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Status of water use in agriculture and strategies
on water-saving irrigation in Southwest China
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Abstract: W ater resources in southw est China are generally abundant, but its tenporal and atial distributions are not

suitable to agricultural production A ndmany irrigation projects there have gonew rong At the samne tme, a lot of water

iswasted during irrigation, s there is usually aw ater shortage w hen the drought comes Thisposes a grave threat to

agricultural production and even to famer’ s daily life The current situation of agricultural w ater resources, utilization of

w ater in agriculture and irrigation system in Southw est Chinaw as analyzed and strategies on w ater saving in agriculture,

such as a combination of w ater-saving and agricultural industrialization, integration of relevant technologies, measures and

policies, enhancement of R and D in water-saving, strengthening the construction of basic w atering facilities and leveling

fields, development and application of gppropriate technologies and establishment of a good system of lawv s and policies

were put forw ard in thispaper.
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0 Introduction

Southw est China,
Guizhou, Chongqging and X izang, covers 2 36 million
Three
Hengduan, Daloushan and D aliangshan
lit this area into a " triple-step": Tibet Plateau,
Y ungui Plateau and Sichuan Basin A griculture is an

including Sichuan, Yunnan,

km? with a population of 194 94 million
mountains,

mportant sector of the economy of the region,
oontributing 16 7%, 21 7%, 22 2%, 25 3% and
27. 0% to GDP in Chongging, Yunnan, Sichuan,
Guizhou and T ibet higher than the
average of China, 15 2% How ever,
hampered by frequent droughts, ill-equipped irrigation

regectively,

(1 it has been

works and ineffective utilization of water resources
A Ithough there are some smilarities between this
region and the others in China regarding the issue of
water use in agriculture, differences still exist In
fact, the region has fallen behind the others, such as
theNorthw est and theNorth, in using and developing
rainw ater harvest and water saving irrigation
technologies Relevant researches are neither profound
nor widepread One reaon for this situation is that
the existing technologies are not suitable to the

natural characteristics and economic state of the
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region Not paying enough attention to the issue of
w ater use in agriculture is another.

1 Water resourceand itsfeatures in Southwe-
st China

11 Water resource
Having abundant rainfall and plenty of rivers,
including the Y angtze River, the Pear River, the Yalu
Tsangpo River, the Nu River, the L anchang River
and the Yuan River, Southwest China possesses
1087. 2 billion m*® of w ater resources, about 39 6% of
the total of China Table 1 show s that the region
acoounts for 32 2%, 40 1% and 36 1% of the total of
China in the average annual precipitation, the anounts
of surface water and ground w ater regpectively. The
anounts of water per capita and per hectare of
cultivated land reach 263% and 208 1% regectively
of the average of China
1 2 Featuresof water resources in Southwest China
In this region, water resource is abundant, but the
volume of water resources varies greatly. Firstly,
rainfall is usually not evenly distributed in ayear A's
shown in table 2, in the three cities of the region,
Chengdu and Guiyang,
Summer and A utumn makes up 67%

the rainfall in
85% of the
There are usually droughts in

Kunmm ing,

total of awhole year.

ring and summer. In Sichuan, acocording to
statistics, therewas a drought every year in varying
degrees from 1951 to 1995 except for 1954 and 1956'*.

In Chongqing, the frequency of drought in Spring is

more than 30% and in Summer as high as 70%
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90%. The Summer drought lasts for 20 30 d often,
and sometimesmore than 50 d'*. W hile, floodsoccur

671 Table 3 shows areas of cultivated

occasionally
land that were covered and affected by floods and
droughts regpectively in 2001 Secondly, precipitation
from vyear to

changes greatly A nnual

precipitation of ssmeyearsis2 5 3 times as high as

year.

that of ssmeother years Thirdly, some districts have
more precipitation than others For exanple, Guiyang
got 1441 2 mm of precipitation while L asa got only

Table 1W ater resources in Southwest China

529 7mm in 2000 Even in the same municipality of
Chonggqing,
Qianjiang and Tongnan are 1445 3mm and 987 5mm

the average of annual precipitations at
regpectively, forming a big gap. In the Sichuan Basin,
annual rainfall often varies along w ith the height It
can be as high as 1700 mm in some mountain regions
but as low as 800mm in some valleys It isclear that
all of these featuresof w ater reurce are not suited to

agricultural production

[2.3]

A verage annual Surface Ground  Total water Population Cultivated land
Region precipitation w ater w ater resource Total W ater per capita Total W ater per ha
/billionm®  /billionm®  /billionm®  /billonm®  ftriion  /m? person ! fnillion hm? /3 hm- 2
N ation 6188 9 2711 52 828 77 2746 03 1295 2120 5 95 67 28702 2
Chongging 117 4 511 10 28 511 30 90 1653 7 2 56 1996Q 9
Sichuan 471 5 262 00 80 16 262 28 83 29 3149 6 81 38514 0
Guizhou 209 4 103 50 25 89 103 50 35 25 2936 373 27748 0
Y unnan 482 4 222 10 73 80 222 10 42 88 5179 4 74 46856 5
T ibet 713 2 448 20 109 43 448 20 2 62 171068 Q 36 1245000
Southw est China 1993 9 1086 9 299 56 1087 18 194 94 5577 18 2 59735 2
S;J“gf""ce;tnzs 322 401 36 1 32 6 15 05 263 0 19 02 208 1

Table 2 Percentages of seasonal precipitation

at three cities in Southwest China

[6]

City Spring Summer Autumn W inter
/% /% /% /%
Kunming 11 60 25 4
Chengdu 16 63 18 4
Guiyang 29 47 20 4

A nother feature of water resource in Southw est
China is that though there are a lot of rivers, the cost

of using thiswater to irrigate fam land is very high,

because the land ismuch higher than the rivers
Table 3 Areascovered and affected by floodsand droughts
in Southwest China in 2001

Flood,/1000 hm?

D rought,/1000 hm?

District

A reas A reas A reas A reas
covered affected covered affected
Chongging 256 121 1400 698
Sichuan 613 327 2980 1490
Guizhou 225 120 698 333
Y unnan 392 231 582 280
T ibet 12 10 23 10

2 Utilization of water

in agriculture and

irrigation systan in Southwest China

2 1 Statusof water use in agriculture
Table 4 show s that in 1999 the agricultural sector
consumed a greater part of water, as compared w ith

the industrial and civil ones W ater used in agriculture

accounted for

64 3% of the total

in the whole

Southwest and 35 6%, 63 7%, 55 1%, 76 6% and
90 9% in Chongging, Sichuan, Guizhou, Yunnan and
T ibet regectively. Only in Chongging, thepercentage
w as low er than 50%. However, a lot of famland is
not irrigated A's shown in Table 5,
irrigated area and the ensured irrigated area are both
snall in this region They made up only 24 41% and

the effective

12 57%, 36 26% and 25 19%, 17 52% and
14 23%, 29 61% and 17 66% and 44 74% and
17. 32% of the total -cultivated land area in
Chongging, Sichuan, Guizhou, Yunnan and T ibet

regpectively, all lowerormuch lower than the average
level of China
2 2 Statusof irrigation works
2 21 W ater storage projects

There are a few
Southwest A coording to reference[ 2], anong 5683
irrigated districts larger than 666 67 hm? in China,
T ibet, Guizhou Chongging, Yunnan and Sichuan got
51, 76, 82, 191 and 254 regectively, anong 141 of
those betw een 20 khm? and 33 33 khm?, only Yunnan
got 6, and anong 101 of those larger than 33 33 khm?
each, 1 and 3
repectively. Table 6 illustrates the numbers and

large irrigation works in the

only Yunnan and Sichuan got

capacity of snall, medium and large reservoirs in the
region How ever, becausemost of the reservoirsw ere
built in the 1950' - 1970
maintenance ever since then,

and have received little
their capacities have
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decreased largely. Furthemore, some of them are in
need of maintenance and repair. For example, in
Chonggqing, 1388 reservoirs, accounting formore than
a half of the total of the municipalitys 2750 reservior
are in need of maintenance and repair, resulting in a
300 million m® decrease in storage capacity and an
effect upon irrigation of more than 66667 hm? of
field"®.

Besides reservoirs, there are lots of snall

Table 4 Amount of water consumed in agr icultural, industrial and civil sectors in Southwest China in 1999

water storages, such asponds, with 100m?® or o of
capacity each Constructed in recent years they are
exploited to harvest rainw ater and irrigate fields and
play an mportant
How ever,
other irrigating equipment and management still prove

role when droughts come
their plan, arrangement, matching with

to be aproblem.

[2,3]

U sed in industrial sector U sed in civil sector

Totalwater Total consumed__ Y sed in agricultural sector
Region resource water Total Proportion Total Proportion Total Proportion
/billionm?® — /billonm® — Ayijjign m? /% /billion m® /% /billion m® /%
Total 1087 18 52 28 33 611 64 3 11 443 21 9 7. 226 13 8
Chongging 511 5 517 1 963 35 6 2 352 42 6 1 202 21 8
Sichuan 262 28 20 638 13 141 63 7 4 868 23 6 2 629 12 7
Guizhou 103 5 8 769 4 833 55 1 2 408 27. 5 1 528 17. 4
Yunnan 222 1 14 787 11 329 76 6 1 749 11 8 1 709 11 6
Tibet 448 2 2 579 2 345 90 9 Q_066 26 Q 168 65
Table 5 Effectiveand ensured irrigated areas in Southwest China in 2000
) Cultivated land Effective irrigated area Ensured irrigated area
Region area /k hm? Total /k hm? Percent as cultivated land /% Total /k hm? Percent as cultivated land /%
N ation 95673 55013 15 57 50 40164 26 41 98
Chongging 2560 624 77 24 41 321 78 12 57
Sichuan 6810 2468 99 36 26 1715 25 25 19
Guizhou 3730 653 37 17 52 530 72 14 23
Y unnan 4740 1403 40 29 61 836 94 17. 66
T ibet 360 161 07 44 74 62 35 17 32
Table 6 Number of reservoirs in Southwest China in 2000
Total L arge reservoir M edium reservoir Snall reservoir
Region num ber capacity num ber capacity num ber capacity num ber capacity
unit million m® unit million m® unit million m® unit million m®
N ation 85120 518357. 64 420 384281 39 2704 74639 04 81996 59437 21
Chongging 2730 3694 60 3 1500 47 33 653 48 2694 154Q 65
Sichuan 6657 8758 04 5 2574 70 95 2456 18 6557 3727 16
Guizhou 1927 7442 33 7 4797 24 50 1283 16 1870 1361 93
Y unnan 5178 8314 98 3 877. 60 145 4245 22 5030 3192 16
T ibet 47 1024 26 2 821 00 2 162 00 43 41 26

Note The cgpacity of the large reservoir isover 100 million cubicmeters, themedium isfrom 10million to 100million cubicmeters, and the snall is

from 100 000 to 10 million cubic meters

2 2 2 W ater pumpsand pumping stations

A s shown in Table 7, the Southwest China has a
large number of pumping stations In addition, there
are a lot of snaller pumps powered by engines or
motors Pumps are very mportant for the agriculture
in this region, egecially in mountainous and hilly
areas and when there is an extraordinarily serious
drought and reservoirs and ponds dry up. In Sichuan,
pumps generally supply 40 billion m?®of w ater annually
for irrigating and ensure irrigation of 1 million hm? of
field, 933 33 khm® of which are paddy field That
acoounts for about 40% of the province total area of
paddy fields, and two-thirds of paddy fields there in

hilly areas are irrigated w ith pumps’®.  In Chongging,

70% of the total effective irrigated areasw erew atered
by pumps in 2002 How ever, being old and lacking in
maintenance most of then consume oil or electricity
much more than the standard and are inefficient and
unsafe A Ithough oonsiderable headway has been
made in renovating pumping stations since 1980°, the
task from being finished
acoording to statistics,

is far For example,
nearly a half of pumping
equipment in Sichuan have been used for more than 15
years and one-third of those haveworked longer than
they should and are now inefficient M otors, pumps
and transformers made in 1950 - 1960' should be
eliminated, but are still used in many key pumping

[9]

stations™ A s many as 74 1 thousand pumping
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equipments in Chongqing are planed to repaired or
renovated in 2004 After 370 thousand pumping
equipment being repaired in the " Ninth Five-year
Plan" in Sichuan, two kinds of pumping stations are
wanted to be renovated in separate batches in the

"Tenth Five-year Plan" in Sichuan One is thosew ith
100 KW of power each, 866 in all, and the other is
those which have 1000 KW of power each and can
cover 666 67 hm?of fields'”.

Table 7 Number of farm ing pumpsand pumping stations in Southwest China in 20001

Electrical motor pow ered D iesel engine pow ered drainage

Possession of irrigation Fam Pump station - 1O _ e PO -
Region and drainage machinery pump drainage and irrigation station and irrigation station
Aw /kilo-unit /unit MW /unit MW /unit MW
N ation 41569 7 1633 65 506067 21798 4 423786 20017 3 82281 1781 1
Chongging 352 7 22 83 7609 301 5 7456 298 4 153 31
Sichuan 1564 0 38 78 29323 1054 8 26992 1028 4 2331 26 4
Guizhou 315 4 911 7969 208 1 6935 189 8 1034 18 3
Yunnan 728 4 8 88 12696 651 8 12155 644 0 514 7.8

2 2 3 Ditchesand pipes

There are various ditches and pipes in irrigating
systems in Southwest China, of which il ditches,
stone ditches and canent ditchesmake up a largepart
Danage, seegpage and illmatching of ditches are found
commonly. For example, in Chongqing, 6200 km of
ditches have not matched with
conservancy facilities and no measures have been
taken to prevent water seeping out of 3800 km of
ditches
vaporization The average water availability of the
canal systen isQ 31, Q 34, 0 35 Q 40 and Q 44 in
Xizang, Yunnan, Guizhou,

regpectively’. A ndmore than 55%
[10, 11]

other water

In addition, a lot of water is lost through

Sichuan and Chongging
69% of w ater is
lost during the trangortation
2 3 Application of irrigation technologies

In recent years, various technologies of water-
saving irrigation have been developed and adopted in
China Table 8
aswciated with some of those technologies of the
Southw est and of China in 2000, and thosew here the
technologies were applied best in China Except
Guizhou, the other partsof the Southw est still mainly
used traditional irrigation methods Compared w ith
the average level of China,

lists the areas and percentages

the region lagged far
behind in applying advanced w ater-saving irrigation
technologies, egecially low-pressure pipe irrigation
and 9prinkler irrigation Only in regpect of canal
seepage oontrol

exceeded the average level of China

Yunnan, Sichuan and Guizhou
It isquite evident
that there existed a big gap betw een Southw est China

and those advanced areas in applying the technologies

Table 8 Areasand percentagesassociated with water-saving irrigation technologies of Southwest China in 2000t°!

V alid T.ra'dltlc_)nal Canal seepage Low pressure _Sp.rlnk.ler M icro-irrigation Other irrigation
irrigation control piping irrigation
Region Irrigation Percentages Percentages Percentages Percentages Percentages Percentages
area Area  of valid Area  of valid Area  of valid Area  of valid Area  of valid Area  of valid
Jchm? /ktm?2 irrigation /ktm? irrigation /ktm?2 irrigation /ktm?2 irrigation /ktm?2 irrigation /ktm?2 irrigation
area area area area area area
N ation 55013 15 38624 29 70 21 6361 33 11 56 3567. 92 6 49 2131 4 3 87 152 58 Q 28 4175 63 7. 59
Chongging 624 77 574 94 92 03 36 42 5 83 6 34 101 13 Q21 a o7 Q 01 57 Q91
Sichuan 2468 99 1780 48 72 11 620 27 25 12 13 02 Q 53 23 21 Q 94 3 63 Q 15 28 38 115
Guizhou 653 37 360 95 55 24 181 63 27. 8 14 83 227 354 Q 54 6 07 Q 93 86 35 13 22
Y unnan 1403 40 1149 24 81 89 1854 1321 17. 73 1 264 103 Q 07 Q 93 Q 066 49 07 35
T ibet 161 07 146 67 91 06 14 16 8 79 — — Q 17 Q11 — e Q 07 Q 04
Highest level . 106 3 37 18 1352 09 42 23 153 40 53 66 30048 1479 18 65 142 . .
of China Shanghai  Shanghai Xinjiang X injiang Shanghai Shanghai  HeilongjiangH eilongjiang Shanxi  Shanxi
2 4 Irrigation schedules There aremainly three problem s in themanagem ent

The shortage of rational irrigation schedules for
different climates, irrigation
technologies, manageament and economic situations is
another big problen which the Southwest met
T raditional irrigation

crops, ils,

schedules, or irrigation
schedules by experience are gpplied commonly in the
region, evenw herew ater-saving equipment is in use

2 5 Managenent of irrigation system

of irrigation systems in the Southwest to be olved
The first one is that the price of water used for
irrigation is not fair. Generally, now the practical
price is equal to only two-thirds of the cost This
placesmanagement in a difficult position and hanpers
the efficient use of water The second one is that
relevant governrment departments,

involved with water

such as those

conservancy, agriculture,
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agricultural machinery and science and technology
have not fully cooperated in greading w ater-saving
technologies, nor have researchers of relevant fields
A s a result, relevant water-saving technologies have
not been wellmatched in the region The last one is
that there is a big gap betw een w hat the governrment
and researchers suggest famers to do in using w ater
and w hat the famers arew illing to adopt

3 M easures to pranote water-saving irrigati-
on in Southwest China

3 1 Canbination of water-saaving and agr iculture
industr ialization'* *

For China joiningW TO and the adjustment of rural
economic structure, water saving technology and
measures should be developed and gpreaded through
the selection and development of superior agricultural
industries By thisway, the technology and measures
can be popularized better and faster.

3 2 Integration of relevant technologies for water-
aving**® ¥

V arious relevant technologies, aswell asmeasures
and policies should be integrated in linew ith the local
conditions to improve w ater conservation There are
many opportunitiesto do this For exanple, by taking
advantage of the region abundant rainfall,
mountainous and hilly topography, various species of
cropsand other plantsand 0 on, each of the follow ing
groups can be well integrated: harvesting rainw ater
and pumping water from rivers and ponds®”; new
w ater

conservancy facilities and old ones non-

pow ered irrigation and powered one w ater-saving
technology and energy-saving technology'®; different
relevant measures,
agriculture and

management and policies

such as those by engineering,
organisn; and technologies,

3 3 Enhancenent of RandD in water-
aving™** *

R&D inw ater-saving must be enhanced particularly
in the following fields water-saving measures by
engineering, agriculture and organisn,
those with high technology,

schedules to different conditions, application of the

epecially
rational irrigation
infformation technology in design and amelioration of
irrigation systans, feasible regulations of building
w ater-saving irrigation facilities and managenent of
irrigation systems
3 4 Strengthening basic construction'® " %
Construction of basic water conservancy facilities,
such as reservoirs, ponds, pumping stations, ditches
and pipes and transformation of and leveling fields

should be strengthened
3 5 Development and application of appropriate
technologies > >

It should be enphasized to develop, popularize and
apply  appropriate
equipment, measures, computer software and s on in
linew ith the local conditions
3 6 Establisment of a good systen of laws and

[30, 31]

water-saving  technologies,

policiesfor water-saving

It is mportant to establish a good and w ell-m atched
systen of lavs and policies in accordance with the
local conditions, because rational prices of irrigated
water can encourage investment and innovation in
water-saving and application of technologies and

m eaures of w ater-saving in the region
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