FEATURE

doi:10.2489/jswc.68.6.147A

Agricultural irrigation in China

Xiufang Zhu, Yizhan Li, Muyi Li, Yaozhong Pan, and Peijun Shi

s the most populous country in

the world, China always faces

challenges for food security. The
country must feed its 1.3 billion people
with less than 10% of the world’s arable
land (Wu et al. 2010). Over the last 60 years,
the population of China has increased from
0.5 to 1.3 billion, the total irrigated area has
increased almost monotonically from 15.9
million ha (39.3 million ac) to 61.7 million
ha (152.5 million ac), and grain output has
increased from 113.2 billion kg (249.6 bil-
lion 1b) to 571.2 billion kg (1,259.5 billion
Ib) (figure 1).

Arable land and available water resources
are distributed unevenly in China.To real-
ize self-sufficiency in food production, the
Chinese have undertaken large-scale pro-
grams to increase agricultural production.
Efforts include using chemical pesticides
and fertilizers, developing new strains of
genetically modified crops, and investing
in irrigation infrastructure. Among those
measures, agricultural irrigation has made
the largest contribution to crop yield
increase and poverty reduction in rural
areas (Huang et al. 2000).

Irrigation  stabilizes crop production,
improves crop quality, reduces rural poverty,
and allows for diversification in farm pro-
duction. Approximately half of the national
cropland is irrigated and produces 75% of
the nation’s food, 80% of its cotton and
oil-bearing crops, and 90% of its vegetables
and fruits (Kai et al. 2006). The crop pro-
duction of irrigated areas is much higher
than that of nonirrigated land, especially in
northwest China where the production of
irrigated paddy land is about three times
higher than that of nonirrigated land (table
1). Advances in agricultural science and
technology (including agricultural irriga-
tion) have allowed the total production of
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grain crops to increase over fivefold from
1949 (113.2 billion kg [249.6 billion 1b]) to
2011 (571.2 billion kg [1,259.5 billion Ib]),
with an annual growth rate of 6.42%. The
average per capita grain production in 2011
was 425 kg (937 1b) compared to 208.9 kg
(460.6 1b) in 1949, representing a twofold
increase during that period.

The role thatirrigation can play in ensur-
ing future food security is unclear. On one
hand, agricultural irrigation is expected
to continue to contribute to the stabiliza-
tion of food prices, increases in farmers’
income, and increases food supply for
over 1.3 billion Chinese. Simultaneously,

the potential to develop additional water
resources and infrastructure in the future
may be limited. Water security and water
controversy among different sectors is
becoming increasingly drastic. In addition,
climate change is projected to worsen the
situation. The warming trend is expected
to continue, which is likely to accelerate
evaporation and soil dryness (Sheffield
and Wood 2008). Climate change also
modifies precipitation geographically and
temporally, placing more stress on the
water and food security of China (Kitoh
et al. 2005; Zhang et al. 2006; Kharin et al.
2007; Chen and Sun 2009).

Figure 1
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The variation of (a) grain output, (b) effective irrigated area, total sown area, grain
crops sown area, and (c) population in China between 1949 and 2011. The data before
2005 is from the China compendium of statistics 1949 to 2004 (NSBC 2005), and the
data after 2005 is from the China Statistical Yearbook 2012 (NSBC 2012).
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Effective Irrigated Area. China began
to forcefully exploit water resources and
develop irrigation starting at the time of
the foundation of New China in 1949.
The development of the effective irrigated
area (EIA) can be generally divided into
three phases: 1949 to 1980, 1981 to 1990,
and 1991 to present.

During 1949 to 1980, a period of
rapid expansion, the Chinese government
invested heavily in irrigation projects such
as canals, reservoirs, dams, and wells. The
EIA increased dramatically from 15.9 mil-
lion ha (39.3 million ac) in 1949 to 44.9
million ha (111 million ac ) in 1980, repre-
senting nearly a threefold increase (NSBC
2012). The number of mechanical and
electrical wells for irrigation increased
from 0.11 million in 1961 to 2.69 million

partly offset the newly added EIA (MWRC
2009). The reasons for the observed reduc-
tion of EIA included aging and damage of
structures, abortion of wells, land occupa-
tion by construction, long-term insufficiency
of water sources, conversion of farmland to
other usage, and others. Aging and damage to
structures was the dominant factor. In 2008,
the amount of EIA fell by 0.65 million ha
(1.61 million ac), 37% of which was caused
by aging and damage of structures (table 2).

The irrigated area of forestry, fruit
gardens, pasture land, and others have
increased over the last 10 years (figure 2).
The total irrigated area of forestry, fruit
gardens, and pasture land was 1.1, 1.6, and
1.0 million ha (2.7, 4.0, and 2.5 million
ac) and 1.7, 2.1, and 1.2 million ha (4.2 ,
5.2.and 3.0 million ac) in 2000 and 2008,
respectively (MWRC 2009).

Meanwhile, the direction of irriga-
tion development changed from extensive
management to intensive management.
More emphasis was put on water-saving
irrigation, optimizing irrigation manage-
ment, and modernization and maintenance
of large-scale irrigation systems. As of
2011, there were up to 348 pieces of large
irrigation area that spread over 20,000 ha
(49,420 ac) with an effective irrigated area
of 15.8 million ha (39 million ac) (NSBC
2012). The total area of water-saving irri-
gation had grown to 24.4 million ha (60.3
million ac) by 2008 (MWRC 2009), tak-
ing up 41.8% of the total EIA, in which
the total area of sprinkler irrigation,
micro-irrigation, low-pressure pipe irriga-
tion, and canal lining irrigation were 2.8,
1.2,5.9,and 1.0 million ha (6.9, 3.0, 14.6,
and 2.5 million ac), respectively (figure 3).

in 1980, representing a 23.6-fold increase.
The number of completed reservoirs Table 1
reached 86,822, with a total storage capac- The comparison analysis of crop production with and without irrigation in different
ity of 413 billion m® (90,860 billion gal). districts of China (Wu 2010).
From 1980 to ,19907 th? Chmese'gov— Unirrigated land Irrigated paddy land Irrigated dry land
ernment reduced its financial expenditures - - -
of irrigation development and manage- Production Production Growth Production Growth
ment. During the same period, with the Area (ke ha™) (kgha™) rate(%) (kgha™) rate(%)
fast industrialization and urbanization, Northeast 2,235.00 5,085.00 12752  3,600.00 61.07
more water was consumed by domestic and Northwest 1,117.50 4,695.00 32013 3,052.50 173.15
industrial sectors. The EIA remained stable, Huanghuaihai basin 2,235.00 7,305.00 226.85 6,075.00 171.81
and by 1990, it had decreased slightly to Lower Yangtze region 2,685.00 2,685.00 18659  4,777.50 77.93
47 .4 million ha (1171 million ac). Southeast 3,135.00 7,785.00 148.33 7,050.00 124.88
After 1990, the total EIA increased Southwest 3,075.00 7,005.00 127.80 6,115.50 98.88
slowly because reductions in existing EIA
Table 2
Reasons of reduction of effective irrigated area (EIA) from 2000 to 2008.
Reasons for reduction of EIA (10° ha)
Reduction Aging and damage Abortion Land occupation Long-term insufficiency Converting farmland Others
Year of EIA (10° ha) of structures of wells by construction of water sources to other usage
2000 678.11 71.19 250.46 91.54 — 7.89 257.03
2001 665.58 306.33 10.88 112.93 — 48.00 187.44
2002 901.21 325.95 12.27 197.74 — 141.17 224.09
2003 1,183.39 404.32 19.96 216.77 — 228.24 314.09
2004 808.45 281.74 14.98 206.02 — 100.59 205.13
2005 697.34 237.31 14.91 199.94 - 68.43 176.76
2006 796.86 183.12 — 123.67 100.06 39.69 350.32
2007 608.63 192.26 — 125.89 54.62 51.93 183.93
2008 648.41 239.55 — 97.04 96.52 22.95 192.35
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Figure 2
in (@) 2000 and (b) 2008.
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Figure 3
Water-saving irrigated area from 2000 to 2008.
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Agricultural Water Use Status. Water
use can be divided into the categories
of domestic, industrial, agricultural, and
ecological uses. Irrigated agriculture is
the main source of water withdrawals in
China although the ratio of agricultural
water use to total water consumption
shows a decreasing trend due to rapidly
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increasing nonagricultural demands for
water. In 1949, the proportion of agricul-
tural water use was about 90% of the total.
It decreased to 61.3% by 2010 but remains
larger than the proportion of water used
by nonagricultural departments (figure
4a). The national total water supply capac-
ity is 602.2 billion m” (132,484 billion gal),

accounting for 19.5% of national water
resources (3,090.64 billion m’ [679,940.8
billion gal]) in 2010 (NSBC 2012). At that
time, the amounts of surface water sup-
ply, underground water supply, and other
sources of supply were 488.16,110.73, and
3.31 billion m* (107,395.2, 24,360.6, and
728.2 billion gal), respectively.

Like the EIA, the level of agricultural
water consumption went through three
phases (figure 4b). Between 1949 and 1980,
agricultural water consumption showed
a clear upward trend along with the great
expansion of EIA, increasing by nearly
fourfold from 100.1 billion m’ (22,022 bil-
lion gal) to about 369.9 billion m’ (81,378
billion gal). It did not change significantly
over the subsequent 10 years. Since 1991,
agricultural water consumption shows a
slight downward trend, falling to 368.91
billion m? (81,160.2 billion gal) as of 2010.

In addition to the changing trends in
the total quantity of agricultural water
consumption, the structure of agricultural
water use 1s also shifting. The use of irriga-
tion water for farmland is decreasing while
the use of irrigation water for fisheries,
pasture land, and forestry/fruit production
is increasing. In 1980, the proportions of
irrigation for farmland, forestry/fruit pro-
duction, pasture, and fisheries were 94.4%,
2%, 1.4%, and 2.2% respectively; in 2000
they were 91.6%, 3.2%, 1.7%, and 3.5%
(Wang et al. 2010a).

Water Shortage in China. China’s total
annual available fresh water volume 1is
2,325.85 billion m® (511,687 billion gal)
(NSBC 2012), accounting for about 7% of
the world’s total fresh water resources. The
water resource is large in absolute value,
ranking sixth in the world, but the water
resource per capita is around 1,856 m’
(408,320 gal), only about 25% of the world
average (Yuan et al. 2008), ranking 109th
in the world. Moreover, only 39.3% of the
existing fresh water is accessible. Among
the 31 provinces in China, water resource
per capita in 16 provinces is lower than
the internationally accepted definition of
water scarcity (1,000 m® [220,000 gal]);
the average per capita water supplies in 6
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Figure 4
Changes of (a) total water use and proportion of annual agricultural water use to total
water use and (b) annual water consumption structure in China.
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provinces are lower than 500 m® (110,000
gal) (Zhang et al. 2009).
Distribution

The
resources is spatially and seasonally uneven.

Uneven of  Water

Resources. distribution of water

About 81% of water resources are found
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in the south of China, which accounts
for 36.5% of the total land area. Northern
China accounts for 63.5% of the total land
area and has 40% of the Chinese popu-
lation, but owns only 19% of the total
water in China (Liu 2007). For example,

the Huang-Huai-Hai region is estimated
to have the greatest potential for food
production in China but is limited by its
access to less than 10% of the total national
water resources (Liu 2007). The amount
of water per hectare of cultivated land in
southern China is 28,695 m’ (6.3 mil-
lion gal), compared to only 9,645 m’® (2.1
million gal) in northern China (Zhang et
al. 2009). The average supply of ground-
water is about four times greater in the
south than in the north. In addition, the
distribution of water resources is season-
ally uneven. Precipitation occurs mainly
in spring and summer. In most areas of
China, the accumulated rainfall over those
four consecutive months accounts for over
70% of annual rainfall (figure 5).
Deterioration  of Water  Quality.
According to the results of a 2011 water
quality assessment on sections of river
totaling over 189,000 km (117,444.6 m),
35.8% showed water quality worse than
the class-IIT standard (MWRC 2011). The
most important indicator for identifying
poor water quality levels was nitrogen (N;
in the form of ammonia [NH,]), followed
by organic materials (biochemical oxygen
demand and chemical oxygen demand).The
water quality of large lakes is also declin-
ing due to both point and nonpoint source
emissions. In 2011, a total of 103 large lakes,
totaling 2.7 million ha (6.7 million ac), were
evaluated. The water quality in 41.2% of the
tested water body area fell below the class-I11
standard (MWRC 2011). In the same year, a
total of 471 major reservoirs were evaluated,
and the water quality in 18.9% of the tested
reservoirs was also below the class-III stan-
dard MWRC 2011).
Depletion.
extraction of groundwater aggravates the

Groundwater Excessive
freshwater security problem, which has
already reached very serious levels. For
example, the lower reaches of the Yellow
River in northern China have dried up in
the winter months several times since 1972
(Chen and Tang 2005; Deng et al. 2000).
Moreover, many inland rivers in the Hexi
region, which are used to supply irrigation
water, are also reported to have dried up (Ji
et al. 2006). The groundwater exploitation
rate by the agricultural sector in Ningjin
County in the Shandong Province of
China was reported to be 113% (Zhen and
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Figure 5
Distribution of cropland and total amount of water resources in China. There are six water resource regions in northern China and four
water resource regions in southern China.
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Routray 2002). Agriculture was the major
consumer of groundwater and caused
over 80% of the total groundwater with-
drawal in the Hebei Plain (Xu et al. 2005).
Irrigation based on groundwater has caused
the groundwater level of the North China
Plain in 2001 to decrease by nearly two-
thirds since the 1970s (Zhang et al. 2003).
Low Water Use Efficiency. Although irri-
gation methods are improving, water waste
during agricultural use is still extremely
high and calls for urgent reduction. Flood
irrigation 1s still the predominant irriga-
tion method. Border irrigation and furrow
irrigation are popular irrigation methods
for drought-resistant crops, such as wheat,
maize, and cotton, while check irrigation is
the dominant technique for irrigating rice
in China. More than 80% of the irrigation
facilities in the large to medium scale irriga-
tion district have operated for over 30 years.
Many irrigation systems were not properly
maintained, making them ineflicient and
providing a poor service to farmers. Until

JOURNAL OF SOIL AND WATER CONSERVATION

2009, about 75% of drainage pumping sta-
tions failed to work due to severe aging.
About 50% of small- or medium-sized
canals need to be repaired and upgraded
(Peng and Ai 2012).

Chinese irrigation systems are ineflicient,
though there is variation from province to
province (figure 6). The average water use
efficiency is about 47%, and efficiency is
considerably less in the provinces in southern
China where water resources are relatively
abundant. The water use efficiency of well
irrigation areas is relatively high (about 60%),
while that of the canal irrigation regions is
lower than 40%, compared to 70% to 90%
in most developed countries. Nearly 60%
of agricultural water was wasted during the
delivery process from irrigation water sources
to irrigated fields. In addition, Chinese cur-
rent water use for grain crop production is
1 kg m™ (2.205 b gal™") on average (Wu
2010), which is about 50% of the efficiency
observed in many developed countries.

Impacts of Climate Change. Climate
change has and will continue to have an
impact on agricultural yields in China.
Thermal and moisture conditions are
two key components that aftect crop pro-
duction. Observational evidence shows
climate changes have already occurred in
China. During the past 50 years, the aver-
age surface air temperature across China
increased by 1.2°C (34.2°F) (Piao et al.
2010); most of the temperature increase
took place after 1980 (Ding et al. 2007).
The warming trend was most signifi-
cant in northern China and in winter
season (0.04°C y™' [32.07°F yr']) (Ren
2007; Piao et al. 2010). There have been
no statistically significant shifts in the
across
China since 1960, but variations among

trend of annual precipitation
regions are considerable (Piao et al. 2010).
Precipitation levels have decreased by 12%
in northern China and northeastern China
since 1960 (Piao et al. 2010). In contrast,
southern China experienced more rainfall
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during both summer and winter. Since the
1950s, total precipitation has risen 20 to 60
mm (0.8 to 2.4 in) each decade on average
in southern and southwestern China (Ren
2007). Accordingly, droughts in northern
and northeastern China have become
more severe, and flooding in the middle
and lower reaches of the Yangtze River
and southeastern China have intensified
(PR.C 2007).

The impacts of climate change on crops
are complex due to regional conditions,
crop varieties, climate variability, and other
factors. In northeastern China, increasing
temperatures benefit agricultural produc-
tion, enabling a significant northward
expansion of rice planting in Heilongjiang
Province from 0.22 million ha (0.54 mil-
lion ac) in the early 1980s to 2.25 million
ha (5.56 million ac) in 2007 (Piao et al.
2010). Regional climate warming also
lengthened the growing season of cotton
in northwestern China by nine days over
the period from 1983 to 2004 (Wang et al.
2008). Overall, rain-fed crops are believed
to be much more severely affected by cli-
mate change than irrigated crops (Wang et
al. 2009a). Maize yields and wheat yields
were reported to have decreased while rice
yields increased due to a warming climate.
(Tao et al. 2008;You et al. 2009). Climate
warming will surely continue in the com-
ing years although there are considerable
uncertainties about its pace and magnitude.
The changes in precipitation geographi-
cally and seasonally will have a significant
influence on irrigation requirements and
are projected to make water shortages
and agricultural disasters (drought/flood-
ing) more serious, consequently negatively
affecting crop production (Lin et al. 2006;
Wang et al. 2009a) .

Other Challenges. Some other factors
also have an impact on agricultural irri-
gation in China. First, water consumption
is ever increasing along with population
growth, economic development, and a
rising standard of living. The competi-
tion between the agricultural, industrial,
and ecoenvironmental sectors for limited
water supplies is becoming increasingly
acute, and the proportion of water used for
agriculture is showing a decreasing trend.
Second, the rapid expansion of urban areas
is consuming more and more arable land,

NOV/DEC 2013—VOL. 68, NO. 6

and this land, including areas equipped
with irrigation facilities, is being swal-
lowed up by cities (Larson 2013). In terms
of data from China’s Ministry of Land and
Resources, more than 860,000 ha (2.1 mil-
lion ac) of arable land were transformed
by urban development each year on aver-
age during the period from 1998 to 2006.
Especially in southern China, which has
abundant water and fertile soils, available
cropland has shrunk significantly during
past decades owing to urbanization and
the expansion of large-scale industry (Liu
et al. 2008; Deng et al. 2009; Liu and Tian
2010).Third, China is one of the countries
suffering from the most serious soil and
water loss in the world. More than 66,000
ha (163,086 ac) of arable land is claimed
by soil and water loss every year (Zhen
2004). Soil erosion in the rivers, lakes, and
reservoirs leads to sedimentation, reduc-
ing the storage capacity of water projects
as well as the flood carrying capacity of
natural rivers.

To achieve sustainable economic develop-
ment and satisfy increased requirements
needed to supply food for an expanding

population, the government must develop
appropriate water management strate-
gies to harmonize the water use structure
among different sectors as well as within
the agricultural sector (Wang and Gao
2002; Chen et al. 2005; Fang et al. 2007;
Wei et al. 2008). There is plenty of room
for improvement in water use efficiency
(Wang 2010). Methods for improving
water use efficiency include regulating
transpiration efficiency, enhancing soil
water utilization efficiency, reducing soil
evaporation (Li et al. 2008), optimizing
irrigation scheduling (Wang et al. 2001),
developing water-saving irrigation (Gao et
al. 2002; Li 2006; Zhang et al. 2006), and
investing in water infrastructure, irrigation
systems, and irrigation equipment.

Water distribution is uneven both
temporally and spatially in China. The
Chinese government has set up the South-
to-North Water Diversion Project in an
attempt to transfer the water from wet
southern China to dry northern China.
However, the benefits and disadvantages
of this project are disputed (Wang and Ma
1999; Wang et al. 2009b; Zhang 2009). In
the future, the Chinese government will
keep investing in hydraulic projects, but
more attention should be paid to the com-

Figure 6
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prehensive assessment of the profits and
costs—especially the potential ecologi-
cal costs—of such projects (Yin and Yang
2011). adjusting  planting
and harvest dates based on temporal cli-

Meanwhile,

mate change effects, such as precipitation
seasons, might be a useful adaptation to
variations in temporal water distribution.

Currently, farmers have little incentive
to save water, and not all of them real-
ize that water is a finite resource (Wang
et al. 2006; Bluemling et al. 2010). They
also lack the knowledge to optimize their
irrigation schedule and apply water-saving
measures. Therefore, the Chinese gov-
ernment needs to create organizations to
help farmers develop water-saving tech-
nologies and enhance their consciousness
of water conservation. The water price
reform is helpful for controlling water
consumption, but it must be implemented
in cooperation with other water manage-
ment policies.

In addition, developing drought-
resistant crops, planting new strains of
genetically modified crops and water effi-
cient cultivars (Hu et al. 2006; Zhang et al.
2010), shifting sowing dates, and adjusting
crop distribution and structure would also
help to reduce water consumption and
keep agricultural production high (Li et
al. 2010; Tao and Zhang 2010; Wang et al.
2010b; Wang et al. 2011).

During the past decade, the Chinese gov-
ernment launched a series of programs
to enhance the sustainable use of water
resources and has made great strides in
water-saving strategies. The task of fight-
ing water shortage remains challenging,
however, and will be increasingly difficult
in the future because of increased irriga-
tion requirements due to climate change
and other factors. Various measures must
work together to deal with irrigation
requirement increases. Improving water
resource  management infrastructure;
repairing old irrigation systems; investing
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enhancing agriculture water use effi-
ciency; and planting more water efficient
cultivars can all contribute to sustainable
future management of water resources.
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