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As an important agricultural production region in China, the North China Plain (NCP) is an ecologically
vulnerable region that frequently is hit by drought. Faced with drought and other extreme climate events,
policy makers have given top priority to the formulation and implementation of adaptation policies. This
paper assessed the effectiveness of adaptation policies, including the provision of early warning infor-
mation and policy supports, on farmers’ adaptive decisions regarding the planting of the wheat crop
in the NCP. Based on a unique dataset from a large-scale village and farm survey in five provinces in
the NCP, an econometric model of farmers’ adaptation practices is estimated. Results show that when
faced with a more severe drought, farmers change their management practices to mitigate its effects by
adjusting seeding or harvesting dates and enhancing irrigation intensity. The provisions of early warning

and prevention information and policy supports against drought facilitate farmers to make farm man-
agement adaptations. However, the effectiveness of early warning and prevention information or policy
supports differs by their provision channels or types. The findings of this study have policy implications
in coping with the rising frequency and seriousness of extreme weather events in China as a whole and
in ecologically more vulnerable NCP in particular.

© 2015 Elsevier B.V. All rights reserved.
. Introduction

As an important agricultural production region in China, North
hina Plain (NCP) is one of the ecologically vulnerable regions

requently hit by drought. The NCP is a large alluvial plain devel-
ped by intermittent flooding of the Huang, Huai and Hai rivers
Thomson et al., 2006). Seventy-five-percent of China’s wheat, 32%
f maize, and 19% of rice are supplied by the farmlands of the
CP (NSBC, 2012). Despite its importance to China’s food secu-

ity, sustainable development of this region has been challenged
y frequent and severe drought disasters. In the past three decades
1980–2011), on average, about 7.4 million ha of crop areas per
ear in the NCP has suffered the effects of drought. In 2000, losses

ttributed to drought were as high as 13 million ha, with half of the
rops suffering yield losses of more than 30% (MWR, 2012). The
rought caused large socio-economic losses, which amounted to

∗ Corresponding author. Tel.: +86 10 64889841; fax: +86 10 64856533.
E-mail address: jxwang.ccap@igsnrr.ac.cn (J. Wang).

ttp://dx.doi.org/10.1016/j.ecolmodel.2014.12.013
304-3800/© 2015 Elsevier B.V. All rights reserved.
1.4 billion USD in 2008 (MWR, 2009). Not only does drought impact
agricultural production, it also degrades the region’s ecological sys-
tem, as evidenced by its dried up rivers, declining groundwater
table, deteriorated water quality, and disturbed riparian habitats
(Xia et al., 2004; Mishra and Singh, 2010). Future climate change
promises to increase the severity and frequency of droughts (IPCC,
2007; Mishra and Singh, 2010; Dai, 2011).

Research results show that taking appropriate adaptive meas-
ures are essential to mitigate some negative impacts of drought
on agricultural production. For example, Zhang et al. (2011) found
that implementing comprehensive adaptive measures in the field
(such as changing varieties, adjusting seeding and/or harvesting
dates, implementing precision irrigation approaches, and apply-
ing other farm management measures) decreased yield loss due
to drought by 15% in the NCP. As summarized by the IPCC (2012),
in the event of a 1–2 ◦C increase in the local temperature, chang-

ing crop varieties, modifying seeding and/or harvesting dates, and
applying other farm management measures can reduce yield losses
by 10–15%. Tian et al. (2014) pointed out that farmers can compen-
sate for the negative influence of climate warming or even increase

dx.doi.org/10.1016/j.ecolmodel.2014.12.013
http://www.sciencedirect.com/science/journal/03043800
http://www.elsevier.com/locate/ecolmodel
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ecolmodel.2014.12.013&domain=pdf
mailto:jxwang.ccap@igsnrr.ac.cn
dx.doi.org/10.1016/j.ecolmodel.2014.12.013
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rop yield by choosing the most suitable crops, cultivars and crop-
ing systems. The effectiveness of adaptive measures for drought
itigation and the management of other climate-related risks has

een studied by some scholars (Kantolic et al., 2007; Di Falco et al.,
011; Xiao and Tao, 2014).

Frequent droughts and their resulting negative impacts on the
CP region have concerned policymakers, who question how they
ay mitigate these impacts through appropriate adaptive meas-

res. In recent years, both international and domestic policymakers
ave accorded top priority to formulating and implementing adap-
ation policies in their respective policy agendas (World Bank,
010; IPCC, 2012). In addition to issuing white papers on national
daptation policies, China also has introduced some specific poli-
ies on coping with droughts (NDRC, 2007, 2012). For example, the
hinese government issued the Drought Control Regulation in 2009
nd National Drought Control Planning in 2011. These policies not
nly define the responsibilities for drought control but also pro-
ote technical, physical, and financial policies to help farmers deal
ith drought. In addition, the establishment of an early warning

nd prevention information system at the national and local level
lso has been noticed by policymakers in China (Chen et al., 2014).

A pertinent question is whether the government’s efforts on
ssuing adaptation polices significantly influence farmers’ adaptive
ecisions and help them improve their adaptive capacity. More-
ver, how is the information from the early warning and prevention
ystem delivered to farmers? What are major policy supports for
armers to deal with extreme weather events? Have the early
arning information system and various policy supports against

xtreme weather events improved adaptive capacity of farmers? In
ractice, what kinds of adaptive measures are taken by farmers to
ght drought? In addition to adaptation policies, what other factors

nfluence farmers’ adaptive behavior? In recent years, a growing
ody of literature has analyzed the determinants of farmers’ adap-
ive decisions, both qualitatively (Ju et al., 2008; Su et al., 2012;
jögersten et al., 2013) and quantitatively (Deressa et al., 2009;
i Falco et al., 2011; Chen et al., 2014; Huang et al., 2014; Wang
t al., 2014). However, most studies have focused on the effects of
hysical and socioeconomic factors while only a few studies have
uantified the influence of some adaptation policies on farmers’
daptive behavior (e.g., Di Falco et al., 2011; Chen et al., 2014).
mportantly, no study has analyzed farmers’ adaptive behavior
gainst drought in the NCP. Increasingly extreme weather events
ave turned the spotlight on the importance of effective measures
aken by farmers not just in China but also in other developing
ountries (Mendelsohn et al., 2006; Seo and Mendelsohn, 2006).

The overall goal of this paper is to assess the effectiveness of
ajor adaptation policies on farmers’ adaptive decisions in the NCP.

pecifically, we focus on two kinds of adaptation policies. The first
olicy is provision of early warning and prevention information
gainst drought, and the second is provision of technical, physical
nd financial policy support. Not only do we focus on the provision
tatus, but we also identify the effectiveness of provision channels
nd types of policy supports, respectively, that are used to imple-
ent the above mentioned adaptation policies. As revealed by Chen

t al. (2014), the major adaptive measures taken by farmers are non-
ngineering measures, or farm management measures (such as
djusting crop varieties, changing seeding and/or harvesting dates,
djusting production inputs, or other management measures rele-
ant to crop production). Therefore, this paper also focuses on farm
anagement measures. Finally, adaptive farm management meas-

res likely differ by crop. In this study we select wheat, the most
mportant crop in the NCP, as the target crop.
To meet the above objectives, the rest of this paper is orga-
ized as follows. The next section briefly introduces the data used

n this study. Section 3 discusses the farm management measures
aken by farmers. Section 4 presents the results of the descriptive
ling 318 (2015) 275–282

statistical analysis on the correlation among information provision,
policy support and farm management measures taken by farm-
ers against drought. Econometric analyses in Section 5 include the
influence of information provision, policy supports and other fac-
tors on farmers’ adaptive responses in terms of farm management
measures. Section 6 concludes with policy implications.

2. Data

The data used in this study are based on a large-scale house-
hold and village survey conducted in nine provinces of China from
the end of 2012 to the early 2013. These nine provinces include
Hebei, Henan, Shandong, Jiangsu, Anhui and Jilin in northern China,
and Jiangxi, Guangdong and Yunnan in southern China. Of these
nine provinces, five provinces (Hebei, Henan, Shandong, Jiangsu
and Anhui) are located in the NCP and therefore used in this study
(Fig. 1). While the NCP also covers Beijing and Tianjin, wheat
production in above five provinces accounted for 99% of wheat pro-
duction in the NCP and 75% of China’s total wheat production in
2012 (NSBC, 2012).

During the survey, the following strategies were used for sample
design and selection in each province. First, three counties in each
province were randomly selected from those counties that met the
following two conditions in the past three years (2010–2012): (i)
had experienced a year with severe drought or flood (or disaster
year); and (ii) had experienced a relatively normal weather year.
A relatively normal year here is considered as a year when severe
drought or flood did not occur at the county level. Many fewer farm-
ers experience drought or flood in a relatively normal weather year
(for convenience, the term normal year is used thereafter). By col-
lecting data from one year with an extreme weather event and the
other year having normal, we can identify the impact of extreme
weather and differences in adaptation between extreme weather
year and normal year. The selection of these counties is possible
because there are about 100 counties in each province, and at least
20% of them experienced a severe drought and flood during the past
three years.

Stratified random sampling was used to select three townships
from each selected county and three villages from each township.
Townships were stratified into three groups according to their rural
water infrastructure: above average, average, or below average.
Then one township from each of these three groups was randomly
selected. The same approach was used to select three villages from
each of the selected townships. Finally, ten farm households were
randomly selected in each village, and in each farm household, two
plots that were planted to major crops were chosen for the survey.
In total, the samples in the five selected provinces included 2700
plots, 1350 households, and 135 villages in 15 counties. For more
detailed sampling rules, please refer to Huang et al. (2014). Since
our research focuses on how farmers’ planting practices help wheat
adapt to drought, we deleted questionnaires obtained in the flood
counties and from households that did not plant wheat in the past
three years. The final sample included 1626 plots and 870 house-
holds in 89 villages in 10 counties. The collected data for each plot
included data for both a normal and a drought year.

While the household and village level survey covers a wide
range of issues, our analysis used only data relevant to this study.
For the household level surveys, we used the following data: (i)
farm management measures taken by farmers at their plots to
cope with drought, such as planting drought-resistant varieties,
adjusting dates of seeding and/or harvesting, reseeding, enhancing

irrigation intensity, and increasing production inputs (such as fer-
tilizer, labor, and pesticide); (ii) household characteristics, such as
farm size, number of family members, age, education and farming
experience of household head, number of relatives, distance to the
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in the North China Plain (NCP) in China.
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Table 1
Farm management measures taken by wheat farmers to cope with drought in the
NCP.

Normal year Drought year

Adjusting dates of seeding or harvestinga 0.0 24.0
Enhancing irrigation intensitya 0.0 19.8
Reseeding 15.7 17.0
Planting drought-resistant seed 8.7 9.3
Increasing production inputsa 0.0 1.7
Fig. 1. Locations of five provinces

earest wholesale markets of agricultural products and distance
o the nearest shops for agricultural production inputs; and (iii)
lot characteristics such as soil type (loam, clay and sandy soil) and
alinity characteristics, landform (plain or mountain), and distance
o the nearest township road.

For the village level survey, we used mainly the following three
inds of data: (i) information on provision status of early war-
ing and prevention information (whether or not the provision
xisted) and channels for its provision to villages (provision chan-
els included TV, meeting, loudspeaker, documentation, cell phone
ext message, and face-to-face reminders); (ii) policies in terms of
echnical (such as sending extension workers to the field), financial
such as providing subsidies) and physical support (such as pro-
iding production inputs) from the government to help villages to
ope with drought; (iii) condition of the irrigation infrastructure in
he villages, such as numbers of tubewells, irrigation and drainage
tations, branch and tertiary canals, and ponds. The descriptive
tatistics of the above data collected from the household and village
evel surveys are summarized in Table in the Appendix.

. Farm management measures taken by farmers against
rought

In the NCP, even in a normal year, farmers still need to imple-
ent some farm management measures to improve agricultural
roductivity. As an ecologically vulnerable region characterized by
requent drought, there is almost no absolutely normal year exist-
ng in the NCP. Therefore, it is not surprising to find that farmers
ook certain farm management measures to ensure agricultural
Source: Authors’ survey.
a Relative to normal year.

production even in the normal year. For example, even in the nor-
mal year, 8.7% of sampled plots planted drought-resistant varieties
and 13.7% of sampled plots reseeded to cope with drought and
reduce production vulnerability.

However, we are most interested in how farmers change or
strengthen their farm management practices to mitigate the poten-
tial negative impacts of a severe drought? Our results show that
when faced with more severe droughts, farmers change their man-
agement practices or make adaptive responses to mitigate the
impacts of the drought. The first line of response included adjus-
ting the seeding and/or harvesting dates for wheat; indeed, 24% of
sample wheat plots had adjusted seeding and/or harvesting dates
(Table 1). Relative to the normal year, in the year with more severe

drought, 11% of the sampled plots had advanced seeding date by 12
days, and 10% of the sampled plots had postponed seeding dates by
10 days. In addition, 8% and 6% of the sampled plots had advanced
and postponed harvesting dates by 9 days and 7 days, respectively.
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Table 2
Provision of early warning and prevention information and policy support.

Share of villages (%)

Early warning and prevention information
Without provision 31
With provision 69

By type of provision channels
- TVa 48
- Only one channelb 11
- Two or more channelsc 10

Policy support against drought
Without policy support 82
With policy support 18

By type of policy support
- Only technical support 3
- Only physical support 2
- Only financial support 8
- Two or more support 5

Source: Authors’ survey.
a Including TV (only TV or TV and other channels together).
b Only one of the following five kinds of channels: meeting, loudspeaker, docu-

ment, cell phone text message or face-to-face reminders.
c Not including TV, any combination of the following five kinds of channels: meet-
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Table 3
Relationship between provision of early warning and prevention information and
farm management measures taken by farmers.

Share of plots applying farm
management measures (%)

Without provision 30
With provision 41

By type of provision channels
- TVa 41
- Only one channelb 37
- Two or more channelsc 42

Source: Authors’ survey.
a Including TV (only TV or TV and other channels together).
b Only one of the following five kinds of channels: meeting, loudspeaker, docu-

ment, cell phone text message or face-to-face reminders.
c

ng, loudspeaker, document, cell phone text message or face-to-face reminders.

Farmers also respond to drought by enhancing irrigation inten-
ity (or increase irrigation times). Compared with the normal year,
n additional 19.8% of the wheat plots increased irrigation inten-
ity in the severe drought year (Table 1). As the region suffers from
ater shortages, the use of irrigation as an important measure to

nsure agricultural productivity is notable. In our sample, 74% of
he wheat plots were irrigated using either groundwater or sur-
ace water. Thus, the severe water shortage during drought years
nd the continued depletion of the groundwater and surface water
ean that enhancing irrigation in the field will become an impor-

ant adaptive measure for farmers to mitigate the negative impacts
f drought. Farmers reseeded or planted drought-resistant seed
ven in the normal year, and these activities increased in more
evere drought years; the percentage of reseeded plots increased
rom 15.7% to 17%. Finally, some production inputs (such as fertil-
zer, labor and pesticide) also were found to have increased in the
evere drought year, but only moderately (1.7%).

. Information provision, policy support, and farm
anagement measures against drought

.1. Information provision and farm management measures
aken by farmers

The provision of early warning and prevention information is an
mportant adaptive measure provided by the government to cope

ith drought. Our results show that 69% of the sampled villages
sed early warning information provided by the local govern-
ent to cope with drought (Table 2). Information provision mainly

mphasizes how farmers might prevent potential losses by inform-
ng them about the possible duration and severity of the forecasted
rought and by reminding them about measures that they could
ake to reduce losses (Chen et al., 2014).

The provision of early warning and prevention information
akes place via different channels (Table 2). This information can
e provided to villages through media, such as television (TV), the
ost common medium in rural areas. Additionally, such informa-

ion also can be provided in meetings organized by township or

ounty officials who then release the information to village lead-
rs and farmers. Issuing urgent disaster documents from higher
o lower levels of government, texting messages to farmers’ cell
hones or educating farmers through loudspeakers or face-to-face
Not including TV, any combination of the following five kinds of channels: meet-
ing, loudspeaker, document, cell phone text message or face-to-face reminders.

reminders are all possible channels for villages to receive such
information. Our survey shows that TV is one of the most important
channels for spreading early warning and prevention information,
and 48% of the sampled villages received this information through
this channel (Table 2). In contrast, 11% of the sampled villages were
provided information only through the following four channels:
meetings, loudspeakers, documentation, cell phone text messages,
or face-to-face reminders. Finally, 10% of the sampled villages
received information from more than two channels (excluding TV)
(Table 2).

The farmers’ adaptive responses against drought are closely
related to information provision. When the villages were provided
with this information, farmers implemented farm management
measures to cope with drought for 41% of the plots (Table 3). This
percentage is higher than that in the villages that were not provided
this information (30%). As expected, those villages that received the
information service from two or more channels had the highest
application of farm management measures (42%).

4.2. Policy support and farm management measures taken by
farmers

In addition to the provision of early warning and prevention
information, the government also provides direct technical, physi-
cal, and financial policy support to enhance the adaptation capacity
of local communities and farmers. With respect to technical sup-
port, its major pattern is to send extension staff and technology
researchers to the fields to advise farmers on how they could apply
new management practices (such as adjusting seeding and/or har-
vesting dates or using some new seed varieties) (Chen et al., 2014).
The local government also provides farmers with materials (e.g.,
drought-resistant seeds, fertilizer, pesticide or other inputs) to help
mitigate effects of drought; we call these physical supports. Finan-
cial support is provided directly to farmers through drought relief
funds and subsidized loan. According to our survey, only 18% of
the sampled villages obtained one or more kinds of policy support
(Table 2). Specifically, 13% of the villages obtained only one of three
kinds of support. The number of sampled villages that obtained
only financial support (8%) is higher than other those that were
provided one of the other two types of support (3% for technical
support and 2% for physical support). Five percent of the sampled
villages obtained two or more kinds of policy support during the
same period.

Provision of policy support is positively associated with farm-

ers’ adaptive responses to drought. The share of plots that applied
farm management measures in villages getting policy support from
the government was 44%, higher than that of the villages that did
not get such support (Table 4). Importantly, we found that farmers’
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Table 4
Relationship between policy support and farm management measures taken by
farmers.

Share of plots applying farm
management measures (%)

Without policy support 35
With policy support 44

By type of policy support
Only technical support 35
Only physical support 44
Only financial support 41
Two or more support 61
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ources: Authors’ survey.

daptive responses (or the share of plots applying farm manage-
ent measures) were higher (61% of the plots) when two or more

inds of policy support (combination of technical, physical and
nancial support) were provided to the villages. If only one of three
inds of support were provided to the village, the share of the plots
pplying farm management measures ranged from 35% to 44%.

. Econometric model and estimation results

.1. Specification of econometric models

Since descriptive analysis does not control for the influence of
ther factors, it is difficult to separate the major factors influencing
armers’ decisions on farm management measures against drought.
o better quantify the influences of different factors on farmers’
ecisions, we specified the following econometric model, based on
hen et al. (2014), Di Falco et al. (2011) and Deressa et al. (2009).

ijk = ˛ + ˇDk + ıIk + �Pk + �Vk + ϕHjk + �Lijk + �Rk + εijk

n the above model, Mijk indicates whether the farmer of plot i in
ousehold j in village k applied farm management measures against
rought, with a value of 1 if the plot applied the farm manage-
ent measures (such as adjusting dates of seeding or harvesting,

nhancing irrigation intensity, planting drought-resistant varieties
r increasing production inputs) or zero otherwise. Dk is a dummy
ariable measuring whether the severe drought occurred (1 = yes;
= no). Ik represents the early warning and prevention information

ervice at the village level, measured in the following two alterna-
ive ways: (i) a dummy variable on whether the early warning and
revention information was provided (1 = yes; 0 = no); or (ii) three
ummy variables (1 = yes; 0 = no) on the channels of information
ervice, namely TV channel, only one channel, and two or more
hannels as discussed in the previous section. Pk is policy support
nd is measured in the following two alternative ways at the vil-
age level: (i) a dummy variable on the provision of policy support
1 = yes; 0 = no); or (ii) four dummy variables (1 = yes; 0 = no) on the
ypes of policy support as discussed in Table 4.

In addition to the above three sets of explanatory variables that
re particularly interesting, we also include a set of control vari-
bles on village infrastructure (Vk), characteristics of households
Hjk,), plots (Lijk), and a set of provincial dummy variables (Rijk,)
hat might affect the application of adaptive measures by individ-
al households. Specifically, Vk includes four variables. They are
he number of tubewells, the number of irrigation and drainage sta-
ions, the number of branch and tertiary canals, and whether or not
here was a water pond in the village. Hjk includes eight variables
n the household characteristics. They are farm size (ha), number

f family members, age (year), education (year), farming experi-
nce (years) of household head, number of relatives within three
enerations, distance to the nearest wholesale market of agri-
ultural products (km), and distance to the nearest shop selling
ling 318 (2015) 275–282 279

agricultural inputs (km). Lijk includes five plot characteristics, rep-
resented by two dummy variables for different soil types (loam and
clay soil), one saline dummy variable (1 = yes; 0 = no), one land type
variable (1 for plain and 0 for mountain), and one variable on the
distance to the nearest township road (km). Rijk, is a set of provin-
cial dummy variables that control for those factors and that differ
by province but that do not change over time. In the model, ˛, ˇ, ı, �,
� , ϕ, �, � are parameters to be estimated. εnij is random error term
and assumed to be subjected to independent identical distribution.

5.2. Estimation results

The econometric model presented above is estimated in two
alternative specifications due to two alternative measurements of
the policy variables. The estimation results of both specifications
(Model 1 and Model 2) are presented in Table 5.

The estimation results for the two models show that both mod-
els perform well. The likelihood-ratio statistics for the two models
are all significant at the 1% level and pass the Chi-squared test
(Table 5). The goodness of fit measures (the Pseudo R2) ranges from
0.132 to 0.134, which is not low for cross-sectional household data,
in particular for a binary response model.

Importantly, the signs of most interested variables are statisti-
cally significant and consistent with our expectation. For example,
the sign of the drought event coefficient is positive and statisti-
cally significant at the 1% level in both models, which implies the
importance of drought event on farmers’ adaptive behavior. The
provision of information is positive and statistically significant, and
the variable representing two or more information channels also is
positive and statistically significant. Therefore, information provi-
sion (particularly through two or more channels can play significant
impacts on farmers’ adaptive behavior. The variable representing
policy support and variables representing support types (through
technical or two or more types) are positive and statistically signif-
icant, indicating the importance of policy support on influencing
farmers’ adaptive behavior.

Furthermore, the sign of many village, household, and plot level
control variables are consistent with our expectations, and about
half of them are statistically significant. For example, in both two
models, the sign of the coefficient on pond is positive and statisti-
cally significant, which implies that, after keeping all other factors
constant, farmers are more likely to apply farm management meas-
ures in those villages that have water ponds. The results also
indicate that larger farms are more capable at applying adaptive
measures. Younger farmers and farmers with richer farming expe-
riences and better social networks (due to having more relatives)
are more likely to apply adaptive measures against drought. Such
results are also consistent with the findings of some other stud-
ies, such as Chen et al. (2014) and Deressa et al. (2009). Moreover,
the results also indicate that adaptive measures on farm manage-
ment are more likely to be implemented on plain farmlands than
on hilly, sloped or terraced farmlands. One possible reason for this
result could be the ease of applying farm management measures in
plain farmlands.

5.3. Discussion for major results

As expected, when faced with drought, farmers did make adap-
tive responses to reduce their vulnerability to drought disaster. The
sign of the drought event coefficient is positive and statistically
significant at the 1% level in both models (Table 5). The estimated
marginal effect (0.2799 in model 1 and 0.2827 in model 2; Table 5)

suggest that, after controlling for the impacts of other factors in the
model, when wheat is shocked by a severe drought, compared with
normal year, the probability of farmers to adapt to drought through
applying farm management measures increases by about 28%.
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Table 5
Determinants of farm management measures taken by farmers against drought:
Probit Econometric model.

Model 1 Model 2

Drought year (1 = yes; 0 = no) 0.2799*** (15.88) 0.2827*** (15.66)
Provision of early warning and

prevention (1 = yes; 0 = no)
0.0340* (1.65)

Provision channels of early warning and prevention information
TV (1 = yes;0 = no) 0.0291 (1.33)
Only one channel (1 = yes; 0 = no) 0.0062 (0.16)
Two or more channels (1 = yes;

0 = no)
0.0643* (1.84)

Policy support against drought
(1 = yes; 0 = no)

0.0740*** (3.07)

Types of policy support against drought
Only technical support (1 = yes;

0 = no)
0.0191 (0.39)

Only physical support (1 = yes;
0 = no)

0.2122*** (2.95)

Only financial support (1 = yes;
0 = no)

0.0530 (1.60)

Two or more support (1 = yes;
0 = no)

0.1354*** (0.0472)

Village irrigation infrastructure
Number of tubewells −0.0011** (2.54) −0.0012*** (2.62)
Number of irrigation and drainage

stations
0.0081 (0.30) 0.0167 (0.62)

Number of branch and tertiary
canals

−0.0018 (1.09) −0.0019 (1.11)

Having pond (1 = yes; 0 = no) 0.0482* (1.78) 0.0677** (2.38)
Household characteristics

Farm size (ha) 0.0247 (1.64) 0.0256* (1.70)
Family member (persons) 0.0022 (0.77) 0.0027 (0.66)
Age of household head (years) −0.0062*** (3.55) −0.0064*** (3.66)
Education of household head

(years)
0.0055*** (0.77) 0.0056*** (0.66)

Farming experience of household
head (years)

0.0023 (3.40) 0.0020 (3.41)

Number of relatives within three
generations

0.0075*** (4.41) 0.0076*** (4.45)

Distance to the nearest wholesale
market (km)

0.0012 (1.35) 0.0014 (1.55)

Distance to the nearest shop
selling agricultural inputs (km)

−0.0004 (0.08) 0.0000 (0.07)

Plot characteristics
Loam (1 = loam; 0 = other) −0.0307 (1.24) −0.0320 (1.29)
Clay (1 = clay; 0 = other) −0.0219 (0.88) −0.0267 (1.06)
Saline (1 = yes; 0 = no) 0.0670** (2.29) 0.0647** (2.21)
Land type (1 = Plain; 0 = Mountain) 0.1371** (1.93) 0.1419** (2.00)
Distance to the nearest township

road (km)
0.0184 (1.20) 0.0186 (1.21)

Province dummies Not report Not report
Observations 3252 3252
LR chi2 565 577
Pseudo R2 0.132 0.134

Note:
* Significant at the 10 percent level, respectively and z-value are in parentheses.
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** Significant at the 5 percent level, respectively and z-value are in parentheses.
*** Significant at the 1 percent level, respectively and z-value are in parentheses.

Importantly, the estimation results reveal that providing early
arnings and prevention information significantly promotes the

pplication of adaptive measures. The estimated coefficient of the
ariable that represents the provision of information is positive and
tatistically significant (Model 1, Table 5). The result demonstrates
hat providing early warning and prevention information plays
significant role in helping farmers decide whether they should

pply adaptive measures when they face a drought. According to
esults on the marginal effects (0.034), if local governments provide
nformation regarding drought, the possibility of farmers applying

arm management measures can increase by 3.4%.

However, the estimation results also reveal that the effective-
ess of providing early warnings and prevention information differs

argely by the channel of delivery (Model 2, Table 5). The estimated
ling 318 (2015) 275–282

coefficient on providing information through two or more chan-
nels (combinations of meetings, loudspeakers, documentation, cell
phone text messages and, face-to-face reminders) is positive and
statistically significant (row 5). However, although the coefficients
for only one channel (only one of the following, excluding TV:
meetings, loudspeakers, documentation, cell phone text messages,
and face-to-face reminders) and TV alone are positive, but are
not statistically significant. It implies that provision of informa-
tion intended to promote the application of farm management
measures against drought is effective only if several channels are
employed simultaneously. Based on the marginal effect estima-
tion (0.064), information provision through two or more channels
can increase the possibility of farmers implementing adaptive
measures by 6.4%. Interestingly, although TV is the most common
channel for information provision, it does not play a significant role
in promoting the implementation of adaptive measures. This result
possibly indicates that farmers do not pay enough attention to the
information provided through TV.

Furthermore, the estimation results show that offering policy
support significantly facilitates farmers in applying adaptive meas-
ures against drought. The estimated coefficient for the provision
of policy support variable is positive and statistically significant
(Model 1 in Table 5). That is, during times of severe drought, if the
government can provide policy supports by assisting farmers to
relax some of their constraints either on technical, physical or finan-
cial aspects, their probability to adapt to drought through applying
farm management measures can increase by 7.4%.

Similarly, we also found that the impacts on farmers to apply
adaptive measures against drought differ largely by type of pol-
icy support. Significant impacts are found for policy support
only through physical support (Model 2, Table 5). The estimated
coefficient for only physical support is positive and statistically sig-
nificant at the 1% level, indicating that such support can increase
the probability of farmers applying adaptive measures by nearly
21%. Interestingly, no statistically significant impacts of technical
or financial support on farmers’ adaptation are found in our study.
While we have no good explanation for this insignificant impact,
the quality of technical extension or the amount of financial subsi-
dies for drought might need attention. As expected, the estimated
marginal effect of the variable for two or more policy supports
is statistically significant, and its magnitude (0.1354) is between
the impacts of physical support (0.2122) and the other two policy
supports. This is because the variable also includes the technical
and financial supports that have relatively lower impacts than the
physical policy support variable. The overall results indicate that
providing policy supports can create larger impacts on farmers’
adaptive decisions than information provision.

6. Concluding remarks

This study examined how farmers have made adaptive
responses against drought and assessed the effectiveness of adap-
tation policies on farmers’ decisions in the NCP. The data come from
one large field survey in five provinces in the NCP. The results show
that even in a normal year, farmers growing wheat still need to
apply some farm management measures to improve agricultural
productivity. Part of the reason could be that these farm manage-
ment measures can improve wheat productivity. Also some wheat
plots in certain villages might suffer severe drought in relatively
normal years as the size of a county in the NCP is quite big. Inter-
estingly, when faced with more severe droughts, farmers tended

to change their management practices. The results show that the
major changes in farm management practices included adjusting
seeding and/or harvesting dates, enhancing irrigation intensity, and
reseeding or planting drought-resistant seed.
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Table A1 (Continued)

Mean Std. dev.

Provision channels of early warning and prevention information
TV (1 = yes; 0 = no) 0.482 0.500
Only one channel (1 = yes; 0 = no) 0.107 0.297
Two or more channels (1 = yes; 0 = no) 0.103 0.307

Policy support against drought (1 = yes; 0 = no) 0.191 0.394
Types of policy support against drought

Only technical support (1 = yes; 0 = no) 0.034 0.181
Only physical support (1 = yes; 0 = no) 0.020 0.143
Only financial support (1 = yes; 0 = no) 0.083 0.277
Two or more support (1 = yes; 0 = no) 0.052 0.223

Village irrigation infrastructure
Number of tubewells 57.83 72.629
Number of irrigation and drainage stations 0.332 0.969
Number of branch and tertiary canals 3.601 9.001
Having pond (1 = yes; 0 = no) 0.350 0.471

Household characteristics
Farm size (ha) 0.583 0.635
Family member (person) 4.709 2.000
Age of household head (year) 54.241 10.392
Education of household head (year) 6.977 3.152
Farming experience of household head (year) 34.843 11.286
Number of relatives within three generations 12.833 5.396
Distance to the nearest wholesale market

(km)
8.365 10.121

Distance to the nearest shop selling
agricultural inputs (km)

1.467 1.705

Plot characteristics
Loam (1 = loam; 0 = other) 0.363 0.481
Clay (1 = clay; 0 = other) 0.373 0.484
Saline (1 = yes; 0 = no) 0.109 0.312
Land type (1 = Plain; 0 = Mountain) 0.985 0.123
Distance to the nearest township road (km) 0.319 0.676

Plot sample 3252
J. Wang et al. / Ecological

Quantitative analysis based on econometric modeling reveals
hat the adaptation policies do have impacts on farmers’ adap-
ive responses to drought through applying farm management

easures. Specifically, our results show that keeping other factors
onstant, the provision of early warning and prevention infor-
ation can increase the probability of farmers applying farm
anagement measures by 3.4%. If the information is provided

hrough multiple channels simultaneously (such as combinations
f meetings, loudspeakers, documentation, cell phone text mes-
ages, and face-to-face reminders), the probability of applying
daptive measures increases by more (7.4%). In addition, the pro-
ision of policy support creates even larger impacts on farmers’
daptive decisions; if local governments provide policy support
gainst drought, on average, the probability of farmers applying
arm management measures increases by 7.4%. The most effective
olicy is physical support, which can increase the probability of
pplying adaptive measures by 21%.

The results of this study have several policy implications. First,
here is room for the government to improve its early warning and
revention information system for local villages and farmers. In
ur study area, about one third of the rural villages in the NCP were
ot provided with this information service. Second, there is con-
iderable room for expanding direct policy support, since it can
lay an even larger role in improving farmers’ adaptive capacity.

n our sample sites, the percentage of villages with access to pol-
cy support was low; only 18% of the sampled villages enjoyed one
r more kinds of policy support. The influence of policy support on
armers’ adaptive responses is larger than provision of information.
hird, our results also imply that the effectiveness of policies dif-
ers largely among different types of policy support. There should
e priorities for government’s efforts and expenditures. Of course,
ifferent policy supports also should consider their costs and
enefits, which is an important issue that needs further study.
ourth, enhancing the adaptation capacity of smaller farms and
mproving social networks of all farmers are particularly impor-
ant for climate adaption policies. Last but not least, we believe that
mproving farmers’ adaptive capacity against drought is not only
elevant to sustainable development in agricultural production, but
lso relevant to the overall healthy development of the ecologi-
al system in the NCP. Agricultural production and the associated
gro-ecosystem are important components of the ecological sys-
em. Improving adaptation capacity in agriculture and improving
ts productivity can also partially release increasing land and water
ressure from crop production and therefore indirectly contribute
o sustainable development of the ecological system in the NCP.
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ppendix A.

able A1
escriptive statistics of major variables in drought area of NCP.

Mean Std. dev.

Farming management adaptation
(1 = applying; 0 = no applying)

0.372 0.483

Drought year (1 = yes; 0 = no) 0.500 0.500
Provision of early warning and prevention
(1 = yes; 0 = no)

0.691 0.466
Source: authors’ survey.
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