables, soybeans, and sugar. The Northwest will move towards wheat and pota-
toes, and away from soybeans, sugar and maize. The Middle will move away from
potato and towards cotton, sugar, and maize. With CCM2, the Northeast will move
towards wheat and potato and away from rice, vegetables, soybeans, sugar, and maize.
The Northwest will move towards wheat and potatoes, and away from soybeans,
cotton, sugar, and maize. The Middle will move away from rice and potato and
towards cotton, oil crops, wheat, sugar, and maize. The Southeast will move away
from rice and towards vegetables, sugar, and maize. The Southwest will move away
from rice, soybeans, maize, and wheat and towards vegetables, cotton, oil crops, and
sugar. The HADCM3 results are quite different. Northeast, Northwest, and Middle
farmers move away from the myriad of crops they grow now and instead plant mostly
potatoes. In the Southwest, farmers move away from wheat, soybeans and vegetables
and towards rice and maize. The results vary by region but also depend greatly on the
climate scenario.

We also test the importance of seasonal and regional variation in climate change.
The results indicate that they are both important, especially in combination. It is critical
that impact studies take into account the available regional and seasonal details of
climate model predictions. These variations have large impacts. Since these variations
are not consistent across models, the analysis also suggests that it is critical to include
more than one climate model in impact analysis in order to comprehend the range of
possible climate effects.

The analysis suggests that crop choice is very likely to change in China because of
climate change. These predictions are illuminating, but one must view these projec-
tions cautiously. First, the climate projections are uncertain and range from mild to
severe changes. Second, the impact analysis in this paper only examines changes in
climate. There are many other changes that are likely to take place as well. There is
likely to be new crop varieties, changes in relative prices, new management practices,
and new technologies. Third, water availability is likely to change with and without
climate change. The analysis does not take into account water availability or future
changes in water availability. Given that half of China’s farms are irrigated, water
availability is likely to be a very important issue. This is an important subject of future
research.” All of these changes must be taken into account to obtain an accurate
forecast of future conditions.

3Such a study may need hydrological modeling of the river basin within which the observed farms are located.
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The analysis reveals that adaptations will vary significantly across regions within
China. Climate change will cause some crops to increase in one region and fall in
another. Policy makers must be aware of this spatial variation of adaptation. They must
resist the temptation to move towards nation-wide adaptation policies and instead
make sure that adaptation is sensible at the local level. The analysis also suggests that
crop choice will depend upon the actual climate change scenario. It is prudent for
policy makers and farmers to make contingent plans but they should actually wait and
see how climate unfolds before making changes.

The analysis in this paper examines crop choice. Farmers can take other measures as
well in response to climate change. They can adjust varieties, not just species. They
can alter when they plant and harvest. They can choose different tillage practices. They
can adopt different irrigation technologies. They can adjust other inputs such as labor,
capital, and fertilizer. All of these measures need to be examined.

Farmers can select from an arsenal of adoption alternatives. This implies
that adoption options have to be available. This is a policy matter. The government
and private sector could help develop new crop varieties. New crops suited for a
warmer world would provide farmers with new opportunities to adapt. The govern-
ment could provide needed information via efficient public extension services or
private agents. The government could help establish favorable conditions for private
adaptation including establishing accessible credit lines and enforcing private property
ownership.

Additional public adaptations are also needed at the government level. It is likely
that climate change will make water scarce. One of the most important adaptations that
China can make concerns increasing the efficiency of water management. By reallo-
cating water to its best use, the government can make the best use of available water.
This includes sending signals of the economic value of water by establishing water
markets or efficient quotas and/or regulatory policies. Water management may also
involve engineering efforts to store water or transfer water from water abundant to
water short regions.
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Appendix

Table A-1. Actual and forecasted temperature and precipitation change by 2100 in each region
in China (A2 scenario).

China  Northeast Southeast Middle Northwest  Southwest
Actual
Temp (°C) Annual 124 6.5 16.1 15.0 8.5 16.0
Spring 13.0 7.6 15.5 15.1 10.2 16.4
Summer 23.9 22.0 26.4 25.9 21.2 24.2
Autumn 13.2 7.5 17.6 15.9 8.3 16.6
Winter -0.3 —11 5.0 32 -5.8 7.1
Prec (mm/mo)  Annual 71.5 26 102 117 16 86
Spring 137.6 126 181 153 48 180
Summer 55.4 34 74 59 20 90
Autumn 20.4 5 39 38 2 18
Winter 70.8 48 99 92 22 93
PCM
Temp (°C) Annual 2.95 2.92 2.09 2.59 3.36 2.51
Spring 2.77 2.63 2.30 2.62 2.80 2.66
Summer 2.71 2.54 1.60 2.20 3.66 1.83
Autumn 2.55 291 2.12 2.43 2.57 2.30
Winter 3.76 3.61 2.33 3.09 4.43 3.26
Prec (%) Annual 10.42 15.64 11.45 13.87 10.77 6.36
Spring 11.11 14.77 5.20 12.13 15.95 6.27
Summer 10.43 18.59 16.51 13.80 —4.00 12.4
Autumn 8.43 7.03 18.27 12.74 19.50 2.35
Winter 11.65 20.04 15.38 22.25 41.59 —10.85
HADCM3
Temp (°C) Annual 4.92 5.07 4.09 4.80 5.37 4.57
Spring 4.72 4.55 3.89 4.52 4.94 4.72
Summer 5.43 6.58 4.02 5.70 6.11 4.07
Autumn 4.89 5.20 4.25 4.98 5.00 4.85
Winter 4.66 3.94 4.21 4.00 5.45 4.66
Prec (%) Annual 23.43 34.68 24.60 26.03 14.55 29.69
Spring 24.62 22.02 25.77 30.57 18.29 33.41
Summer 21.21 40.59 18.77 14.63 6.11 25.52
Autumn 25.33 32.58 25.81 40.74 14.3 38.11
Winter 26.73 47.09 41.16 55.67 3591 23.13
CCM2
Temp (°C) Annual 5.19 5.05 4.67 5.54 5.80 4.32
Spring 5.50 4.59 6.38 6.27 5.89 5.19
Summer 4.63 4.60 3.27 4.85 5.44 3.13
Autumn 4.21 3.90 2.99 4.13 5.21 2.88
Winter 6.42 7.10 6.03 6.90 6.65 6.08
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China  Northeast  Southeast Middle Northwest  Southwest
Prec (%) Annual 6.84 6.68 8.24 8.13 9.91 —4.46
Spring 12.16 14.73 12.37 19.86 30.2 —6.57
Summer 9.65 19.02 6.43 11.88 4.57 —10.68
Autumn 0.04 —2.04 16.99 —-3.22 —-2.91 9.33
Winter —1.54 —20.81 —13.13 —8.96 15.48 11.75
Table A-2. Current cropping pattern in each region in China (%).
China North East South East Middle North West South West
Wheat 15.5 7.3 15.0 11.6 41.2 9.6
Rice 25.7 11.8 41.2 35.8 1.5 23.5
Vegetable 12.9 7.6 18.0 10.3 6.9 20.4
Soybean 6.0 20.6 1.5 3.9 32 1.8
Potato 6.4 5.4 3.3 4.3 7.1 14.8
Cotton 33 1.3 3.1 1.7 12.9 0.0
Oil Crops 8.6 3.7 9.5 11.7 10.4 6.6
Sugar 0.5 0.5 0.2 0.9 0.4 0.5
Maize 21.1 41.8 8.2 19.8 16.5 229
Total 100 100 100 100 100 100

Table A-3. Descriptive statistics for major variables used for analyzing the determinants of net

Crop revenue.

All farm Irrigated farm Rainfed farm
Mean Standard Mean Standard Mean Standard
deviation deviation deviation
Net cropping revenue per ha 10146 12280 12319 12846 7464 9736
(Yuan/yr)
Spring temp (°C) 13.2 4.7 13.8 35 11.05 4.7
Summer temp (°C) 24.2 3.2 25.1 2.6 22.6 34
Fall temp (°C) 13.7 5.6 14.4 4.9 11.1 5.6
Winter temp (°C) 0.3 8.5 0.9 6.7 -3.3 8.9
Spring prec (mm/month) 76.2 65.3 81.7 79.1 53.2 43.4
Summer prec (mm/month) 144.2 62.5 128.4 72.1 139.8 51.9
Fall prec (mm/month) 56.8 32.5 48.6 314 53.8 33.2
Winter prec (mm/month) 232 24.1 28.2 27.8 15.0 19.0
Share of land areas with clay 30 38 31 40 17 31

soil (%)
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Table A-3. (Continued)

All farm Irrigated farm Rainfed farm

Mean Standard Mean Standard Mean Standard

deviation deviation deviation
Share of land areas with silt 31 39 28 36 43 43
soil (%)
Plain (1 = Yes; 0 = No) 0.45 0.50 0.75 0.43 0.35 0.48
Road (1 = Yes;0 = No) 0.97 0.18 0.97 0.18 0.95 0.22
Distance to township 6.1 4.5 5.2 3.6 7.1 5.2
government (km)
Share of irrigated areas in 48.9 39.9
village (%)
If participate production 0.03 0.18 0.05 0.22 0.01 0.11
association
(1 = Yes; 0 = No)
Share of labor without 7.5 18.5 6.1 16.1 9.6 21.6
education (%)
Cultivated land area per 0.72 1.00 0.57 0.72 0.99 1.29

household (ha)

Note: The number of observations for all households is 8405, the number of observations for irrigated
households is 2750 and the number of observations for rainfed households is 2119.
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