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China, one of the earliest cultures to control water for agri
cultural use, was a leader in its technological development 
and practical applications in most, except for the current, 
centuries. During the People's Republic period since 1949, 
the renovation and new development of water control facili
ties have been central features of China's successful strategy 
to increase agricultural production. Those concerned with 
statistical system reform in other countries may find of par
ticular interest the frequency of reporting and'the abundance 
of data categories that have evolved over time to address the 
problem of water control quality and the measurement of 
efficiency of water system performance. Yet these data should 
not be used uncritically. Systematic biases and major incon
sistencies in data reliability underlie published series. The 
massive proliferation of published statistical information on 
China since 1980 has made available an almost bewildering 
array of alternative data for understanding spatial and 
intertemporal variations in water control throughout the 
country. Yet the basis and definition of these statistical cat
egories are not always clear, hindering responsible use for 
analytic purposes. Provincial and national data on irrigated 
area and other water control indicators are among the most 
commonly used series in economic analyses of Chinese agri
culture. 

James Nickum began pulling this work together almost 
ten years ago. Dr. Nickum, a leading authority on Chinese 
water control systems, is recognized both within China and 
internationally. There is probably no other researcher who 
could have put together this paper. It is not only the product 
of a decade of direct efforts to collect, systematize, investi
gate, and evaluate a mass of Chinese data. It is also a by
product of two-and-a-half decades of research specialization 
on the task of understanding and analyzing Chinese water 
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systems from a Western economist's viewpoint. The study 
benefits as well from Nickum's extensive contacts through
out China's research and administrative organizations related 
to water, and from his intimate first-hand knowledge of Chi
nese water control systems. 

A working manuscript has been available since the mid-
1980s, providing the basis for detailed insights about the prob
lems, performance, and prognosis of Chinese agriculture 
under economic reform, as they relate to water control. The 
research activities of several staff at the International Food 
Policy Research Institute (IFPRI) and a small group of spe
cialists on Chinese agriculture have benefited from the evolv
ing manuscript. I am delighted that the East-West Center 
has decided to present the work to a broader audience. 

Here, then, is a capital good for the China research com
munity and, for those less familiar with China, a guide to 
understanding China's immense successes and significant 
problems in water control. It is a piece of research, a conve
nient compendium of specialized data linking readily avail
able and relatively obscure sources, and an evaluative guide 
providing substantial material aimed at promoting informed 
and intelligent use of the numbers for analytic purposes. Al 
though it does not refer to macroeconomic modeling efforts 
directly, the paper certainly goes a long way toward explain
ing anomalous results among many published works that 
include water control data in efforts to model Chinese agri
culture of the 1980s. Nickum does not unequivocally favor a 
particular published or adjusted series. Appropriate selection 
of data depends upon the purposes to which they will be ap
plied. Researchers are recommended to read the entire paper 
and make their own judgments. Ample material is provided 
to inform that choice. 

Nevertheless, a few general points can be distilled from 
Nickum's work. The importance of water control mainte
nance and development to the past performance and future 
potential of Chinese agriculture is confirmed. It is also clear 
that conflict has developed between, on the one hand, the 
historic orientation of water control organizations and the 
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types of statistics they gather, and on the other, analytic needs 
associated with China's evolving agricultural economy and 
the public sector's role within it. Although organizations are 
successfully evolving, current technological needs, combined 
with the implications of economic and public sector reforms, 
are generating even greater demands for change. No one sta
tistical category provides a good, all-purpose water control 
indicator, but various statistical information is collected and 
published. Available series provide an imperfect reflection of 
the underlying reality. (Specific interprovincial or inter
temporal comparisons can be quite misleading.) Yet Chinese 
water control data can be used to provide a strikingly de
tailed understanding of the complex and heterogeneous sys
tem defining the world's oldest and largest hydraulic agricul
ture. 

Bruce Stone 
Washington, D.C. 





P R E F A C E 

The present work began a long time ago as a simple water-
skimming exercise. I had collected some irrigated area fig
ures at provincial and occasionally national levels during re
search for my doctoral dissertation on the role of the people's 
commune in mobilizing rural labor to construct public works 
after the Great Leap Forward. At that time—I turned in the 
final draft to my committee just before enplaning for my first 
trip to China in fall 1974—the statistical system of China 
was in shreds and access to China was severely limited. Little 
new light was shed for the remainder of the decade. Hence, 
shortly after I met him during my second trip to China in 
1980, Bruce Stone suggested that I assemble what I had on 
my 3" x 5" cards on China's irrigated area figures, since any 
numbers were better than none, 

A number of problems presented themselves immedi
ately. It turned out that not very many figures were avail
able, especially for the 1960s, and the validity and meaning 
of those I had access to were unclear, to put it mildly. It was 
not even certain who was collecting and reporting the occa
sional gem that typically was dropped into the body of a 
largely unrelated public relations report broadcast by the 
Chinese media. 

Opportunities also arose in the 1980s. The statistical 
system came back to life, first with a trickle and then with a 
torrent of data and specifics on definition and methods of 
collection. I had an opportunity to deepen my contacts in 
China through a longer-term stay at the Institute of Geogra
phy of the Chinese Academy of Sciences in 1984, and subse
quently as country officer for Winrock International, based 
at the Chinese Academy of Agricultural Sciences in Beijing, 
in 1986-88.1 did a lot of shopping then at the book outlets of 
the State Statistical Bureau, the Ministry of Water Resources, 
and the Ministry of Agriculture and Forestry. 
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It therefore became possible to assemble a more com
plete set of irrigated area figures, even on occasion for the 
Cultural Revolutionary hiatuses of the 1960s. The numer
ous tables in this volume, a bane to a long string of editors, 
probably provide in one place the most complete series any
where of national and provincial-level figures on irrigated 
area in China, including both major reporting systems. This 
allows a detailed view of intertemporal trends, both nation
ally and by region and province. In the past, quantitative 
models of China's agricultural development have commonly 
omitted water, despite the position of irrigation as a primary 
focus, almost an obsession, of rural development policy. Now 
that we have numbers, it should be possible to calculate more 
sophisticated estimates of the impact of irrigation. 

As an economist who is more inclined to institutional 
analysis than number crunching, however, I found the most 
interesting aspect of doing this work was what it shows about 
the bureaucratic construction of knowledge. Irrigated area 
figures are important implements of the policy debates and 
budget battles in Beijing and, presumably, within the prov
inces. Indeed they are even now used by many as a sphygmo
manometer for the health of the agricultural sector. In this 
role, they are biased measures of questionable meaning. The 
problem is that there are no good alternatives. 

The incentives of those reporting irrigated area figures 
for the two reporting systems are in opposition—villages in
clined to report lower numbers to reduce their exposure to 
the tax authorities, water deliverers inclined to report higher 
numbers. The irony is that, because of the nature of irriga
tion and the way it is measured, each system can report dif
ferent figures for a given state of reality without deliberately 
prevaricating. 

An even more fundamental epistemological problem is 
that the categories used, especially "effectively irrigated area," 
are poor and sometimes misleading measures of what really 
counts, the most economically efficient (and/or equitable) 
application of water to crop root zones. Yet the same catego
ries are clearly the most economically efficient ones to col-
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lect and use. In this sense, the present study illustrates in 
one sector of one country the much larger issue of the prob
lematical role and value of much key information in policy 
making. This problem transcends irrigation and goes well 
beyond the great borders of China, however those are mea
sured. 

James E. Nickum 
Program on Environment 
East-West Center 
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I N T R O D U C T I O N Irrigation and the numbers that measure it are considerably 
important to agriculture and food policy in the People's Re
public of China. China has one of the world's largest irriga
ted areas—44 million hectares by one 1989 count, 48 million 
by another.1 Although this is slightly less than one-half of 
China's arable land, it produces two-thirds of the country's 
grain and most of its cash crops, notably cotton (MWREP 
1987, 25). Grains (including soybeans, broad beans, mung 
beans, peas, potatoes, and sweet potatoes) occupy three-quar
ters of China's sown area (ZGNCTJ87, 44).2 Grain cultiva
tion on irrigated land, with high yields per planting and high 
cropping intensities, provides annual yield levels at least 
double those on dry land. 

Both the state and the nonstate ("mass") sectors have 
invested heavily in irrigation since 1949. Annual labor mobili
zation campaigns, sometimes involving more than 100 mil
lion rural laborers, have focused on irrigation and drainage 
works and the attendant land reshaping. State outlays on 
agriculture have been dominated by water control. Pumps 
provide China's rural areas with more than twice the horse
power of its tractors. 

The net irrigated area increased fairly consistently dur
ing the first thirty years of the People's Republic of China, 
with major increases coming in the mid-1950s and during 
the 1965-73 period (see Appendix 3, Table A.I). The stagna
tion and, by some measures, slight decline in reported irri
gated area in the early 1980s were of great concern to many 
Chinese policy makers. More recent years have seen a re
sumption of moderate growth in irrigated area figures. 

This report discusses China's irrigated area statistics: 
who collects them and how; and what they say, seem to say, 
and do not say. Following an introduction to the reporting 
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agencies and the categories they use, it examines a number 
of possible reporting biases and the relationship between dif
ferent measures and the phenomena they assay. It then uses 
reported data, mostly from national and provincial yearbooks, 
to survey the course of irrigation development in China, con
centrating on the provincial level. The latter part of the sec
tion on "Trends Shown by Published Data" focuses on trends 
after 1980, to examine the extent and nature of the reported 
decline in irrigated area. 

The title of this monograph draws upon the adage that 
there are three kinds of lies: lies, damn lies, and statistics. 
Statistics may mislead because problems of measurement or 
reporting prevent them from accurately reflecting the phe
nomenon they purport to represent. These matters are of 
greatest concern here. Statistics may also be used selectively 
to support an argument or bolster a position rather than to 
illuminate actual conditions. Some examples are mentioned 
in the text, notably the distortions of the Great Leap For
ward and the recent claims of a dramatic decline in irriga
tion area. In raising these problems from the title of this work 
to its conclusion, my main purpose is to caution those who 
would take irrigation statistics anywhere at face value. I do 
not mean to imply thereby that China's irrigation statistics 
are extraordinarily distorted. In fact, by world standards, they 
appear to be reasonably accurate. 

In order to minimize the distortions of conversion and 
rounding errors, figures are reported in mu, the Chinese unit 
of land measurement and reporting for most of the period 
covered. The mu has been standardized at precisely one-fif
teenth of a hectare; this is equal to 0.1647 acre (1 acre =» 6.07 
mu). For convenience, a conversion table between Chinese 
and international units is provided. 
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Area Depth 

(mu) (hectares) |m3/mu) (millimeters) 

10 
20 
30 
40 
50 
60 
70 
80 
90 

2/3 
1 1/3 
2 

100 
200 
300 
400 
500 
600 
700 
800 
900 

150 
300 
450 
600 
750 
900 

1,050 
1,200 
1,350 

2 2/3 
3 1/3 
4 
4 2/3 
5 1/3 
6 

The basic unit of study is generally the province or group 
of provinces with similar natural conditions. Following the 
Chinese convention, the three centrally administered munici
palities (Shanghai, Beijing, and Tianjin) and the five autono
mous regions (Neimenggu (Inner Mongolia), Guangxi, Xizang 
[Tibet), Ningxia, and Xinjiang) are treated as provinces. In 
most of the tables, the provinces are listed in the order given 
in Chinese statistical tables (i.e., more or less by geographi
cal region rather than alphabetically). Hainan, the most 
recently established province (in April 1988), is included with 
Guangdong. For analytical purposes, provinces are sometimes 
grouped into (1) predominantly bunded fields { s h u i t i a n ) vs. 
predominantly irrigated dryland; (2) irrigation zones; or-(3) 
regional groupings. These divisions are detailed in Appendix 
1. Appendix 2 explores the effect of the 1969 and 1979 bound
ary shifts between Neimenggu and its neighbors. Appendix 
3 contains tables too large to include in the text, where they 
are referred to as "Table A.X." 

The term "bunded field" is used here to translate the 
Chinese term s h u i t i a n , which is defined as "cultivated land 
surrounded by a raised embankment which can store water, 
most commonly to grow rice" (XHC 1987, 1068). The more 
commonly used English-language translations, "paddy" or 
"rice paddy," are ambiguous, as they may refer to the rice 
itself as well as to the field in which it grows. "Rice field" is 
too restrictive, as s h u i t i a n do not necessarily grow rice. 
"Wetfield" has also not been adopted, to avoid confusion with 
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wetlands, and because the basic defining characteristic of 
s h u i t i a n is its raised embankment, or bund, not its conse
quent ability to hold water. 

R E P O R T I N G There are two national reporting systems for irrigated area— 
A G E N C I E S those of the State Statistical Bureau (SSB) and the Ministry 

of Water Resources (MWR).3 

S T A T E S T A T I S T I C A L B U R E A U S Y S T E M 

The SSB system, which has the highest official standing for 
its data, involves two line ministries as well as the bureau 
itself. SSB data rely on the self-reporting of basic production 
units collected by the bureau and by the Ministry of Agricul
ture (MOA).4 The Agricultural Mechanization Management 
Bureau of the Ministry of Agricultural Machinery also ap
pears to provide the SSB with data on pumps and pump irri
gation. Since 1981, the SSB data have been published annu
ally in the S t a t i s t i c a l Yearbook of C h i n a and the C h i n a A g r i 
c u l t u r a l Y e a r b o o k . Specific categories have varied from year 
to year. With few exceptions, provincial yearbooks published 
during the 1980s used SSB data. A detailed history of China's 
national statistical system (now SSB) also became available 
in the late 1980s (Wang 1986). According to Wang, the agricul
tural and forestry departments of the state statistical system 
compiled data for thirteen annual tables on agricultural pro
duction as early as 1952. Two of them were related to irriga
tion. The table entitled "Increases and reduction in culti
vated area" included cultivated area at both the beginning 
and the end of the year, divided into bunded field, irrigated 
dryland, and dryland. The table entitled "Augmentation of 
irrigated area" had indices for initial status and additions 
during the year for the number of water control facilities and 
the irrigated area, divided into bunded field and irrigated dry
land. The latter was subdivided by source: canals (improved 
existing, newly built), reservoirs, ponds, wells, waterwheels, 
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and pumps. No provision was made for reporting declines in 
the irrigated area (Wang 1986, 365). 

Although the statistical system subsequently grew and 
improved during the mid-1950s, agricultural reporting was 
simplified. The number of tables was reduced to seven by 
1957. Cultivated area was divided into bunded field and dry
land, but irrigated dryland was not reported, nor does irri
gated area appear to have otherwise been reported through 
the state statistical system at this time (Wang 1986, 372). 

The Great Leap Forward of 1958-60 witnessed a rever
sal of the paradox. The quality of reporting suffered greatly, 
but the number of tables increased (the text does not provide 
a specific number), as did, presumably, the number of cat
egories. By i960, irrigated dryland was again included as a 
subcategory of cultivated area and a category for "farm water 
and erosion control" was included, containing "indices for 
the degree of farm water control, and so forth" (Wang 1986, 

377). 
In July i960, the SSB adopted the zhufu (primary-sec

ondary) policy of emphasizing survey data over tabular re
ports (Wang 1986, 172). This was followed in August by the 
closing of the Statistics Press as part of a virtual blackout of 
open reporting of statistics, which lasted for nearly two de
cades (Wang 1986, 353(.s 

Despite the zhufu policy, the desire by higher govern
ment agencies to improve their planning during the recovery 
period of the early 1960s led to greater demands on the regu
larized reporting system, notably on the local (provincial and 
below] statistical departments, which were usually under
staffed and "incomplete" [bu j i a n q u a n ) . Local statistical bu
reau heads complained that the SSB was not actually carry
ing out the zhufu policy (Wang 1986, 172). In reaction, the 
SSB consolidated the agricultural data requirements of dif
ferent government statistical departments and professional 
ministries into unified report forms, beginning in 1962, with 
the stipulation that no additions could be made without per
mission. The results were spotty. Local statistical organiza-
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tions still felt subject to redundant and unreasonable de
mands, and forms were added, even by the SSB (Wang 1986, 
381). 

In 1964, the political climate shifted toward populism 
with publication of the "Little Red Book," known more for
mally as Q u o t a t i o n s f r o m t h e W o r k s of C h a i r m a n M a o 
Z e d o n g . Critics of the SSB were emboldened (Wang 1986, 
172). At the National Statistical Work Conference in August 
1964, even establishmentarian leaders such as Liu Shaoqi and 
Zhou Enlai criticized agricultural reports as "too many, too 
chaotic" [duo l u a n ) and directed that the reporting system 
be simplified (Wang 1986, 176). 

In 1965, the number of annual reports in agriculture 
was cut nearly in half, to seven, often by consolidation. The 
table on "cultivated area" continued to cover bunded field, 
dryland, and irrigated dryland categories, but other irrigation-
related reports were dropped from the list (Wang 1986, 381-
82). 

The issue of the form and role of statistical informa
tion-gathering did not go away, however. In June 1965, the 
SSB called a number of meetings to discuss statistical policy 
and finally drafted a compromise report. Nonetheless, con
tinuing differences led the leaders to order a "rectification" 
of the SSB (Wang 1986, 176). Except for Beijing, all provincial 
statistical bureaus were merged into "professional groups" 
(yewu dazu) under the provincial "revolutionary commit
tees"; most of these groups were placed under the provincial 
planning authorities. 

With the outbreak of the Cultural Revolution in 1966, 
the SSB was "simplified" out of existence and replaced by a 
"statistical group" under the State Planning Commission. In 
spring 1967 the Farm Output Survey Team [ N o n g c h a n l i a n g 
D i a o c h a Z o n g d u i ) and its branches at the province level were 
abolished as "independent kingdoms." The provincial au
thorities assumed responsibility for reassigning local person
nel. Apparently the zhufu controversy was solved by doing 
away with both surveys and tables. The criticism leveled at 
the survey teams indicates that they were regarded as the 



Reporting Agencies 7 

greater of the two evils by local leaders concerned about los
ing part of their control over the flow of information. 

For the next three years, national statistical work came 
to a standstill, except for three reporting systems: (1) banks, 
public finance, and tax systems; (2) rail, communications, 
and post; and (3) commerce, grain, and foreign trade. Many 
regions used their own forms to collect information on items 
such as agricultural and industrial output (Wang 1986, 184). 
These do not appear to have included irrigation-related data. 

Problems for statisticians were far from over. Begin
ning about 1969, most of the 20,000 statistical professionals 
in the former SSB system were sent to "May 7 cadre schools" 
or directly to the villages for "labor reform" and "reeduca
tion." The number of active statistical personnel fell drasti
cally, reaching a nadir in 1969-70. There was some recovery 
after the 1971 National Statistical Conference, but the en
tire system's professional staff at the county level and above 
numbered only 7,800 as late as 1976, which was 37 percent 
of the 1965 level. Staffing at the provincial level was at only 
26 percent of the 1965 figure (Wang 1986, 182). 

Archives suffered as well. In response to "Order Num
ber 1" of 1969, issued by the central authorities, some statis
tical materials were burned or otherwise destroyed. Particu
larly damaging was the loss of detailed local data and some 
documents on statistical history. The same year witnessed 
the closing of many financial schools and other educational 
institutions, during which many library materials, docu
ments, and scientific reports were irretrievably lost (Wang 
1986, 183). 

Although the SSB did not recover its status as an 
independent entity until February 1978 (Wang 1986, 196}, its 
replacement body under the State Planning Commission col
lected and arranged the 1967-69 data (from May 1970 to De
cember 1971) and reinstituted standardized annual reports, 
beginning in 1971. For the first year there were twenty-two 
tables, eight of them related to agriculture. This total in
creased to sixty-seven in 1975 and 160 in 1982. In both years, 
fourteen tables dealt with agriculture. In addition, the SSB 
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collected data for 1982 "agricultural production conditions" 
in each county, which apparently were not published. 

Irrigation-related categories have been included in the 
tables on "Conditions of agricultural modernization" (effec
tively irrigated area, diesel irrigated area, and electrically ir
rigated area) and "Number of principal agricultural machines 
at year end" [types and numbers of irrigation and drainage 
machinery] (Wang 1986, 393, 403). These tables have been 
published every year since 1980 in the S t a t i s t i c a l Yearbook 
of C h i n a and the C h i n a A g r i c u l t u r a l Y e a r b o o k . Data are pro
vided by province on C o n d i t i o n s of A g r i c u l t u r a l M o d e r n i z a 
t i o n , while those for irrigation and drainage machinery are 
national aggregates only. 

According to Tuan and Crook (1983, 75, 78), of the 500 
categories collected in a number of reports by the SSB and 
the Ministry of Agriculture in the early 1980s, about eleven 
were directly related to irrigation. 

From the report entitled C u l t i v a t e d A r e a (p. 75), the 
following categories appeared: 

IV. Actual amount of cultivated land at year end 
A. Bunded fields 
B. Dry fields 

of which: Irrigated fields 

From the report entitled C o n d i t i o n s of A g r i c u l t u r a l 
M o d e r n i z a t i o n (p. 78), several more categories were requested: 

V. On-farm irrigation 
A. Effectively irrigated area 

of which: Mechanized [diesel] irrigation (including 
water lifted by turbines) 

Area watered by electric pumps 
Area watered by sprinklers 

B. High and stable-yield fields. 
C. Electric pump wells 

of which: Fully equipped6 

Tuan and Crook (1983, vui] also note: 
In 1 9 8 0 , the (agricultural statistical] system at the national 
level had only half the staff as in 1 9 5 6 . Many counties and 
most communes did not have full-time statistical workers 
by 1 9 8 0 . 
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China relies on a census-type reporting system to collect 
agricultural data. Each of China's more than 5 million basic 
production units report each year on about 500 different cat
egories of data in 13 quarterly and annual statistical report
ing forms. One of the main deficiencies in China's statisti
cal system is the lack of modern electronic data processing 
equipment to handle the huge volume of data. 

According to Travers (1982, 480), the SSB had a nation
wide staff of only 16,000 in the early 1980s. This low density 
of staffing, averaging less than 8 persons per county, raises 
the question of the adequacy of auditing and verification in 
the SSB reporting system.7 The relatively short reporting in
terval of one year and the existence of alternative data series 
for irrigation, especially that of the Ministry of Water Re
sources (MWR), should operate to mitigate problems caused 
by low staffing ratios, however.8 

MINISTRY O F WATER R E S O U R C E S S Y S T E M 

The other national agency currently issuing irrigation-related 
data is the Planning Bureau of the MWR. MWR data are based 
on reports from project management bodies and, presuma
bly, other basic-level line agencies within the water resources 
system. The state water resources bureaucracy usually ex
tends down to the county [xian) water control bureau 
{shuiliju). Below this, "mass" organization commonly extends 
to the township level, which may have a "water manage
ment station." 

We do not have a history of the MWR statistical sys
tem comparable to that of the SSB and its predecessors. The 
Ministry was not disbanded during the Cultural Revolution, 
a period of considerable activity in hydraulic construction. 
Although it is probable that the internal statistical reporting 
system of the MWR did not function very well in the late 
1960s, province-level reporting appears to have been fully 
reestablished by 1972. A joint audit of the 1976 figures for 
irrigated area carried out by the State Planning Commission, 
the (then) Ministry of Agriculture and Forestry and the (then) 
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Ministry of Water Conservancy, yielded an adjusted national 
total of 681.95 million mu, almost 8 percent below the 740.07 
million mu reported by the MWR system (Table A.I) . The 
audited figure appears to have become the base for subse
quent SSB reports (Table A. 1). MWR reports were only slightly 
chastened: 1977 national totals from the SSB and MWR sys
tems were 675.32 and 722.80 million mu, respectively, a dif
ference of 6.4 percent. In most instances, therefore, the post-
1976 MWR figures are consistent with those from 1972 to 
1976 (Table A.2). 9 

Audit results of the 1976 figures were released, together 
with provincial figures for 1949, 1952, 1957, 1962, 1965, and 
1972 through 1979, by the State Planning Commission of 
the MWR (Table A.2). Since this is the most complete and 
consistent series for selected years after 1949, it has been 
used here as the basis for drafting the trend graphs of indi
vidual provinces (see pp. 54-66). These figures, which are 
compared with those of SSB and contemporary sources, are 
discussed in the next section. 

Reports for each year from 1983 to 1989 have appeared 
at irregular intervals in C h i n a Water Conservancy (ZGSL), 
the monthly journal of the MWR. The number of categories 
reported is quite extensive, including not only effectively ir
rigated area, actually irrigated area, and the area of stable, 
high-yield fields,10 but also categories such as irrigated 
pastureland, area irrigated by pump, area affected by disas
ters, and the number of different types of irrigation installa
tions (Table A.2). For 1987, the number of categories reported 
in the journal decreased to eight, but was broken down by 
province." Most of the omitted categories were reported in 
the S t a t i s t i c a l Yearbook, however (ZGTJNJ88, 235). 

In 1991, the MWR began to publish an annual C h i n a 
Water Resources Yearbook (ZGSLNJ90) that provides far more 
comprehensive and detailed coverage of irrigation-related 
categories than before. These yearbooks also fill gaps in the 
historical record and provide revisions of other series.12 

Among the newly available data series are more detailed 
breakdowns of improvements in flood-prone land and of re-
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duction in, as well as additions to, improved saline soil. From 
a hydrological management viewpoint, a particularly valu
able section includes data series in several standard catego
ries broken down by the eight major river basins (Huang He, 
Huai He, Hai He, Luan He, Chang Jiang, Zhu Jiang, Songhua 
Jiang, and Liao He). 

C O M P A R I S O N O F SSB A N D MWR SERIES 

Tables A.3 through A.8 compare the national and provincial 
figures for irrigated area reported by the SSB and the MWR 
for 1983, 1985, 1987, 1988, 1989, and 1990. National MWR 
figures for all six years were about 8 percent higher than those 
of the SSB, comparable to the 8.5 percent disparity in 1976. 
With only minor exceptions (e.g., Shanghai in 1985; and 
Beijing, Tianjin, and Zhejiang in 1987), all the individual 
MWR figures are larger than or equal to those of the SSB. 

It is a matter of argument which series better reflects 
the underlying reality, in part because that reality is itself a 
matter of argument. The imprecision of establishing just what 
constitutes an irrigated mu 1 3 opens the possibility of report
ing bias. The MWR data base is provided by the irrigation 
bureaucracy, which might be expected to overestimate the 
command area of the projects under its aegis, as a matter of 
prestige and budgetary gamesmanship. On the other hand, 
SSB data are based on reports from producing units, which 
might be expected, where they can, to understate their pro
duction potential to hold down state procurement and tax 
quotas. Since the reporting biases are in opposite directions, 
we may roughly accept the MWR and SSB figures for effec
tively irrigated area (EIA)14 as the upper and lower bounds for 
the category, respectively. 

Although the national aggregates reported by the two 
systems are quite close considering these countervailing bi
ases, there is considerable variation among provinces. The 
two systems reported the same number in Jilin, Jiangxi, 
Shandong, Sichuan, Yunnan, and Xizang in all five years dur
ing the 1980s. (The 1990 figures from the two systems were 
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slightly different for Jilin and Xizang.) Others, especially 
Zhejiang and Shanghai, have been identical in most years. 

Apparently during the 1980s, reports covering roughly 
one-third of China's EIA were either unified at the provincial 
level before being passed to the central agencies, or both sys
tems relied on the same data sources (Table A.9). This unifi
cation provides another complication in using China's EIA, 
as there is no clear evidence that one series or the other pre
dominates; hence, both are distorted by the process. 

Table A.9 reconstitutes an approximation of pre-
unification national totals for the SSB and MWR systems for 
the six years of comparison. The method employed used the 
figures reported by the MWR for actually irrigated area (ALA) 
(see p. 34) as a baseline for both the SSB and MWR EIA fig
ures. Since AIA is reported only by the MWR, and frequently 
exceeds SSB EIA in ununified provinces, it may be assumed 
free of unification bias. The ratio of the ALA to EIA for the 
ununified provinces in each of the two series was then ap
plied to aggregate AIA to generate estimates for the 
preunification EIA totals (this is shown mathematically in 
the notes to Table A.9). 

The greater year-to-year variation, especially for the 
MWR, in reconstituted EIA compared to reported figures, is 
probably due to factors such as changes in the set of prov
inces unified and year-to-year differences in climate, which 
might affect AIA more than EIA. Nonetheless, this method 
indicates that during the 1980s, the MWR EIA was under
stated by an average of 13 million mu while the SSB EIA 
was overstated by about 16 million mu. Hence, unification 
distorted both series. In 1990, MWR figures dominated the 
newly unified reports, while the unrepresentativeness of the 
ALA/EIA ratios in the remaining ununified provinces led to 
the improbable result that the reported EIAs of both series 
were overstated. 

As expected, the reconstituted MWR EIA total is con
sistently higher than reported, while that for the SSB is con
sistently less. This particular reconstruction gives no indica-
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tion that one system dominated the other in unification dur
ing the 1980s. In 1985 and 1988, SSB figures were adjusted 
significantly more than those of MWR, but the opposite was 
the case in 1989; in 1983 and 1987 there was nearly propor
tional adjustment. 

In the audit reports of 1976 (Table A.2), no adjustment 
was made to figures from Shanghai, Zhejiang, Jiangxi, 
Shandong, Guangdong, or Shaanxi. In Jilin, Yunnan, and 
Xizang, however, the adjustments were substantial (31 per
cent, 17 percent, and 21 percent, respectively), indicating that 
the consistency of reporting noted above in those areas in 
1983, 1985, and 1987-90 is the outcome of a more recent 
reporting process. There seems to be no particular geographi
cal relationship among the provinces for which MWR and 
SSB data are similar or are sharply divergent. 

In Beijing, Tianjin, Hebei, and Xinjiang, the reported 
figures for 1976, 1983, 1985, 1987, 1988, 1989, and 1990 are 
very close, usually within a single percent (Xinjiang's data 
may actually have been unified in 1990). These are all prov
inces where dryland irrigation is very important. The near
ness of the reports could indicate that the irrigated area is 
closely monitored, and that there is some coordination be
tween the agricultural and irrigation departments there. 

In some places, however, notably the northeast region 
(Heilongjiang, Liaoning, and Neimenggu) and Guangdong, the 
figures issued by the two systems in the four years were sig
nificantly different. The low percentage of arable land under 
irrigation may account for the variation in the northeast (see 
pp. 54-59). Guangdong's record is harder to explain.15 

These outlier reports have not shown a clear tendency 
to converge, indicating consistency of the bases used within 
each system but no consensus between them. There was a 
small convergence between the two systems from 1983 to 
1987 in the northeast, but a divergence in Guangdong. In 
other areas, EIA in Jiangsu increased between 1985 and 1987 
according to MWR figures, but declined according to those 
of SSB, widening the disparity. The opposite is true of Henan 
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from 1983 to 1987: MWR's statistics went down over the 
period, while those of SSB went up, slightly closing the gap. 

There was a clear convergence in Guizhou Province, 
where a 24 percent gap in 1983 fell to 12 percent in 1985 and 
was closed completely by 1987, indicating a conscious effort 
at unifying the series. In the process, the MWR figure was 
adjusted downward by 830,000 mu, while that of the SSB 
increased by 1.28 million mu. In general, SSB data on EIA 
have a higher variability than those of the MWR, reflecting 
differences in the reporting systems. 

In 1990 there was a further round of series unification 
at the province level. A comparison of Tables A.7 and A.8 
indicates that the MWR figure was adopted in almost all cases. 
Liaoning, Jiangsu, and Anhui all exhibit major increases in 
the SSB figures while there is little change in the MWR fig
ures. The 1990 report for Henan is closer to the 1989 SSB 
figure, but this could reflect an overall reassessment of that 
province's EIA. Its AIA/EIA ratio has been consistently at or 
near the bottom, even following readjustment in 1990. This 
indicates that a Lot of actually unirrigated land is carried on 
the books in Henan. Corroboration for this is provided on 
PP- 67-75, "The 1980s Decline and Recovery of Irrigated 
Area." Of the nation's 19 million mu gross decline in (MWR) 
EIA in 1990, Henan accounted for 38 percent (7 million mu). 
One-half of this was attributed to damaged or abandoned 
projects, including pump wells. 

In Hubei, which was both second only to Henan in re
ported decline in MWR irrigated area, both series adjusted 
toward the middle; the gap was not completely closed. In 
Guangdong/Hainan, with the third largest disparity in abso
lute terms, the gap between the two series narrowed slightly 
through an upward adjustment in the SSB series, while the 
MWR figure remained the same. 

As a result of all these adjustments, China's reported 
irrigated area, according to the SSB, jumped by 3.7 million 
mu, over 5 percent, in the single year of 1990. Yet by MWR 
reckoning, irrigated area remained roughly constant. In this 
case, the MWR report is more credible. 
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A continuing divergence between the two systems ap
pears in a number of provinces in reporting the number of 
pump wells (Table 1). Pump wells, sometimes translated as 
"tubewells" and termed j i d i a n j i n g (mechanized and electri
fied wells) or simply jijing (mechanized wells) in Chinese, 
are defined as follows (Yan 1985, 78): 

Table 1 Provinces ranked by tubewells, 1987 

Number of pump wells (thousand) 

Province 
Total 

tubewells Outfitted Completed 

Hebei 663 608 600 
Henan 655 558 449 
Shandong 549 549 532 
Shaanxi 129 120 109 
Anhui 107 34 28 
Shanxi 73 75 64 
Liaoning 72 80 70 
Neimenggu 71 102 80 
Heilongjiang 55 62 55 
Beijing 43 42 41 
Jilin 42 42 39 
Jiangsu 36 37 33 
Gansu 34 30 25 
Tianjin 25 28 25 
Xinjiang 19 22 20 
Fujian 15 8 6 
Sichuan 11 11 11 
Ningxia 7 7 7 
Guangdong 5 4 4 
Hubei 4 5 5 
Yunnan 3 2 2 
Zhejiang 2 2 2 
Qinghai 1 1 1 
Jiangxi 1 1 1 
Guangxi 1 1 1 
Hunan 0 0 0 
Xizang 0 0 0 
Guizhou 0 0 0 
Shanghai 0 0 0 

Total 2,623 2,430 2,207 

Sources: Tubewell data from ZGTJNJ88,134. Outfitted and completed wells data 
fromZGNYNJSS, 369. 
Note: Totals as given in source, subject to slight rounding error. 
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Water wells which are outfitted with a diesel engine, elec
tric motor or other motive equipment which drives a water 
pump to irrigate farmland. (The category) includes wells 
which have already been outfitted \peitao] and those which 
are awaiting equipment to be outfitted. 
Outfitted mechanized and electrified wells are those which 
have installed mechanical or electric water lifting equipment 
(including [power] lines) enabling them to carry out irriga
tion in the current year. In the case where one set of equip
ment serves several wells but is able to provide timely irri
gation . . . (the wells) should be viewed as "outfitted mecha
nized and electrified wells." 

The S t a t i s t i c a l Yearbook reports figures for the total 
number of pump wells, whereas the A g r i c u l t u r a l Yearbook 
provides data for the number of pump wells that have been 
"outfitted" and "completed."16 The source for the S t a t i s t i c a l 
Yearbook appears to be the SSB system. The A g r i c u l t u r a l 
Yearbook cites MWR as its source. 

The difference in sources leads to some incongruities 
between the series, especially at the provincial level. In par
ticular, while the national total of outfitted pump wells was 
reported for 1987 as being 193,000 less than that of all pump 
wells, as one would expect, seven provinces reported more 
outfitted than the total. Most striking was Neimenggu, which 
reported a total of only 71,000 pump wells (ZGTJNJ88, 234), 
but 102,000 outfitted pump wells, of which 80,000 were com
plete (ZGNYNJ88, 369)-

These anomalies have remained consistent between 
years, indicating differences in reporting systems rather than 
reporting or recording errors. In some cases, the differences 
have widened. For example, in Neimenggu, total pump wells 
were reported as having fallen by 3,000 between 1986 and 
1988, while the number outfitted increased by 3,000. 

CHINESE A C A D E M Y O F SCIENCES 

Other series have existed, especially before 1980. Two orga
nizational units of the Chinese Academy of Sciences (CAS) 
provided figures for 1978. The more comprehensive of these 

file:///peitao
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was published by the CAS Institute of Geography, which pro
vided provincial figures for the 1978 cultivated area (as a per
centage of the national total of 1.49 billion mu), bunded field/ 
dryland shares, and the percentage of dryland irrigated 
(ZGNYDL 1980, 77-79). Using the Chinese convention of 
counting virtually all bunded land as irrigated,17 these series 
allow the derivation of irrigated area figures for 1978 
(Table A. 10). The Committee for the Comprehensive Survey 
of Natural Resources provided 1978 irrigated area figures for 
Hebei, Henan, Beijing, and Tianjin that differed from those 
offered by the Institute of Geography (Zhang 1981, 14). The 
former claimed irrigated areas of 49.57, 46.00, 5.12, and 5.79 
million mu, respectively; the latter, 54.8, 56.0, 5.1, and 5.4 
million mu. The Institute of Geography figures are closer to 
the SSB numbers for 1980 and 1981 (Table A.II). 

O T H E R D A T A S O U R C E S 

The history of the reporting system is reflected in the avail
ability of data from contemporary sources, presented in 
Table A . I I . Figures for the early 1930s, probably 1931, are 
included to provide a rough baseline for considering both the 
status of irrigation in 1949 and whether subsequent develop
ments in the early 1950s were entirely new or restorative, as 
in much of the rest of the economy. These earlier data are 
from Cressey (1934, 97), who cites Chang {1932). Without 
access to the latter, the exact source or basis of the 1931 num
bers could not be determined. 

The total for the provinces covered by Cressey and 
Chang is 272.5 million mu, higher than the 240 million mu 
given by the State Statistical Bureau for 1949 (Table A. 1) even 
without compensating for the exclusion of Zhejiang, Guangxi, 
Qinghai, and Xinjiang from the 1931 figures. Using the 1949 
figures for the latter four provincial-level units to fill the gaps 
in the 1931 data yields a national total of 316 million mu. 
This level was not reached until 1952 at the earliest, indicat
ing that, as with other aspects of the economy, the 1949-52 
period saw the restoration of irrigation to its prewar condi-
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tion in the 1930s. 
Nonetheless, a closer inspection of Table A . I I shows 

that the decline in irrigated area was concentrated in Sichuan, 
Yunnan, and Guizhou. Irrigated area in these three southwes
tern provinces fell by 73 percent, 46.5 million mu, or about 
60 percent of the disparity between the 1932 and 1949 totals. 
The reported irrigated area did not recover its prewar levels 
until the Great Leap Forward years of 1957 and 1958, for 
which the official totals were probably exaggerated. 

All the figures from 1949 to 1959 in Table A . I I are from 
contemporary reports, most of them in the provincial or na
tional press, assembled in P r o v i n c i a l A g r i c u l t u r a l S t a t i s t i c s 
for C o m m u n i s t C h i n a (PAS 1969). At that time, provincial 
statistics were published in the provincial presses but not 
nationally, so the coverage is not total. After i960 the pro
vincial press was not exported from China. Occasional re
ports on provincial conditions were released to the outside 
by the New China [Xinhua) News Agency. Many of these 
were collected by the United States Consulate in Hong Kong 
and published in Survey of C h i n a M a i n l a n d Press or kept in 
the files of the agricultural attache (USHKAA). After 1971 
many provincial radio reports were transcribed and published 
in the D a i l y R e p o r t of the Foreign Broadcast Information 
Service (FBIS|. 

Table A . I I relies on these and a few other scattered 
sources for 1960-75. Only sixteen data points were found for 
the 1960s, all but two of them for 1963-66, far too few to 
indicate trends, except for the marked increase in irrigation 
in Beijing. Provincial data became far more abundant in the 
early 1970s, especially in 1973 and 1974. Beginning in 1981, 
complete SSB series have been published each year in the 
national statistical and agricultural yearbooks. 

More recently, a number of provincial yearbooks have 
published historical series of varying degrees of coverage. 
These are presented in Table A.12 and compared with con
temporary sources in Table A.13. Recently issued national 
figures for the period before 1976 indicate a reduction over 
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previous M W R estimates (see Table A.I), with the SSB series 
now larger than that of the M W R for those years. 

C O M P A R I S O N O F MWR A N D O T H E R S O U R C E S 

The M W R series for selected years from 1949 to 1979 
(Table A.2) differs with few and not always understandable 
exceptions from both the contemporary (Table A.II) and the 
provincial yearbook data (Table A.12). The M W R figures are 
identical with contemporary reports in only five instances— 
all in the earliest years, 1949 and 1952, in Shanxi, Shaanxi, 
and (for 1949 only) in Xinjiang. For the most part (77 out of 
131 cases), M W R figures are higher than the contemporary 
reports, consistent with the upward tilt in reporting discussed 
earlier. Notable exceptions are (1) the Great Leap Forward 
year of 19 5 7, when only five of twenty-three provisional M W R 
figures (Hebei, Jilin, Guangdong, Qinghai, and Xinjiang) are 
larger than the contemporary reports; and (2) the year 1978, 
when the series used for comparison is that reconstituted 
from C A S figures in Table A. 10. In the latter case, fifteen 
M W R data points are higher, but fourteen are lower; none 
are identical. M W R figures for 1978 tend to be lower for the 
provinces of central-south and south China where bunded 
fields exceed 90 percent of cultivated area; they tend to be 
higher in the intermediate provinces, notably in the north
east, northwest, and east, where bunded fields comprise 10-
90 percent of cultivated area. 

The provincial yearbook figures of Table A. 12 also tend 
to be lower than contemporary reports, and are more consis
tently so than the M W R data (87 out of 118 data points). This 
is so, even for the 1957 and 1976 data, reflecting the l ikely 
SSB origin of the underlying information. Nonetheless, the 
disparities between the series are not consistent. For example, 
M W R figures for Shanghai are higher in six of the eleven 
comparable years, but lower in two, and identical in the re
maining three. 
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S U M M A R Y 

Irrigation statistics are very important to Chinese food policy, 
so they are relatively complete, compared to those of most 
other countries. Shifts in the political climate have caused 
shifts in the number and quality of reports, however. For ex
ample, between i960 and 1980 the Statistical Press was 
closed, some data were destroyed, and the ranks of statisti
cal workers were decimated. Also, there were frequent 
changes in the categories covered in statistical reports. 

Besides inconsistency over time, there are differences 
among reporting agencies. The two major sources of irrigated 
area statistics are the Ministry of Water Resources (MWR) 
and the State Statistical Bureau (SSB). Although not issued 
as regularly, M W R reports cover more categories and tend to 
be more complete and consistent. But their numbers are 
consistently higher than SSB data—perhaps because of dif
ferent incentives affecting those reporting the data. Differ
ences between the two reporting systems vary widely among 
provinces. Where they diverge, their countervailing biases 
provide many values that are likely to bracket the underly
ing reality. 

In retrospect, it seems clear why China's leaders might 
complain that the numbers they receive are "too many, too 
chaotic." During the 1980s, some order appears to have been 
brought to reports of effectively irrigated area, although the 
two reporting systems do not always agree. Given the prob
able countervailing biases of the SSB and M W R , this may 
not be a bad thing, because it provides a probable range rather 
than a precise figure of uncertain validity. Where the sys
tems agree, it may reflect a compromise that hardly improves 
the quality of the data. 

A possibly more fundamental question than agency bias 
is that of just what is it that these figures purport to mea
sure, and how successfully they do it. This issue is addressed 
in the next section. 
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W H A T IRRIGATED Measures of irrigated area rival those of employment or ca-
A R E A M E A S U R E S pacity utilization: the correspondence between the numbers 
M E A S U R E a n ( j t n e underlying reality they claim to measure is problem

atic. Although the reporting system is to some degree re
sponsible, the main reason for this nonconformity stems 
largely from the nature of irrigation itself. 

The need for irrigation arises when there is a deficit in 
moisture available to the root zone of crops. The magnitude 
of this shortfall depends on a number of factors, including 
the amount and pattern of precipitation, runoff and evapo
transpiration during critical growth periods, the types, vari
eties, numbers, and planting dates of crops grown, soil and 
slope conditions, methods of water application, and levels of 
management. 

Figures i and 2 demonstrate some of these factors. Fig
ure 1 is an actual histogram of precipitation in Shanxi. Fig
ure 2 is more abstract and more general, including all forms 
of moisture. Moisture availability from nonirrigation sources 
is indicated by the line M M , , which increases from an ex
pected minimum level M t (at P i.o). 1 8 If crop requirements 
are below M j 7 supplemental waterings are always unneces
sary. They may eyen be harmful. 1 9 If they are greater than M , 
irrigation wi l l always increase yields, even in the wettest 
year. Many cases lie between M and M , , where supplemen
tal irrigation is necessary in some years but not in others. 
For example, at C R some irrigation would be required six 
years out of ten (P = 0 . 4 ) . 2 0 

Irrigation facilities are rarely capable of providing ad
equate water to their entire command area in the driest years 
(P -»1.0). It is almost always more productive to expand the 
command area beyond that which can be guaranteed a sup
ply under all circumstances. More commonly, projects are 
designed to supply water up to a certain rate of guarantee.21 

C R O P IRRIGATION R E Q U I R E M E N T S 

Crop irrigation requirements depend on the nature of the crop, 
soil structure and fertility, moisture otherwise available, c l i -
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mate and methods of irrigation (Linsley and Franzini 1979, 
377/ 379)- Two of the most important determinants are the 
length of the growing period and the level of solar radiation 
(and the resulting potential evapotranspiration) during that 
time. 

Table 2, from the People's Victory Canal in Henan (av
erage annual precipitation P = 640 millimeters, potential 
evapotranspiration PET = 1400 millimeters), gives an indica
tion of the differences in water requirements for different 
crops. These vary from place to place, depending not only on 
factors such as those just mentioned, but the general magni
tudes for each crop. 

800 
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Figure 1 Annual precipitation in Shanxi Province, 1960-86 (Source: Chen 1987). Year 
ordering is not sequential. Bars are arranged from greatest to least annual precipitation with 
the relevant year indicated. 
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Table 2 also shows how the number of irrigation turns, 
and therefore the total volume of irrigation water applied to 
a given crop, depends critically on the amount of rainfall. 
Annual precipitation also varies considerably from year to 
year, especially as one goes from southeast to northwest in 
China. 

Crop water "requirement" figures normally do not 
count operational or conveyance losses. Field requirements 
are almost always larger, even without conveyance. Convey
ance losses, as measured, for example, by the "canal system 
effectiveness coefficient" ( q u x i shui liyong x i s h u ) , can be 
quite significant, especially in large surface systems, where 
seepage losses usually exceed the amount of water actually 
delivered to the crop root zone. Often, however, seepage is a 
loss to a project but not to the entire irrigation sector, as it 
recharges the groundwater. 

Crop requirements also depend on the intensity of use 
of production factors other than water, including manage
ment. Water can also substitute for other factors, such as 
labor for weeding of rice (Levine 1980, 53—57). Heavy appli
cations of water may reduce soil salinization and prepare the 
ground for later crops (Carruthers and Clark 1981, 39). 
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M E T H O D S A N D TIMING O F A P P L I C A T I O N 

The amount of water used also depends critically on the 
method of application. The three most common methods, in 
descending order of water use, are flood, basin or check, and 
furrow. More recently, drip and sprinkler irrigation have been 
used in China on high-value crops, but are not very wide
spread (150,000 mu and 10 mil l ion mu, respectively, in 1983; 
and a total of 9.18 mi l l ion mu in 1990) [Zhang 1984; 
ZGSLNJ9I , 655). 

On-field application methods also vary in timing. There 
are at least four different methods of irrigating rice in China. 
These are listed below in descending order in terms of water 
requirements but ascending order in terms of reliability. 

Table 2 Crops and irrigation norms, People's Victory Canal, Henan 

Crop Wheat Maize Cotton Rice 

Growing season (month/day) 9/26 to 
5/30 

6/03 to 
8/25 

3/25 to 
8/25 

4/25 to 
9/27 

No. of days 246 83 153 154 
Crop water requirement 

(m3/mu) 310 210 270 850 
Precipitation (P - 50%) 

(mm) 
(m3/mu) 

157 
105 

396 
264 

570 
380 

570 
380 

No. of irrigation turns required per crop 4 2 1 8 
Irrigation norm 

(m3/mu) 220 120 70 655 
Precipitation (P - 75%) 

(mm) 
(m3/mu) 

122 
81 

273 
182 

510 
340 

510 
340 

No. of irrigation turns required per crop 5 2 2 8 
irrigation norm 

(m3/mu) 270 120 120 685 

Precipitation (P - 90%) 
(mm) 

(m3/mu) 
99 
66 

185 
123 

320 
213 

320 
213 

No. of irrigation turns required per crop 6 3 3 8 

Irrigation norm 
(m3/rnu) 310 170 170 710 

Source: MWRFWC (1984, 43-44). 
Note: The source does not give precipitation for the rice season. Data for cotton have been substituted, as they are 
approximately the same time period. 
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Continuous Ponding 

Water is maintained in the bunded rice field throughout.the 
growing season. Currently, a depth of 4 to 7 centimeters is 
used; with traditional varieties, this is deeper. Continuous 
ponding is common in hilly regions with uncertain water 
supplies. 

Flooding with Midseason Drainage 
Bunded fields with a reliable water supply are drained in the 
latter part of the tillering stage and sometimes in the booting 
and heading stages as well. 

Variable Water Supply 
Rice seedlings are transplanted into shallow water (about 3 
centimeters). During tillering, the rice fields are kept alter
natively wet and dry. During booting and heading, water is 
maintained at 3-4.5 centimeters. The soil is kept damp with
out standing water during the milk-ripe stage, and, as is typi
cal with other on-field application methods, the fields are 
drained and dried about five-seven days before harvesting. 

Dry Sown (Upland Bunded) Rice 
Bunded field rice is sown directly after overwintering or spring 
crops such as wheat; it grows in wet soil and is irrigated as 
an upland crop according to the soil moisture status. This is 
a new method but is used extensively in northern areas, such 
as Beijing, which grow bunded field rice but are facing a wa
ter shortage. Experimental results show that the water re
quirement of dry sown bunded field rice is 4,500 to 6,000 
cubic meters per hectare (300-400 cubic meters per mu) com
pared to 6,750 to 7,500 cubic meters per hectare (450-500 
cubic meters per mu) for flood irrigation (Jiang ca. 1987, 6-7. 
The source does not give comparative yields or costs, but 
one may expect tradeoffs between water saved and the levels 
and costs of other inputs.) 

Proper timing of irrigation can reduce the total water 
requirement, as crop sensitivity to water shortage varies be
tween stages of growth. Because drought stress is more likely 
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to harm plant growth than excess water and is harder to 
overcome [excess water can be drained in most cases), 
overwatering is a common tactic adopted by farmers who 
face an unreliable supply of water (Carruthers and Clark 1981, 
42). This is especially true where they do not pay for the 
extra water used. 

I R R I G A T I O N S O U R C E S 

The expense and reliability of irrigation water greatly depend 
on the source. Table 3 provides national data on water sup
plied to agriculture, by source, and the farmland each source 
irrigated in 1985. Figures for wells do not include the small 
portion of areas where groundwater is used conjunctively with 
surface supplies [Zhang 1984). Wells and surface pumps sup
plied significantly less water per mu than gravity diversions, 
due largely to their higher costs of operation and lower con
veyance losses. 

S U M M A R Y 

The intrinsic nature of irrigation makes it difficult to mea
sure the area under irrigation. Not all fields within a com
mand area require supplemental watering in any given sca

lable 3 Water supplied and area irrigated nationally, by water source, 1985 

Area irrigated in 1985 
Water supplied in 1985 Percent 

Percent of total 
of total effectively 

Total agricultural Total irrigated 
Water source (km3) water (million mu) area 

Storage projects 108.3 29.7 219 30.4 
Diversion from flowing water 149.9 41.2 202 28.1 
Surface pumps 41.2 11.3 136 18.9 
Wells 57.6 15.8 132 18.4 
Other sources 7.3 2.0 30 4.2 

Total 364.3 100.0 719 100.0 

Source: MWREP(i987, 30). 
Note: Storage projects include reservoirs, tanks, ponds, and so forth. 
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son. In the driest years, not all fields counted as irrigated can 
be provided with adequate water. Crop irrigation require
ments vary widely, depending on the length of the growing 
period, the level of solar radiation, conveyance losses, and 
the availability of other production factors such as manage
ment and the methods and timing of watering. The expense 
and reliability of irrigation water also depend on the source. 

M E A S U R E S USED Irrigated area measures may be divided into two broad cat-
IN C H I N A egories: those describing a command area and those repre

senting the area actually receiving irrigation in a given year 
or, less frequently, a cropping season. Command area mea
sures such as "effectively irrigated area" or "stable, high-yield 
fields," two of the most commonly used categories in Ch i 
nese reports, describe the area that could be irrigated with a 
given level of probability by existing facilities and sources. 
They are therefore subject to much guesswork and error but 
require little monitoring and recalculation. Measures such 
as China's "actually irrigated area" are more likely to desig
nate actual applications of water to fields, but they may fluc
tuate considerably from year to year or season to season de
pending on natural conditions. Like command area measures, 
they say nothing about the intensity (or necessity) of appli
cation and are also likely to be based upon a degree of guess
work, considering the costs and dubious value of taking pre
cise measurements. 

C O M M A N D A R E A M E A S U R E S 

Command area measures are economic concepts. Water can 
usually be provided to a larger area by adding mobile pumps 
and/or human labor to lift the water farther above the canal 
line or reservoir,- yet this method is very expensive in terms 
of inputs of other resources. 

Command area measures can also be administrative 
concepts. In some cases outside China, the area actually irri
gated by a project includes fields that are not in the officially 
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registered command area. Some of these plots use seepage 
water from canals; others rely on unauthorized appropria
tions. In either case, since they do not lie within the formal 
bounds of the scheme, project personnel do not include them 
in their reports. It is unclear to what degree similar adminis
trative distortions obtain in China. 

Effectively Irrigated Area (youxiao guan'gal mlanjl) 
Effectively irrigated area (EIA) is the most common category 
used in reporting by both the M W R and SSB systems. It is 
comparable to the actual (as opposed to designed) command 
area of existing projects. The S t a t i s t i c a l Y e a r b o o k of C h i n a 
1 9 8 1 defines the effectively irrigated area as 

level land which has water sources and complete sets of irri
gation facilities to lift and move adequate water for irriga
tion purposes under normal conditions. (ZGTJNJ81,512-13) 

Any land with operable irrigation facilities should be 
counted, even if not used in a given year because rainfall or 
cropping patterns make irrigation unnecessary. Areas with 
only partial facilities (e.g., wells without pumps or reservoirs 
without canals) should not be included, nor should "drought-
fighting land," where crops outside the command area are 
watered on an emergency basis, using delivery systems such 
as shoulder poles and mule-drawn carts. A u n a t u r e l bunded 
fields that rely exclusively on precipitation are excluded as 
well . These have colorful names such as d o n g s h u i t i a n (win
ter bunded fields), t u n s h u i t i a n (garrison bunded fields), 
w a n g t i a n t i a n (skygazing fields) and l e i x i a n g t i a n (thunder 
fields) [ X i b e i N o n g x u e y u a n 1981, 129-30). 

Effectively irrigated area is divided into two major sub
categories: bunded fields [ s h u i t i a n ) and irrigated dryland 
[ s h u i j i a o d i ) : 

A bunded field is cultivated land which has a field ridge (or 
bund) and which can regularly store water for the cultiva
tion of rice or aquatic crops such as lotus root or mat straw. 

Dryland is all cultivated land except bunded fields, no mat
ter whether it has irrigation facilities. It includes (but is not 
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restricted to) irrigated dryland, that is, dryland which has a 
water source and irrigation facilities and which can be irri
gated normally under the conditions prevailing in an ordi
nary year. [Xibei Nongxueyuan 1981, 13) 

The same source notes that these classifications are 
based on long-term use and relatively fixed conditions of ir
rigation. Upland crops may be grown in bunded fields in 
drought years or as part of a normal rotation such as rice-
wheat-broad beans; and irrigated dryland may not receive 
irrigation in extremely dry or fortuitously wet years. Thus 
the effectively irrigated area tends to be greater than the ac
tually irrigated area (see p. 34). 

In most Chinese reports, "irrigated area" refers to ef
fectively irrigated area. The A g r i c u l t u r a l D i c t i o n a r y makes 
a further distinction between "net irrigated area" ( j i n g 
g u a n ' g a i m i a n j i ) and "gross irrigated area" [ m a o g u a n ' g a i 
m i a n j i ) . The definition given for the former is the same as 
that provided by the S t a t i s t i c a l Yearbook for effectively irri
gated area, except that it does not include the provision about 
level land. "Gross irrigated area" includes land occupied by 
the canal system and its structures and by field paths ( N Y C 
1979, 346). Neither of the definitions is used in reporting, 
however. 

Effectively irrigated area applies only to agricultural land 
and excludes irrigated forest and pasture. Recently, figures 
for the latter have been published, and in 1984 and 1985 were 
added to effectively irrigated area to form a larger category, 
simply called "irrigated area" (see Table A.14). Over 97 per
cent of this national irrigated area figure was agricultural. 
China has very little irrigated forest or pasture. 

One of the criteria for determining what is "effective
ly" irrigated and what is not appears to be the "rate of irriga
tion guarantee" ( g u a n ' g a i baozheng iu j . 2 2 This rate, expressed 
as a percentage, consists of the percent of years during which 
the irrigation facilities w i l l provide the amount of water 
"needed" by crops. According to the A g r i c u l t u r a l D i c t i o n a r y 
(NYC 1979, 345), irrigation districts primarily growing up
land (dryland) crops should have a rate of guarantee of at least 
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60 percent, while those mainly growing rice should have one 
of at least 80 percent. 

O n - f a r m W a t e r Resources (NTSL 1977, 66) presents a 
more refined breakdown of the "irrigation design standards 
currently used in China," noting that, in general, they are 
higher in the south, in gravity irrigation (rather than lift irr i
gation) districts, in large rather than medium-sized projects, 
and in regions where paddy predominates. 

Many irrigation districts in China do not appear to come 
up to these design standards. Even where they are attained, 
the standards in some areas allow for a water deficiency as 
frequently as every second year. 

The use of different standards of guarantee for different 
parts of the country makes interprovincial comparisons dif
ficult. For example, although one would expect irrigated fields 
in the wetter southeastern part of the country to have a higher 
rate of guarantee than those in the northwest, and bunded 
fields to have a more demanding standard than upland fields, 
the opposite tendency shows up in the figures for stable, high-
yield fields, which are based in part on rates of guarantee (see 
subsequent paragraphs). It is possible that the different stan
dards overcompensate for natural differences. 

The rate of irrigation guarantee is commonly used in 
the design of large and medium irrigation projects and those 
with multiple uses because of its compatibility with rates of 
guarantee of nonirrigation water uses. It also obviates the 
practical difficulties of calculating the principal alternative 
measure, which is the number of days of drought resistance 
( k a n g h a n t i a n s h u ) . This is commonly used in small irriga
tion districts and for on-field works because even nonspe-
cialists find the concept comparatively easy to understand 
(NTSL 1977, 67). The drought-resistance standard consists 

Water-deficient regions 
focusing on upland crops 
focusing on rice 

50-75 percent 
70-80 percent 

Water-abundant regions 
focusing on upland crops 
focusing on rice 

70-80 percent 
75-95 percent 
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of the number of days an irrigation facility can supply crop 
water needs in the absence of rain and still yield a bumper 
harvest. According to one source, 

The N a t i o n a l P r o g r a m for A g r i c u l t u r a l D e v e l o p m e n t 
{NADP—drafted in the 1950s) recommends that "the drought 
resistance capability of irrigation facilities be raised to 30-
50 days, in keeping with the dissimilarity of conditions in 
different places; places which are suited to the development 
of double-cropped rice should raise the standard to 50-70 
days in order to guarantee a harvest." In 1973, the Ministry 
of Water Resources and Electric Power, acting according to 
the "stipulated standards for several kinds of water control" 
set down in The P r o g r a m , stipulated that the statistical stan
dard for irrigated area be a drought resistance capacity of 30-
50 days for areas with upland crops or single-crop rice, but in 
general 50-70 days for double-cropped rice areas. In recent 
years, some upland crop and single-crop rice districts with 
plentiful water sources have been able to reach a drought 
resistance capacity of 50-70 days, while some double-cropped 
rice districts have been able to reach 70-90 days. (NTSL 1977, 
67) 

To be useful, drought-resistance measures require ac
curate data on drought occurrences. But, at least during some 
periods, data on all kinds of "natural disasters" [ z a i q i n g ] 
appear to have been of questionable precision. For example, 
in Heilongjiang Province, 

especially during the ten years of chaos (1966-76), and even 
at present, when they develop their work on agricultural 
regionalization, a number of districts throughout the prov
ince have felt that the collection and analysis of natural di
saster data are disorderly, incomplete, and inaccurate, so that 
it is difficult to determine what the objective situation is 
now. (HLJRB, 15 March 1981, 2) 

Guaranteed Irrigated Area ( b a o z h e n g g u a n ' g a i mIan}I) 
In a limited number of cases, figures have been given for 
"guaranteed irrigated area" that appear to be different from 
other measures. In particular, guaranteed irrigated area is 
lower than effectively irrigated area, indicating the use of a 
higher standard of guarantee. 
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A n unofficial source [Ming B a o , 14 Apr i l 1983) reported 
that Guangdong had 38.9 million mu of irrigated land, but 
that 6.1 million mu of farmland had not reached the stan
dards of guaranteed irrigation. This implies that the guaran
teed irrigated area in 1982 was 32.8 mill ion mu. It is l ikely 
that these figures are based on Ministry of Water Resources 
(MWR) reports. The M W R figure for effectively irrigated area 
in 1983 was 38.66 mil l ion mu, compared with the State Sta
tistical Bureau (SSB) figure of 30.66 million mu. As noted 
earlier, Guangdong has one of the highest disparities between 
the SSB and M W R series. 

A report in C h i n a W a t e r C o n s e r v a n c y (ZGSL, Febru
ary 1983) makes a clear distinction between effectively irri
gated area and a lower figure for guaranteed irrigated area in 
Guangxi, the "autonomous region" to the west of Guangdong. 
M W R national summary report categories published in the 
C h i n a W a t e r C o n s e r v a n c y for 1983-88 do not include guar
anteed irrigated area figures, however (Table A . 14). 

Unofficial "reference" materials for 1949-84 supplied 
by the Water Resources Bureau of Shanxi Province 2 3 show 
more complete series for guaranteed irrigation and actually 
irrigated area than for effectively irrigated area. The guaran
teed irrigated area for each year is below the effectively irri
gated area and usually, but not always, larger than the actu
ally irrigated area (Table 4). 

Stable, High-Yield Fields (gaochan w e n c h a n t i a n ) 
The more complete term for this category is "fields with 
stable, high yields despite drought or excess surface water" 
( n a n , l a o baoshou g a o c h a n w e n c h a n t i a n ) . These are defined 
as: 

Of the effectively irrigated area, the cultivated area with com
plete irrigation facilities and a high resistance to natural di
sasters. When relatively large droughts or excess surface 
water \lao\ occur, irrigation can be guaranteed in drought 
conditions and excess surface water can be drained. In addi
tion, the unit area (crop) yield reaches or exceeds the require
ments of the NADP under the conditions of a normal year. 
[Xibei N o n g x u e y u a n 1981, 130) 



Table 4 Irrigated area series, Shanxi Province, 1949-84 

Effectively Guaranteed Actually 
irrigated irrigated irrigated 

Year area area area 

(million mu) 
1949 (3.79) 1.54 1.32 

1950 (4.11) 2.44 2.10 
1951 (5-13) 2.74 2.54 
1952 (6.09) 3.02 3.10 
1953 (6.37) 3.27 3.50 
1954 (6.56) 3.42 3.33 
1955 (7.01) 3.72 3.78 
1956 (8.03) 4.10 4.28 
1957 (8.74) 4.46 4.49 
1958 (9.51) 5.28 5.21 
1959 (9.88) 5.61 5.42 

1960 (10.08) 5.78 5.55 
1961 (10.46) 5.87 5.18 
1962 (10.91) 6.04 5.58 
1963 (11.67) 6.96 6.14 
1964 (12.29) 7.54 6.73 
1965 8.07 7.43 
1966 9.41 9.10 
1967 9.65 8.71 
1968 9.82 8.64 
1969 10.24 8.63 

1970 11.04 9.63 
1971 11.95 10.63 
1972 12.95 10.98 
1973 15.74 13.97 12.64 
1974 17.12 14.94 13.38 
1975 17.98 15.75 14.36 
1976 18.71 16.37 14.18 
1977 19.28 17.08 15.18 
1978 18.83 16.36 15.72 
1979 17.12 14.27 15.14 

1980 17.36 14.31 15.03 
1981 17.20 13.73 14.19 
1982 17.17 13.66 14.70 
1983 17.26 13.70 14.04 
1984 17.18 14.38 

.Source: Shanxi Province water resource authorities cited in Chen (1987). The 1949-
64 effectively irrigated area figures appeared in the source with parentheses. This 
suggests that they were derived by the author, or were, in some other respect, 
regarded as less reliable by the author. 
Blank cell - Data not available. 
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This appears to be the most stringent irrigation-related 
category. Besides the significant inclusions of drainage and a 
high drought-resistance capability (100 days in Guangdong 
Province, for example), it appears to require a high annual 
crop yield, in excess of the targets specified in the N A D P for 
different regions of the country (6 tons per hectare, 3.75 tons 
per hectare, or 3 tons per hectare, going roughly from south
east to northwest). 

The area with stable, high-yield fields (SHYF) has been 
the second most commonly reported irrigation-related area 
statistic, after effectively irrigated area.24 According to Zhang 
Yue (1984), SHYF is a MOA-SSB category, not used by the 
M W R . The M W R does issue a national SHYF figure each year, 
however (Table A.14). SHYF figures have been published in 
some of the provincial agricultural yearbooks. 

The relationship between SHYF and effectively irrigated 
area in 1987 and 1988 is shown in Tables A . 15 and 5. In 1987, 
70 percent of China's effectively irrigated area and 84 per
cent of its actually irrigated area were considered to be stable 
with high yields. These are up from 1980, when SHYF con
stituted only about one-half of the effectively irrigated area. 
This is probably due to the intervening increase in per-mu 
grain yields. In five instances (Liaoning, Henan, Guizhou, 
Hubei, and Shanghai), SHYF area exceeded that recorded as 
actually irrigated. 

A C T U A L L Y I R R I G A T E D A R E A 

The actually irrigated area ( s h i j i g u a n ' g a i m i a n j i ) is defined 
as "that cultivated area actually irrigated in a given year, not 
including the area where temporary measures are adopted to 
resist drought" (Chen 1980, 45)." This category is therefore 
a subset of the effectively irrigated area, which is defined in 
terms of fixed facilities, and therefore does not include some 
areas that actually receive irrigation in a given year. 

None of the three most commonly used measures of 
irrigated area indicate the intensity of water use. A single, 
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modest and supplemental watering of a hectare of farmland 

planted with a summer monsoon crop (cotton or maize, e.g.) 

receives the same weight among irrigated area data as a hect

are receiving a dozen or so waterings during two or three 

seasons of sequentially planted crops, which, like rice, may 

have heavy total water requirements. Irrigated area may also 

Table 5 Provinces ranked by percent of irrigated area designated 
stable, high-yield fields, 1987 

Stable Stable 
high-yield fields as high-yield fields as 

percent of effectively percent of actually 
Province irrigated area Province irrigated area 

Shanghai 94.29 Liaoning 109.05 
Ningxia 85.95 Henan 108.41 
Liaoning 83.46 Guizhou 107.47 
Guizhou 82.03 Hubei 107.29 
Gansu 81.04 Shanghai 100.22 
Guangxi 80.75 Ningxia 97.09 
Hunan 79.89 Guangxi 97.04 
Hubei 78.73 Anhui 96.20 
Guangdong 73.89 Gansu 94.41 
Jiangxi 72.99 Jiangsu 88.54 
Shandong 72.86 Shandong 88.15 
Beijing 71.31 Jilin 84.30 
Anhui 70.59 Hunan 84.01 
Jiangsu 68.73 Guangdong 83.67 
Fuji an 68.19 Sichuan 79.19 
Henan 67.95 Beijing 77.75 
Zhejiang 67.68 Jiangxi 76.25 
Jilin 66.61 Shaanxi 75.90 
Sichuan 66.44 Neimenggu 75.01 
Yunnan 65.21 Qinghai 74.90 
Hebei 64.49 Fuji an 74.02 
Neimenggu 61.93 Yunnan 72.45 
Xinjiang 61.81 Zhejiang 69.41 
Shaanxi 61.20 Hebei 69.07 
Tianjin 59.41 Tianjin 68.24 
Qinghai 59.28 Xinjiang 66.07 
Shanxi 51.94 Heilongjiang 65.64 
Heilongjiang 45.76 Shanxi 62.78 
Xizang 0.00 Xizang 0.00 

CHINA 69.50 CHINA 83.70 

Source: ZGSL (October 1988, 38). See Table A.15. 
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include dry season crop land, notably winter wheat area. 

Table 6 demonstrates this diversity for "actually irrigated 

area." In 1985, the amount of water supplied each irrigated 

mu in Shanghai, a triple crop rice-rice-wheat area, was nearly 

nine times as much as in Shanxi. 

Surprisingly, agricultural water use per mu in 1985 was 

only about one-third greater in the provinces where bunded 

Table 6 Agricultural water use, by province, 198$ 

Agricultural Actually Water supply 
water irrigated per 

supplied area irrigated mu 
Province (million m3} (million mu) (m3) 

Shanghai 7,900 3.85 2,051.95 
Ningxia 7,200 3.85 1,870.13 
Heilongjiang 9,800 8.71 1,125.14 
Guangxi 19,900 18.04 1,103.10 
Xinjiang 40,300 39.31 1,025.18 
Neimenggu 17,000 16.86 1,008.30 
Guangdong 32,000 32.90 972.64 
Jiangsu 37,300 48.31 772.10 
Gansu 8,000 10.57 756.86 
Fuji an 9,100 12.38 735.06 
Hubei 20,900 29.85 700.17 
Liaoning 7,200 10.30 699.03 
Yunnan 8,300 12.57 660.30 
Hunan 24,600 38.27 642.80 
Jiangxi 16,300 25.43 640.98 
Guizhou 3,800 5.96 637.58 
Beijing 2,900 4.56 635.96 
Zhejiang 13,400 22.68 590.83 
Jilin 4,500 8.07 557.62 
Qinghai 1,200 2.40 500.00 
Anhui 12,600 26.76 470.85 
Sichuan 11,700 32.11 364.37 
Shaanxi 4,600 14.04 327.64 
Hebei 15,000 49.25 304.57 
Henan 9,700 32.98 294.12 
Shandong 14,800 51.95 284.89 
Tianjin 1,100 4.25 258.82 
Shanxi 3,200 13.86 230.88 
Xizang na na na 

CHINA 364,300 580.07 628.03 

Source: ZCSL (October 1986,17; November 1986, 
na - Data not available. 
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fields predominate than in the dryland regions (712 cubic 
meters versus 521 cubic meters). This is largely due to a very 
high water-use rate in the dry border regions of Xinjiang (1,025 
cubic meters per m u ) and the northeast (957 cubic meters 
per m u ) and to a low rate in Sichuan (364 cubic meters per 
mu). The large water usage in the former is possibly due to a 
high evapotranspiration rate and to the greater variability in 
precipitation, necessitating more intensive and frequent irri
gation. Sichuan's rate may reflect unusual inadequacy among 
the province's water sources: 1985 was the year a local drought 
seriously affected yields on 22.7 mil l ion mu, about one-quar
ter of the province's cultivated area (ZGNCTJ87, 243-44)." 

With these exceptions, water use in 1985 was signifi
cantly higher in bunded field regions. The south (802 cubic 
meters per m u ) , east (724 cubic meters per mu), and south
west (706 cubic meters per m u ) were all well above Qinghai 
(500 cubic meters per mu), the northwest (364 cubic meters 
per mu), and the north (290 cubic meters per m u ) . 

C A T E G O R I E S U S E D A T T H E P R O T E C T L E V E L : T H E P E O P L E ' S 

V I C T O R Y C A N A L 

Greater insight into how irrigated area is calculated in prac
tice may be obtained by examining a specific project in greater 
detail. In so doing, the complexity of calculating meaningful 
irrigation figures becomes clearer. For example, the catego
ries used at a project level may differ from those reported to 
higher levels, in keeping with specific requirements of man
aging a given project. 

The People's Victory Canal in Xinxiang Municipality, 
Henan, is one of China's most famous, thoroughly studied, 2 7 

and best-operated irrigation projects. It diverts water from 
the left bank of the Yellow River (Huang He] near Zhengzhou. 
Within its command area are China's first people's commune 
(at Qiliying) and the Farmland Irrigation Research Institute 
under the joint jurisdiction of the M W R and the Chinese 
Academy of Agricultural Sciences. The People's Victory Ca
nal uses at least four measures of irrigated area: designed area, 
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area actually irrigated during.the year, irrigated area multi
plied by the number of irrigations over the year ( q u a n n i a n 
g u a n ' g a i m u d ) , and the largest area irrigated at a single time 
( z u i d a y i c i g u a n ' g a i m i a n j i ) . The People's Victory Canal does 
not appear to use guaranteed irrigated area or SHYF. 

The designed area is identical to the project control area. 
The actually irrigated area is calculated as the total of the most 
extensive single irrigation during the year on each of the five 
main canal systems. The relationship between these catego
ries is illustrated in Table 7, covering the years 1976-80.28 

These figures illustrate several interesting points. First, 
actually irrigated area (cultivated land receiving irrigation at 
least once during the year) in the People's Victory Canal was 
about one-sixth below designed area, averaging 83 percent of 
the latter during the period covered. This is well within the 
81-86 percent national average reported in more recent years 
by the M W R (Table A.14). 

Second, in some years, such as 1978, all five main ca
nal systems cover their maximum area simultaneously. In 
other years, they are not so clearly synchronized, perhaps 
indicating the adoption of a rotation system among them. 

Third, the average number of irrigation turns (from sur-

Table 7 Irrigation measures in the People's Victory Canal, 1 9 7 6 - 8 0 

Maximum 

Year 

Irrigated area 

Designed Actual 
(mu) (mu) 

ALA 

DIA 

area in a 
single 

irrigation 
(mu) 

MAX 

AIA 

Total 
area 

irrigated 
(mu) 

TOTAL 

AIA 

1976 600,000 510,500 0.85 454,600 0.89 2,514,900 5.01 
1977 600,000 470,600 0.78 416,700 0.89 1,761,600 3.74 
1978 600,000 503,000 0.84 502,900 1.00 2,955,100 5.87 
1979 600,000 489,400 0.82 448,400 0.92 3,207,000 6.55 
1980 600,000 525,500 0.88 496,900 0.95 '3,270,100 6.22 

Source: Niu and Liu (1987, 1611. 
AIA - Area actually irrigated. DIA - Designed irrigated area. 
MAX - Maximum area in a single irrigation. 
TOTAL - Total area irrigated, which is equal to the number of irrigations multiplied by the average area actually 
irrigated: 
AIA/DIA, MAX/AIA and TOTAL/AIA are ratios. 
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face sources) varies considerably from year to year (from 3.7 
to 6.6). Since the 1952-81 average for the People's Victory 
Canal is 3.50, the number of turns has clearly increased in 
recent years. 

As comprehensive as these figures are compared to the 
national series, at least two qualifications are in order. First, 
they do not include well irrigation, which is managed on a 
much more decentralized basis and is not under direct con
trol of the Canal administration. The source of the foregoing 
data describes some coordination of well and canal usage but 
does not provide specific figures for well irrigation.19 It may 
be supposed that the area irrigated by wells is inversely corre
lated to that receiving surface water. Thus the fluctuation in 
actually irrigated area (total irrigated area x irrigations.and av
erage number of turns in the region served by the People's Vic
tory Canal) is probably not as severe as indicated in Table 7. 

Second, the amount of water used in each irrigation is 
not indicated in the preceding figures. This can vary consid
erably, depending on climate, cropping, soil characteristics, 
water availability, alternative uses of other factors (especially 
labor), and the need for environmental control. At the People's 
Victory Canal, environmental considerations are critical to 
control siltation of the channel and soil salinization. Another 
table in the same source indicates that the average surface 
water used per turn at the Canal ranged from 114 cubic meters 
per mu in 1959 to 269.6 cubic meters per mu in 1977 (Niu 
and Liu 1987, 51). 

These levels of water use are considerably higher than 
the irrigation norms for specific crops mentioned earlier in 
this section because those figures do not include transmis
sion losses. These are quite high at the People's Victory Ca
nal where the average "irrigation water utilization rate" (pre
sumably an indicator of overall irrigation efficiency) ranged 
over the period from 20.07 percent in 1971 to 52.63 percent 
in 1959, roughly in inverse proportion to the gross usage fig
ures cited earlier, which were measured at the main Canal 
outlet (RMSLQ 1985, 15). 
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R E P O R T I N G BIASES 

In addition to problems of definition and measurement, irri
gated area figures have been subject to a number of reporting 
biases and problems of interpretation. These include under
reporting, exaggeration, ex post revisions, information lost 
during communication, and the occasional use of relative 
rather than absolute figures in press reports. 

Underreporting 
The cultivated area is known to be substantially under-
reported, perhaps by more than 20 percent (Travers 1982, 
483).30 In some cases, irrigated area may be underreported as 
well. Although localities are supposed to report all projects, 
even those built by communes and brigades, sometimes they 
do not. The MWR, surveying Fujian Province in the early 
1970s, found 200,000 more projects there than had been re
ported (Nickum 1977, 23). 

Exaggeration 
On the other hand, as elsewhere in the world, reporting units, 
especially above the farm producer level, may avoid the prob
lems involved in actual measurement by reporting excessively 
high figures, by substituting, for example, the original de
signed irrigated area for the effectively irrigated area. 

Exaggeration was clearly a serious problem during the 
Great Leap Forward "statistical fiasco of 1958."3l Nationwide, 
the area reported under irrigation increased by 92 percent in 
one year (1958), from 520 million mu to 1,000 million mu 
(Table A. I ). The single significant digit in the latter indicates 
its approximate nature. Since provincial reports add up to 
"only" about 800 million mu, Beijing appears to have boosted 
the total reported to it by as much as 25 percent. 

Provinces differed widely in their 1958 hyperboles. The 
rice-growing provinces of Sichuan, Hubei, and Zhejiang re
ported quite modest increases in irrigated area over T957 of 
4.6 percent, 6.1 percent, and 6.8 percent, respectively, while 
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Qinghai, Shaanxi, Hebei, Henan, and Guizhou, all but the 
last dryland provinces, claimed increases of 233 percent, 157 
percent, 141 percent, 133 percent, and 113 percent, respec
tively (derived from Table A.13). 

One reason for this disparity is that most of the bunded 
field provinces already had a large percent of their cultivated 
land under irrigation, while the dryland provinces were pre
dominantly rainfed. Only 0.20 percent of Shandong's culti
vated area was counted as irrigated in 1957. 

Unlike some other indicators, the percentages of 
unirrigated land claimed as recently brought under irrigation 
among the paddy provinces exhibit no obvious differences 
from those of the provinces where paddy is a smaller propor
tion of cultivated and irrigated land. The largest claims by 
this measure among the provinces just cited were by Henan, 
89 percent, Guizhou, 89 percent, Zhejiang, 76 percent, 
Qinghai, 74 percent, and Hebei, 44 percent. The other prov
inces made comparatively modest claims: Liaoning, 15 per
cent, Shaanxi, 8 percent, Hunan, 6 percent, Hubei, 6 percent, 
Sichuan, 4 percent, and Shandong, 0.3 percent (Table 8).32 

Revisions 
A further complication in evaluating intertemporal changes 
in irrigated area is the revision of data for earlier periods. For 
example, a more recent official source (ZGTJNJ88, 233) give 
national figures for 1952 and 1957 that are 7 percent and 27 
percent below those reported in the i960 compendium Ten 
G r e a t Years (SSB i960; Table A.I). Both sets of numbers are 
from the SSB, so the disparity is unlikely to be from different 
reporting systems.33 

Provinces appear to have made a number of adjust
ments, which have not been matched in the national aggre
gates. For example, a number of provinces report or imply 
figures for 1949 and immediately thereafter which are below 
those gathered from the more contemporaneous Chinese 
press in P r o v i n c i a l A g r i c u l t u r a l Statistics for Communist 
C h i n a (PAS 1969), yet the latter are more consistent with 
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the Ten G r e a t Years (SSB i960) aggregate of 240 million mu 
that was reiterated in C h i n a R e c o n s t r u c t s (April 1979).34 

Data for categories other than irrigated area have appar
ently been readjusted as well. In particular, stable, high-yield 
field figures for previous years appear to have been down
graded, sometimes more so than those for irrigated area. Table 
9 compares provincial reports during the 1970s with the 1980 

Table 8 Percent change in percent of cultivated area under 
irrigation, 1957-78 

1978 1965 1978 
relative relative relative 

to to to 
Province 1957 1957 1965 

Anhui 30 -13 50 
Beijing 2,111 202 631 
Fuji an 0 0 0 
Gansu 4,686 3,150 47 
Guangdong 3 4 -1 
Guangxi 3 23 -16 
Guizhou -4 -9 5 
Hebei 133 10 111 
Heilongjiang 67 ^8 219 
Henan 30 -88 945 
Hubei 31 -2 33 
Hunan 4 4 0 
Jiangsu 44 -3 49 
Jiangxi -7 -2 -5 
Jilin 129 -65 557 
Liaoning 268 -27 406 
Neimenggu 56 19 32 
Ningxia 15 
Qinghai 11 
Shaanxi 550 195 120 
Shandong 30,067 9,083 229 
Shanghai 56 23 27 
Shanxi 91 16 64 
Sichuan 4 2 1 
Tianjin 45 
Xinjiang -1 1 -2 
Xizang 
Yunnan 8 2 6 
Zhejiang 11 0 11 

Source: Derived from Chinese Academy of Sciences data in Z C N Y D L (19S0, 77-79). 
See Table A.16. 
Blank cell - Data not available. 



Measures Used in China 43 

figures from more recent publications. In some cases, part of 
the difference may be because of an actual decline in the 
area cultivated. The expansion of urban and residential con
struction has often been at the expense of the best land (see 
p. 71). It is safe to assume, however, that the bulk of the 
readjustment stems from reevaluations of the area with stable, 
high-yield fields. 

Transmission Losses 
Compounding the problem of unclear reporting biases of ba
sic-level units is the information loss due to aggregation (e.g., 
rounding), to editorial carelessness, and, in the case of data 
reported in English, to translation error. For example, reports 
from the Foreign Broadcast Information Service consist 
mainly of rapid translations of recorded radio reports, with 
much room for mistakes. 

Typographical errors appear even in the official statis
tical compendia. For example, the C h i n a A g r i c u l t u r a l Year
b o o k 1981 (ZGNYNJ81, 66) gives a figure of 10.727 million 
mu for the 1980 effectively irrigated area of Shanxi Province. 
That this should be 16.727, as indicated in Table A . I I , is 
clear from the Shanxi figures given elsewhere for 1978 and 

Table 9 Comparison of provincial irrigation reports, 1970s and 1980 

Province 1970 reports 1981 report for 1980 

Fujian 1975 EIA is % of CA ; EIA is 68% of CA ; 

SHYF is over Vi of CA SHYF is 32% of CA 
Guangdong 1974 LA is 38 million m u ; EIA is 31.619 million m u ; 

SHYF is 27 million mu SHYF is 22.826 million mu 
Henan 1974 LA is Vi CA; EIA is 49.5% of CA ; 

SHYF is 40% of CA SHYF is 27.4% of CA 
Hunan 1975 SHYF is 30 million mu SHYF is 23.4 million mu 

Jiangsu 1975 SHYF is 30 million m u , SHYF is 31.328 million mu, 
40% of CA 44.9% of CA 

Sources: 1980 data from ZGNYN)8r, 66-67. 1970s data for Fujian from Joint Publications Research Service, U.S. 
Dept. of Commerce, 27 August 1975; for Guangdong, FBIS, 18 October 1974; for Henan, FBIS, 17 December 1974; 
for Hunan, RMRB, 30 December 19751 for Jiangsu, FBIS, 10 February 1976. 

EIA - Effectively irrigated area. 
CA - Cultivated area. 
SHYF - Stable, high-yield fields. 
IA - Irrigated area of unspecified type. 
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1981, and from the 6.000 million mu discrepancy between 
the 673.321 million mu national total and the 667.321 mil
lion mu derived by summing the individual provincial fig
ures in the original table. 

In another example, the Ningxia Hui Autonomous Re
gion Rural Sample Survey Team (QJNXNC 1985, 48) listed 
Ningxia's 1978 irrigated area as 2.40 million mu. This was 
subsequently corrected to 3.40 million mu (Table A.12). It is 
unlikely that typographical errors are a significant, system
atic or common source of bias, however. 

Relative Reports 
The official press has frequently reported both absolute and 
relative increases in irrigated area and in previously irrigated 
area that have been improved. Sometimes both categories 
are merged in reporting: irrigation was extended or improved 
on a reported number of mu. In principle it is useful to know 
the extent of improvements in an existing irrigated area, as 
these may be of greater significance to production than in
creases in irrigated area on marginal farmland. Still, to be 

Table 10 Irrigation added during the Sixth Five-Year Plan period (1981-85) 

Increase in Increase in area 

Year 

effectively 
irrigated area 

Gross Net 

Irrigated 
area 

. improved 

irrigated by pump 

By new 
Total pump wells' 

Outfitted 
pump wells 

added 

1981 8.6203 -4.710" 27.46 8.111 5.5529 140,000 
1982 8.2480 -5.960b 26.67 12.446 6.1773 171,000 
1983 10.3840 -1.760= 29.79 10.813 5.6652 176,000 
1984 13.6990 -2.190c 29.00 10.000 5.0000 153,000 
1985 13.0000 -7.010C 29.00 10.000 5.0000 150,000 

Total 53.9513 --12.780b 141.92 51.370 27.3954 790,000 
Yearly average 10.7900 -2.556b 28.38 10.270 5.4790 158,000 

Sources: ZGSL (February 1986, i i ) , ZGSLNJ91, 653, ZGTJNI91,199. 
Note: Data on net increase in effectively irrigated area are from Ministry of Water Resources and State Statistical 
Bureau sources. Otherwise, data are from the Ministry of Water Resources. 
a. Figures include data for the increase in area drained by pumps. 
b. Figures are from State Statistical Bureau sources. Ministry of Water Resources data are not available. 
c. Figures are from the Ministry of Water Resources. The State Statistical Bureau data for these years show an 
i n c r e a s e in 1983 of 7.01 million mu and decreases in 1984 and 1985 of 2.86 million mu and 6.16 million mu, 
respectively. 
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useful for analytical purposes, the nature of improvement 
would have to be specified more precisely. The primary func
tion of the reports seems to be to show levels of activity, not 
outcomes. As Table 10 shows, the area reported as "improved" 
during the Sixth Five-Year Plan (1981-85) was about three 
times as large as the gross increase in effectively irrigated 
area. In net terms, total irrigated area actually declined dur
ing this period. 

Reports between the mid-1960s and the early 1970s of
ten vary widely in the magnitudes they claim or imply, espe
cially when they report relative changes. For example, there 
are two separate figures for Henan's 1965 irrigated area: 15 
million mu (FBIS, 24 May 1972, D2-D3) and 21 million mu 
(FBIS, 4 October 1972, Bi). A 1966 source implies an even 
lower figure by claiming that the "over 20 million" mu of 
1966 is an increase of 10 million mu over the previous year 
(USHKAA, micro file reel 2, frame 125). Similar disparities 
apply to the figures for Neimenggu in 1964 and Sichuan in 
1972. 

In general, basing estimates on relative reports, a ne
cessity during the 1960s and 1970s, may cause more prob
lems than the practice is worth, particularly given the prolif
eration of more complete and consistent statistical publica
tions during the last fifteen years. 

C O M P A R I S O N OF D A T A SERIES F R O M P R O V I N C I A L 

Y E A R B O O K S 

In recent years, an increasing number of provincial statisti
cal yearbooks have been published. Table A. 12 presents data 
on irrigated area from these sources for twenty-one of China's 
twenty-nine province-level units. A comparison of these fig
ures with those released at the time (Table A. 13) shows a 
widespread discounting of the earlier data for all years from 
1953 to 1974. For 1958 and 1959, and possibly in some areas 
(notably Anhui and Sichuan) in 1957, this is clearly the re
sult of a regeneration of a more plausible set of figures for the 
Great Leap Forward period. While the causes of differences 
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for other years among pre-1979 data reports cannot be un
equivocally identified, several explanations are offered for con
sideration. 

An Adjustment to Reflect Higher Standards 
In briefings, Chinese officials have noted that standards of 
irrigation have become stricter over time. If this were the 
case, one would expect to observe either a decrease in the 
relative differences over time, if standards were tightened 
progressively (ignoring, for reasons already discussed, the 
Great Leap Forward period during the late 1950s), or a no
ticeable adjustment at a time when a single tighter standard 
was applied. 

Neither of these effects is evident in the record for the 
three provinces with recently published complete series from 
1949 onward:35 

• The relative disparities in the two data series for Hebei 
were as wide in the early 1970s as in the early 1960s— 
and much wider in absolute terms. In 1975 and 1978 
the contemporary figures reported were actually lower 
than those published more recently for those years. After 
1980, the provincial series merged with the SSB figures 
published in the national yearbooks, not because of 
stiffer standards but due to a standardization in report
ing systems. 

• For Anhui, the gap closed significantly after 197a but 
later than in Hebei. 

• For Jilin, the disparity between present and published 
data is reversed altogether. The recent figures for 1955-
58, the only years available for comparison between 
1953 and 1974, are all higher than those originally re
leased. The reason for this anomaly is not clear, but 
may be connected to Jilin's occasional boundary shifts. 

Most probably, the tightening in standards refers to the 
increase in the average amount of water applied to each irri
gated plot that has accompanied increases in the cropping 
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ratio, especially when this has involved an addition of win
ter crops that require more substantial irrigation (Zhang 1984). 
On the other hand, there are indications that the standards 
applied in the field may not have become any stricter. For 
example, in Hebei in 1980 it was reported that "some irriga
tion districts can only irrigate one or two times a year" 
(HBSLGK 1980). Clearly, however, an adjustment has been 
made, usually downward, perhaps as part of the "unification" 
of standards in 1980. 

Difference In Reporting Systems and Categories 
According to Zhang Yue, one of China's most knowledge
able hydraulic engineers, several categories of irrigated area 
were reported by the production teams before 1980. Since 
then, basic production units have only reported effectively 
irrigated area figures. This is in accord with the observations 
of Tuan and Crook (1983 J, provided that stable high-yield field 
is not counted as an irrigated area measure per se. 

Form of Presentation 
Most figures for the pre-1978 period (including those as
sembled in PAS 1969I were issued haphazardly, commonly 
imbedded in provincial press reports. In addition, as noted in 
the previous section, year-to-year changes were often reported 
in relative or incremental terms. Where, as probable in the 
PAS collection, these are used to reconstruct absolute fig
ures, there is a danger of overestimation. 

A good illustration of this is an Anhui report that in 
1983 the province added 4.913 million mu of new irrigated 
area and improved irrigation on 23.837 millionmu (AHJJNJ84, 
252). The reported increment in irrigated area is a gross value. 
The same source (AHJJNJ84, 157) reports a net decline of 
687,000 mu in 1983 irrigated area. In other words, the in
crease of 4.9 million mu was more than offset by the removal 
of 5.6 million mu of land formerly classified as irrigated. 

Figures for gross decrease in irrigated area were rarely 
published until recently. One notable exception is a remark-
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able table published in the C h i n a Water C o n s e r v a n c y (ZGSL) 
on 1984 province-by-province decreases in irrigated area, with 
a breakdown by the cause of decline (see p. 70, "Sources of 
Decline"). 

S U M M A R Y 

There are two basic types of irrigated area measures: "com
mand area" and "actual." Command area measures, such as 
"effectively irrigated area/' "guaranteed irrigated area," and 
"stable, high-yield field," estimate how much land could be 
adequately irrigated with existing facilities under normal 
conditions. What is considered "adequate" and "normal" 
varies considerably. There are different standards for the re
quired level of probability (e.g., adequate water during 50, 
70, or 80 years within a century). In addition, irrigation re
quirements depend on rainfall and temperature, cropping pat
terns, timing and method of application, soils and slope, and 
level of other inputs such as labor and management. Mea
sures of actually irrigated area are less hypothetical, but they 
give no indication of the frequency or intensity of watering; 
and they do not include areas actually watered outside of 
command areas. At the project level, more complete mea
sures are sometimes collected, but these do not appear to be 
standardized and seem to be prone to problems of omission. 

Further eroding the reliability of irrigated area statis
tics, especially before 1979, are numerous reporting biases: 
incentives to underreport; exaggeration (especially during the 
Great Leap Forward); and various revisions of old data at the 
provincial and national level. Also, problems arise in presen
tation: inconsistent rounding, typographical errors, faulty 
translations, and the like. Analytical errors are often perpetu
ated or increased when estimates based on relative reports 
are made by the Chinese press or the Chinese and interna
tional research communities. This report relies on published 
absolute figures and does not generate data from reports of 
relative increases. 
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T R E N D S S H O W N This section uses various series for effectively irrigated area 
B Y P U B L I S H E D to delineate the pattern of irrigation development since 1949, 
D A T A both nationally and regionally. Using the perceived decline 

in irrigated area in the early 1980s as an example, it shows 
some of the analytical traps and political uses of reliance on 
reported irrigated area aggregates. The regional and provin
cial breakdown indicates the wide variety of development 
patterns that are obscured by national aggregates. Figure 3, a 
schematic diagram of irrigated areas by province, shows the 
relative importance of the various provinces, municipalities, 
and autonomous regions for China as a whole. 

N A T I O N A L T R E N D S 

Table A.I presents estimates for China's total irrigated area 
before 1949 and reported t o t a l s from then until 1991. The 
latter are presumably all effectively irrigated area figures. 
Since 1983, both the SSB and MWR series have been pub
lished regularly. 

These figures show a restoration of the prewar irrigated 
area during the early 1950s, followed by a rapid increase after 
1955. This was due to the mass mobilization campaigns, 
which accompanied collectivization and communization and 
which were focused on the construction of surface water sys
tems, especially reservoirs and diversions. 

As noted in the previous section, reported data were 
exaggerated during the Great Leap Forward, notably in 1958 
but probably in 1957 as well. Subsequently issued SSB data 
for 1957 (ZGTJNJ86, 149) indicate a downward adjustment 
of 21 percent [and of 6 percent for 1952). No revision was 
published for 1958. The same source indicates that Great Leap 
projects, primarily reservoirs, did increase irrigated area, but 
that the subsequent extension of pumping brought consider
ably more new farmland under irrigation. 

In the early 1960s, development was concentrated on 
surface pumping in low-lying, rice-growing southern areas 
such as the Pearl River (Zhu Jiang) and Yangtze (Chang Jiang) 
deltas. In the late 1960s and early to mid-1970s, the focus 
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was on pump wells in north China. Since these wells nor
mally brought irrigation to formerly unserved areas, their 
impact on irrigated area totals was particularly significant 
and highly concentrated regionally. This may be seen by com
paring the 1965-78 column of Table 8, which reconstructs 
Chinese Academy of Sciences data to show percent changes 
over time in the proportion of cultivated land that is irri
gated, with Table 1, which lists provinces by number of 
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tubewells in 1987.3* Provinces with the highest growth rates 
are all in the north and all invested in pump wells. 

By 1976, the irrigated area had basically stabilized. Af
ter that, there was a small but well-publicized decline, which 
caused concern in official circles during the mid-1980s, fol
lowed by a recovery to new peak levels in 1990 and 1991. 
This issue is discussed in detail later in the section. 

I N T E R T E M P O R A L T R E N D S A N D P A T T E R N S B Y R E G I O N 

While coverage is still not adequate to permit generalization 
of national trends during blackout periods, notably the 1960s, 
three provinces (Hebei, Jilin, and Anhui) provide complete 
year-by-year series for effectively irrigated area all the way 
back to 1949; and Shanghai offers one for the entire period 
since its establishment in 1957 as a separate province-level 
municipality. A complete series of numbers for guaranteed 
irrigated area and actually irrigated area is available for Shanxi 
(Table 4). In addition, comprehensive figures for all provinces 
for selected years have been published by the MWR 
(Table A.2). Together, these allow a rough description of post-
1949 trends by region (see Figure 4). Even from the cursory 
examination that can be provided here, it is clear that what 
constitutes irrigated area and how it has developed vary 
widely over the Chinese landscape. 

The North (Shandong, Henan, Hebei, Beijing, and Tianjin) 

The north, comprised of the three provinces and two prov
ince-level municipalities that encompass the North China 
(Huang-Huai-Hai) Plain, has the largest irrigated area of the 
seven regions delineated in Appendix 1. Its irrigation is pre
dominantly dryland, devoted primarily to the growing of win
ter wheat (Table A.I6(. In 1988, Shandong, Henan, and Hebei 
had three of the four largest irrigated areas in China (Jiangsu 
was second), together nearly one-quarter the national total. 
They also have 70 percent of China's pump wells (Table 1). 

The most complete series in the north is for Hebei. That 
province showed a jump of 14 percent in 1952 from a rela-
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tively low level and then increased more significantly from 
r956 to 1959 with collectivization and the Great Leap. Most 
of these gains were short-lived, however, even according to 
revised figures. The canals and reservoirs that Hebei (and 
Shandong) built in the North China Plain during the Great 
Leap Forward disrupted the natural drainage systems, lead
ing to a major reduction in the command area of those 
projects, and to serious environmental effects, notably in
creased flooding and salinization. 

In 1963, the year of a major flood in the Hai River ba
sin, irrigated area fell to slightly below the 1956 level. It is 
unclear from the Hebei yearbook (HBJJTJ85, 429) whether 
the separation of Beijing and Tianjin from Hebei in 1959 has 
been factored out of the figures it provides. If not, the 1963 
figure was still higher than that for 1956, but probably not by 
much. The Hai River Basin Project, circa 1964-74, provided 
an effective passive drainage system, while the development 
of pump wells in the latter half of the 1960s and the early 
r97os allowed a renewed rapid expansion of the area under 
irrigation. Hebei saw year-to-year jumps of 26 percent in 1965, 
31 percent in 1966, 6 percent in 1968, 9 percent in 1970, 8 
percent in 1973, 7 percent in 1974, and 7 percent in 1975. 
The reported area peaked in 1979, at 55.06 million mu. 

Figure 5, based on MWR figures in Tables A.2-A.8 and 
A. 15, indicates that Hebei's pattern of irrigated area develop
ment in the post-1949 period was similar to that of Shandong 
and Henan, increasing rapidly from a very low base in the 
1950s, declining slightly thereafter until the mid- to late-
1960s, when the spread of pump wells led to a major jump in 
irrigated area. Hebei's irrigated area, which had been the most 
extensive of the three provinces in the earlier period, did not 
increase as rapidly as that of Henan and, especially, Shandong 
during this period. 

The Chinese Academy of Sciences figures presented in 
Table 8 show this in a slightly different way. They indicate 
that the percentage of cultivated area under irrigation in
creased between 1965 and 1978 by 945 percent in Henan, 
631 percent in Beijing, and 229 percent in Shandong, com-
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pared with i n percent in Hebei. Shandong's irrigated area 
continued to grow during the early 1980s, due partly to in
creased diversions from the Huang He (Yellow River). But 
Henan, which, together with Shandong, irrigates 1.33 mil
lion hectares with Huang He water (MWREP 1987, 63), ex
perienced little growth in irrigated area during the 1980s, 
much as Hebei, which does not have access to the Huang He 
(Figure 5). 

With respect to area actually irrigated, Hebei ranks high, 
both in absolute and in percentage terms, while Henan con
sistently reports a relatively low proportion of its effectively 
irrigated area being actually irrigated (Tables A.3-A.8 and A. 15). 
Shandong lies in between. At this level of generality, it is 
hard to explain the difference. 

The Northeast (Neimenggu, Liaoning, Heilongjiang, Jilin, and" 

Ningxia) 

Like the north, the northeast is primarily dryland agricul
ture, but it is irrigated far less extensively. Heilongjiang, with 
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Figure 5 Irrigated area trends by region: The north, 1949-91 
(Source: Ministry of Water Resources of the People's Republic of 
China). Years without observations filled in through linear extrapo
lation. See figures in Table A.2 for 1949-79 and Tables A.3-A.8 for 
1983-91-
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the largest reported cultivated area in China (133 million mu 
in 19S6), also has the lowest ratio of cultivated area under 
irrigation (8 percent) (Table n). Jilin's ratio is second lowest 
(18 percent), followed by Neimenggu and Liaoning (21 per
cent each). Ningxia is only slightly more irrigated (31 per
cent) (Table n). In consequence, while the northeast, as de
lineated here, has the largest cultivated area of the seven re
gions, its irrigated area is second lowest (above only that of 
the northwest). 

Jilin is the middle of China's three northeast provin
ces, in what was once termed Manchuria. Together with its 
sister provinces Heilongjiang and Liaoning and the more 
westerly Gansu Province and Ningxia Hui Autonomous Re
gion, Jilin has been affected by at least two major boundary 
shifts with Neimenggu, by which territory was removed from 
the latter in 1969 and returned in 1979 (see Appendix 2). 
These shifts are likely to have affected irrigated area sub
stantially only in the case of Jilin, however, and, to a much 
lesser extent, Liaoning. Any assessment of intertemporal 
trends in statistical data for Jilin should therefore consider 
whether the data have been adjusted to compensate for these 
transfers. In part because of the boundary problem, Ningxia 
and Neimenggu have been included for present purposes in 
the northeast.37 

Incomplete irrigated area series are available from pro
vincial yearbooks for Liaoning (covering 1949, 1952, 1953, 
1957/ 1962/1965, and 1970-88), Heilongjiang (covering 1949, 
1952/1957/1962,1965,1970, and 1975-87), and Ningxia (cov
ering 1952, 1957, 1958, 1962, 1965,1970, and 1975-87)- Like 
the Jilin series, none of these show any unusual declines in 
irrigated area between 1978 and 1979 or between 1979 and 
1980, so it would be safe to assume that appropriate adjust
ments have been made, and that the series apply to post-
1979 boundaries. 

The three northeast provinces indicate similar magni
tudes and trends in irrigated area. Their data show sharp peaks 
during the Great Leap Forward, followed by a collapse back 
to the levels of the mid-1950s. The provincial data exhibit 



Table n Ratio of effectively irrigated area to cultivated area, 1986 

Ratio of Ratio of 
irrigated irrigated 

Province Effectively to Provincial to 
or irrigated Cultivated cultivated rank cultivated 
region area area area order area 

(million mu) 
Beijing 5.06 6.285 0.805 Shanghai 0.981 
Tianjin 5.11 6.615 0.772 Xinjiang 0.888 
Hebei 53.31 98.880 0.539 Zhejiang 0.853 
Shanxi 15.81 55.980 0.282 Hunan 0.832 
Neimenggu 15.09 73.425 0.205 Beijing 0.805 
Liaoning 10.96 52.935 0.207 Tianjin 0.772 
Jilin 10.76 59.595 0.181 Jiangsu 0.771 
Heilongjiang 10.80 133.035 0.081 Jiangxi 0.767 
Shanghai 4.90 4.995 0.981 Fujian 0.731 
Jiangsu 53.07 68.865 0.771 Shandong 0.653 
Zhejiang 22.45 26.310 0.853 Guangdong 0.639 
Anhui 31.38 66.210 0.474 Hubei 0.635 
Fujian 13.70 18.750 0.731 Xizang 0.548 
Jiangxi 27.21 35.460 0.767 Hebei 0.539 
Shandong 68.20 104.460 0.653 Guangxi 0.527 
Henan 48.19 104.985 0.459 Anhui 0.474 
Hubei 33.79 53.175 0.635 Henan 0.459 
Hunan 41.58 49.965 0.832 Sichuan 0.430 
Guangdong 28.70 44.910 0.639 Yunnan 0.348 
Guangxi 20.25 38.460 0.527 Shaanxi 0.347 
Sichuan 40.94 95.115 0.430 Ningxia 0.311 
Guizhou 7.98 27.945 0.285 Qinghai 0.291 
Yunnan 14.50 41.640 0.348 Guizhou 0.285 
Xizang 1.83 3.330 0.548 Shanxi 0.282 
Shaanxi 18.68 53.850 0.347 Gansu 0.237 
Gansu 12.39 52.200 0.237 Liaoning 0.207 
Qinghai 2.46 8.445 0.291 Neimenggu 0.205 
Ningxia 3.69 11.865 0.311 Jilin 0.181 
Xinjiang 40.61 45.750 0.888 Heilongjiang 0.081 

North 179.87 321.225 0.560 
Northeast 51.29 330.855 0.155 
Northwest 46.87 162.030 0.289 
Chang Jiang 123.14 193.245 0.637 
South 64.85 89.970 0.721 
Southwest 111.51 193.470 0.576 
West 87.70 161.175 0.544 

Sources: Walker (1988, 611-13). Data from contemporary sources. See Table A . I I 
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rapid increases following the nadir around 1963. Especially 
for Liaoning, this upward trend continued through the 1970s, 
although with some significant swings, especially in Liaoning 
and Heilongjiang. Liaoning's irrigated area peaked in 1978; 
that of Jilin and Heilongjiang, in 1981. 

Neimenggu and Ningxia exhibit a somewhat different 
pattern, with much steadier development. Projects executed 
in Neimenggu during the Great Leap (such as the Sansheng-
gong Diversion from the Huang He, completed in May 1961 J38 

appear to have given its irrigated area an enduring boost. Irri
gated area peaked in 1979, followed by a steady decline until 
1986, when it began to increase again (Tables A . I I and A. 12). 
Irrigated area in Ningxia has had some short-term fluctua
tions, with a gradual but relatively steady long-term upward 
trend (Tables A.2, A . I I , and A.12). Ningxia's consistent year-
to-year increase runs counter to the pattern exhibited by irri
gation data for most provinces during the 1980s (Tables A.12 
and A. 13). 

Figure 6 shows clearly that the MWR data in Table A.2 

  

     

 

 

  
    

 

 

  

 
     

Figure 6 Irrigated area trends by region: The northeast, 1949-91 
(Source: Ministry of Water Resources of the People's Republic of 
China). Years without observations filled in through linear extrapo
lation. See figures in Table A.2 for 1949-79 and Tables A.3-A.8 for 
1983-91-
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have not been adjusted for the 1969 and 1979 boundary shifts. 
Before 1969, Neimenggu had by far the largest irrigated area 
in the region. During the 1970s these data indicate a consid
erable decline in irrigated area, both in absolute terms and 
relative to Liaoning and Jilin. In 1979, Neimenggu recaptured 
the lead with a single-year net increment of 5.6 million mu, 
while Jilin's effectively irrigated area fell by 4.6 million mu. 
Liaoning's irrigated area also declined, by a lesser but still 
significant 3.5 million mu. 

In general, the pattern of development of irrigation in 
the northeast appears to have been more erratic than else
where. One reason for this is the relative insignificance of 
irrigation to the region's agriculture, which relies on sum
mer dryland crops.39 This marginality may have been a fac
tor in the apparent revision by the MWR of its effectively 
irrigated area figures, which was greatest for Liaoning, Jilin, 
and (in percentage terms) Xizang, following the 1976 joint 
audit (Table A.2; Figure 6). 

The northeast provinces differ significantly in their 
water sources. Liaoning is the only one of the three with an 
above-average percentage (46 percent) of irrigated area depen
dent on reservoirs (Table 12). It also has more outfitted pump 
wells (as of 1987) than the other two: 70,000 compared to 
55,000 for Heilongjiang and 39,000 for Jilin (Table i). If a 
command area of 70 mu is assumed for each outfitted pump 
well, 4 0 estimates of irrigation by source in the three north
east provinces can be completed (Table 12). 

Table 11 Irrigation by source in the northeast, 1987 

Province 

Total 
irrigated 

area 

Area Area 
irrigated by irrigated by 
reservoirs pump wells Residual 

(million mu) 
Heilongjiang 14.49 1.84(13) 4.33(30) 8.32 (57) 
Jilin 11.29 3.09 (27) 2.94 (26) 5.26 {47} 
Liaoning 14.67 6.88 (46) 5.61 (38) 2.38 (16) 

Sources: ZGNYNJ88,134, 367-71; ZGSL (October 1988, 38). 
Note: Figures in parentheses are percentages of total irrigated area. The residual column is calculated by deducting 
area irrigated by reservoirs and area irrigated by pump wells from total irrigated area. Data for total irrigated area 
arc from the MWR system. 
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Both Neimenggu and Ningxia rely largely on the Huang 
He for irrigation. In Neimenggu, about 70 percent of the irri
gated area is concentrated in the Hetao region of the Huang 
He and in the lower plains reaches of the Western Liao He 
(NNSZY 1982, 187).41 According to MWR figures, the Hetao 
Diversion Project at Sanshenggong commands approximately 
7 million mu [MWREP 1987, 32, 62-63). This is about one-
third the effectively irrigated area reported by the MWR, or 
45 percent of that reported by the SSB system (Table A . 5). 
Ningxia is even more heavily dependent on the Huang He, 
with 3 million mu of irrigated area managed by the Qingtong 
Gorge Reservoir on the river's mainstream (MWREP 1987, 
62]. Because of the predominance of the Qingtong, Ningxia 
leads all provinces in the percent of its irrigated area fed by 
reservoirs (73 percent) (Table 13). 

The Northwest (Shaanxi, Shanxi, and Gansu) 

The dry northwest shares many characteristics with the 
northeast. Like Neimenggu and Ningxia, the Huang He and 
its tributaries are important water sources in all three provin
ces, although groundwater, extracted by pump wells, is also 
significant in Shaanxi and Shanxi. Like the northeast region 
as a whole, most (71 percent) of the arable land in the north
west is not irrigated and that which is, is devoted largely to 
dryland crops. 

The most consistent and rapid increase in irrigated area 
over the three decades after 1949 was in Shaanxi. Although 
the Weibei region north of Xi'an has a long history of irriga
tion, Shaanxi as a whole had the smallest irrigated area of 
the northwest provinces during the 19 5 os. Gansu, which had 
the largest irrigated area in the early 1950s, stagnated until 
the mid-1960s and fell behind the other two. Shanxi, which 
began in 1949 with almost the same irrigated area as Shaanxi, 
developed more rapidly than the latter in the 1950s, but 
slowed down thereafter. From 1965 to 1975 the two prov
inces appear to have had virtually identical reported irrigated 
areas. Shanxi declined thereafter, perhaps because of statisti
cal readjustments stemming from the 1976 audit, while 
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Shaanxi continued to rise slightly during the late 1970s, peak

ing between 1979 and 1983 (MWR series]. 

All three provinces show a major jump in irrigated area 

between 1965 and the mid-1970s (Figure 7). As in the north, 

this would appear to be associated with the development of 

pump wells (Table 1). Using the 1985 national average figure 

of 70 mu per outfitted well,41 pump well-based irrigated area 

Table 13 Provincial rankings by reservoir command area and capacity, 1989 

Reservoir Storage 
effectively capacity 
irrigated Storage per 

area capacity irrigated 
Province (million mu) Province (km3) Province mu (m3) 

Hunan 23.45 Hubei 50.001 Jilin 9,583 
Hubei 22.05 Henan 49.376 Henan 4,734 
Jiangsu 17.63 Guangdong 44.602 Liaoning 4,148 
Guangdong 15.87 Zhejiang 33.433 Heilongjiang 3,418 
Sichuan 14.49 Liaoning 30.280 Zhejiang 2,880 
Xinjiang 13.99 Jilin 29.994 Guangdong 2,810 
Anhui 13.74 Hunan 29.122 Beijing 2,763 
Hebei 12.12 Jiangxi 23.147 Hubei 2,268 
Zhejiang 11.61 Guangxi 21.769 Tianjin 2,181 
Jiangxi 10.90 Shandong 19.201 Jiangxi 2,124 
Henan 10.43 Jiangsu 19.023 Neimenggu 2,102 
Guangxi 10.39 Anhui 18.130 Guangxi 2,095 
Shandong 10.25 Hebei 14.263 Gansu 2,036 
Liaoning 7.30 Sichuan 11.813 Guizhou 1,966 
Yunnan 6.09 Beijing 9.303 Shandong 1,873 
Shanxi 5.63 Gansu 8.552 Fujian 1,632 
Shaanxi 4.25 Fujian 6.837 Anhui 1,320 
Gansu 4.20 Yunnan 6.698 Hunan 1,242 
Fujian 4.19 Heilongjiang 6.630 Hebei 1,177 
Beijing 3.37 Neimenggu 5.970 Yunnan 1,100 
Ningxia 3.18 Xinjiang 5.755 Jiangsu 1,079 
Jilin 3.13 Guizhou 5.152 Shaanxi 1,008 
Neimenggu 2.84 Shaanxi 4.285 Sichuan 815 
Guizhou 2.62 Shanxi 3.932 Shanxi 698 
Heilongjiang 1.94 Tianjin 2.516 Ningxia 549 
Tianjin 1.15 Ningxia 1.746 Xinjiang 411 
Qinghai 0.59 Qinghai 0.201 Qinghai 341 
Xizang 0.00 Xizang 0.000 Xizang na 
Shanghai 0.00 Shanghai 0.000 Shanghai na 

Source: Calculated from data in ZGNYNJ^o, j88, 403- See Table A.17. 
na - Data not available. 
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estimates for that year are 8.4 million mu for Shaanxi, 5.4 
million mu for Shanxi, and 2.4 million mu for Gansu. These 
comprise 114 percent, 116 percent, and 44 percent, respec
tively, of the reported expansion in effectively irrigated area 
between 1965 and 1985. Thus pump wells in Shaanxi and 
Shanxi may have partially displaced or replaced other water 
sources, including shallow groundwater. 

Alternatively, the reports for pump-well irrigation could 
be exaggerated. Figures accompanying those presented in 
Table 4 show Shanxi's 9.01 million mu increase in guaran
teed irrigated area from 1965 to its peak in 1977 are divided 
among project types as follows: gravity irrigation districts, 
2.00 million mu ; wells, 3.19 million m u } (surface) pumping 
stations, 3.29 million mu ; and small-scale water facilities, 
0.53 million mu. The subsequent decline of more than 3 
million mu in guaranteed irrigated area by 1983 was simi
larly distributed across all sources (Chen 1987]. 

The year-to-year Shanxi data presented in Table 4 are 
interesting, not only for providing the only complete series 

 
  

  

 

 
 

 

 

 

     

Figure 7 Irrigated area trends by region: The northwest, 1949-91 
(Source: Ministry of Water Resources of the People's Republic of 
China). Years without observations filled in through linear extrapo 
lation. See figures in Table A.2 for 1949-79 and Tables A .3 -A .8 for 
1983-91-
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for guaranteed and actually irrigated area, but also because 
of the incompleteness of the series for effectively irrigated 
area. Effectively irrigated area figures for 1949 to 1964 are 
enclosed in parentheses, probably indicating that they are 
reconstructions, while no figures are presented for 1965-72. 
The presentation of "hard" numbers for guaranteed and ac
tually irrigated area in the earlier period may indicate that 
these were the categories used at that time by Shanxi's water 
resource authorities. The disruption of the Cultural Revolu
tion may explain the gap in effectively irrigated area reports 
after 1965. 

The East (Jiangsu, Hubei, Anhui, and Shanghai) 

The east spans the transition zone between rice-growing and 
nonrice-growing areas. It is relatively well developed economi
cally and agriculturally, especially in coastal Jiangsu and 
Shanghai. Except for Jiangsu, where the irrigated area has 
continued to grow in the 1970s and 1980s, the region's irri
gated area had stabilized by the early 1970s (see Figure 8). 

  
 

 

  
   

 

 

  

  

 

 
     

Figure 8 Irrigated area trends by region: The east, 1949-91 
(Source: Ministry of Water Resources of the People's Republic of 
China). Years without observations filled in through linear extrapo
lation. See figures in Table A.2 for 1949-79 and Tables A .3 -A .8 for 
1983-91. 
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Nearly two-thirds (64 percent) of the cultivated area in the east 
is irrigated, second only to the south. In Shanghai, virtually all 
farmland has been under irrigation [98 percent), all of it pow
ered by electricity. Anhui, an inland province with much of its 
territory in the north, is at the other extreme, with less than 
one-half the cultivated area irrigated. Yet this proportion is 
high compared to much of the rest of the country. 

Continuous series are available for both Anhui and 
Shanghai. The provincial yearbook for Anhui shows an un
usually smooth increase in irrigated area through 1979, with 
no sharp changes, after which a gradual decline is evidenced. 
(Only 1965 registered a year-to-year increase slightly in ex
cess of 10 percent.) This growth curve is suspiciously uni
form, undoubtedly the result of ex-post smoothing. The scat
tered figures we have from contemporary sources are much 
higher, especially but not exclusively in the late 1950s. They 
are also more erratic. Nevertheless, it is probable that the 
adjusted, smoothed figures are closer to the actual situation 
than the previous reports. Since southern Anhui lies in the 
historically developed rice-growing Jiangnan region, new ir
rigation is most likely to have been concentrated in the north, 
a poor region on the southern part of the North China Plain. 

During the Great Leap Forward, both Anhui and Hebei 
stressed the construction of reservoirs. Hebei is on the north
ern section of the Plain, with a flatter topography and a high 
water table. In Anhui, the key project was China's largest 
reservoir-based irrigation district (or integrated set of districts), 
the Pi-Shi-Hang. While Hebei also built reservoirs in its 
mountains, no single source has been as dominant, or as con
sistent, as the Pi-Shi-Hang. On the contrary, Hebei has turned 
to a mix of water sources and delivery systems, which have 
often proven unsustainable. 

Anhui, with its deeper water table, has benefited much 
less from pump wells. Since pump-well construction occurred 
in waves, the growth in Hebei's irrigated area, although more 
substantial over the long run than Anhui's, has also been 
more erratic. Until 1965, the two provinces had comparable 
irrigated areas; since 1966, Hebei's has been far greater. 
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Shanghai, China's most productive rice-growing delta, 
had a surprisingly low irrigated area in 1957, according to 
these figures. Growth is shown to be particularly rapid dur
ing the Great Leap Forward and in the difficult years imme
diately following it, when most provinces leapt backwards.43 

Shanghai then evidenced relatively moderate and steady [and 
statistically significant) expansion throughout the 1960s and 
the early 1970s. After peaking at 5.34 million mu in 1974-
77, irrigated area declined slowly but consistently. Since vir
tually all (96-99 percent) of Shanghai's cultivated area is irri
gated, this decline is directly associated with a reduction in 
agricultural land. 

The South (Guangdong, Zhejiang, and Fujian) 

Dominated by rice culture, the three southern provinces have 
the highest irrigation-to-cultivation ratio of the seven regions 
(72 percent). Unlike the northern dryland regions, they have 
shown few remarkable changes in irrigated area since 1962 
(Figure 9). Between the Great Leap Forward endpoints of 1957 

  

  
  

 

 

    

 

 

     

Figure 9 Irrigated area trends by region: The south, 1949-91 
(Source: Ministry of Water Resources of the People's Republic of 
China). Years without observations filled in through linear extrapo
lation. See figures in Table A.2 for 1949-79 and Tables A .3 -A .8 for 
1983-91. 
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and 1962, irrigated area increased by 17 percent (Guangdong) 
to 24 percent (Fujian), but in Guangdong and Zhejiang this 
was, to some extent, a recovery from a previous decline. 

The Southwest (Hunan, ]langxl, Guangxi, Yunnan, and Guizhou) 

In the southwest, the development pattern of Hunan and 
Jiangxi as described by MWR statistics has been similar to 
that of the south: irrigated area is high (now 83 percent and 
77 percent of cultivated area) and stable (except for an un
usually low 1949 figure). The reason is the same as for the 
south: the traditional dominance of rice culture. Jiangxi 
showed more of an upward trend in the 1952-62 period, but 
like Hunan and unlike more northern provinces, experienced 
a decline in the 1965-72 period. Irrigated area in the other 
three provinces increased during that time. The pattern of 
irrigated area development for all five southwest provinces 
was similar during the 1970s (Figure 10). They enjoyed steady 
increases until 1976, followed by stability or decline, the lat
ter perhaps an outcome of the audit. 
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Figure 10 irrigated area trends by region: The southwest, 1949-91 
(Source: Ministry of Water Resources of the People's Republic of 
China). Years without observations rilled in through linear extrapo
lation. See figures in Table A.2 for 1949-79 and Tables A .3 -A .8 for 
1983-91. 
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Agriculture in Guangxi, Guizhou, and Yunnan is less 
dependent on irrigation than in Hunan and Jiangxi. In the 
latter two, dryland dominates. In Yunnan, a significant 
amount of rice is grown without irrigation. As a region, the 
southwest relies heavily on reservoirs and less on power for 
its irrigation. 

The West (Sichuan, Xinjiang, Qinghai, and Xizang) 

Agriculture and irrigated area in the west are concentrated 
in two provinces, Sichuan and Xinjiang. Over the past three 
decades total MWR irrigated area and its long-term pattern 
of development have been roughly the same in each, but with 
a number of shortrterm differences (Figure n). Unlike most 
of China's other provinces, both had their most rapid growth 
during the 1950s. Since then, Sichuan's irrigated area total 
has fluctuated above and below the more stable total for 
Xinjiang, where agriculture is much more dependent on irri
gation. At 89 percent, Xinjiang's irrigation-to-cultivation ra
tio is second only, to that of Shanghai, while less than one-
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Figure 11 Irrigated area trends by region: The west, 1949-91 
(Source: Ministry of Water Resources of the People's Republic of 
China). Years without observations filled in through linear extrapo
lation. See figures in Table A.2 for 1949-79 and Tables A .3 -A .8 for 
1983-91. 
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half (43 percent) of Sichuan's farmland is irrigated. Xizang 

irrigates 5 5 percent of its farmland, while most of Qinghai, 

on the upper reaches of the Huang He and the Chang Jiang 

(Yangtze), is dryland. Irrigated area in Qinghai, as in Xinjiang 

and Sichuan, increased rapidly during the 1950s but has since 

remained largely stable. The record for Xizang does not ex

tend into the 1950s. 

The west is the region most dependent on gravity irri

gation. Sichuan, with the greatest reliance of the four on 

power, at 20 percent of irrigated area, is well below the na

tional average on this dimension (Table 14). 

T H E 1 9 6 0 s D E C L I N E A N D R E C O V E R Y O F I R R I G A T E D A R E A 

Much concern was registered both from within China and 

by outside observers about the decline in irrigated area dur

ing the 1980s. For example, 

A new compulsory labor service system is being introduced 
in China's rural areas to organize farmers to repair and im
prove old water facilities. 

The system is part of the national effort to step up produc
tion by increasing irrigated farmland, which shrank by an 
annual average of nearly 200,000 hectares (3.0 million mu] 
between 1981 and 1985 and by 62,000 hectares (930,000 mu] 
in 1986. (Nie 1987, 1) 

Water conservancy facilities in rural areas are falling into 
disrepair. Since the implementation of the responsibility 
system, farmers who were once organized have been scat
tered and are fully occupied with farming on the patches of 
land contracted to them. Not enough capital and workers 
can be mobilized to repair the old and build new facilities. 
This will pose a threat to agricultural production in the fu
ture. [ C h i n a D a i l y 1989a) 

Sichuan used to have a good irrigation network. However, 
these water conservancy works have not been given enough 
attention and proper management has been difficult since 
the province adopted a contract system in farming and mass 
irrigation projects. [ C h i n a D a i l y 1989b) 

Water conservancy . . . has been neglected in recent years, 
resulting in a decrease in irrigated farmland. 
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More than 930,000 hectares of irrigated farmland have been 
lost since 1980, according to Li Boning, former Vice-Minis
ter of Water Resources . . . . 

If the State fails to attach more importance to water conserv
ancy, the consequences could be unimaginable, he warned. 
(Li and Gao 1989) 

Irrigation works are not being maintained, and here and there 
some of the Yangtze dike system are crumbling into the 
water. (Feldman 1987, 4) 

Table 14 Provincial ranking by extent of power irrigation, 1989 

Province 

Power 
irrigated 

area as % of 
irrigated 

area Province 

Electric power 
as % of 

irrigated area Province 

Electric power 
as % of power 
irrigated area 

Tianjin 100.0 Tianjin 91.0 Beijing 99.9 
Hebei 91.6 Beijing 84.6 Sichuan 97.3 
Jiangsu 90.3 Liaoning 72.1 Shaanxi 95.6 
Liaoning 89.0 Shanxi 69.1 Yunnan 95.5 
Shandong 87.7 Jiangsu 64.9 Ningxia 95.2 
Beijing 84.7 Zhejiang 63.0 Shanxi 94.8 
Jilin 77.9 Shaanxi 59.7 Gansu 94.0 
Zhejiang 75.5 Hebei 57.8 Tianjin 91.0 
Shanxi 72.9 Anhui 53.3 Guizhou 87.1 
Henan 72.9 Jilin 48.7 Zhejiang 83.4 
Anhui 72.0 Neimenggu 45.6 Guangdong 83.1 
Shaanxi 62.5 Shandong 40.4 Qinghai 81.5 
Hubei 61.9 Henan 37.6 Liaoning 81.0 
Neimenggu 61.6 Hubei 35.2 Neimenggu 74.1 
Heilongjiang 55.0 Gansu 33.6 Anhui 74.1 
Hunan 49.2 Hunnan 33.0 Jiangsu 71.9 
Gansu 35.7 Guangdong 26.5 Jiangxi 69.8 
Guangdong 31.9 Heilongjiang 23.6 Hunnan 67.0 
Sichuan 22.1 Sichuan 21.5 Xinjiang 65.2 
Jiangxi 22.0 Ningxia 20.5 Hebei 63.1 
Ningxia 21.5 Jiangxi 15.3 Jilin 62.5 
Fujian 19.7 Yunnan 13.9 Guangxi 56.9 
Guangxi 18.8 Guangxi 10.7 Hubei 56.9 
Yunnan 14.5 Fujian 10.2 Fujian 51.7 
Xinjiang 11.3 Guizhou 9.8 Henan 51.5 
Guizhou 11.3 Qinghai 8.8 Shandong 46.0 
Qinghai 10.8 Xinjiang 7.4 Heilongjiang 42.9 
Xizang 5.5 Xizang 0.0 Xizang 0.0 

Source: Calculated from data in ZGNYNJ90, 388,403- See Table A.17. 
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A State Council office communique, which reported 
on a legal document promulgated on 17 October 1985 
(ZHFG49-85, 394-97), declared that the irrigated area had 
fallen by 7.31 million mu between 1981 and 1984. The chief 
reasons given for the decline were a slackening in leader
ship, inadequate operation, maintenance, and repair, aging 
and "ailing" projects, and destruction by human agency. The 
communique called for remedial action. 

Behind these factors were the widespread replacement 
of collective (production team) field management by the 
household "production responsibility system"; the concomi
tant elimination of the work point system, a low-cost, easily 
administered means of mobilizing rural labor for construc
tion and maintenance (Nickum 1978); a severe cutback in 
the budget allocated to project construction and maintenance 
beginning in 1980; the aging of a large number of projects, 
especially reservoirs built in the late 1950s and pump wells 
dug in the late 1960s and 1970s; and the occupation of farm
land for n onagri cultural purposes following growth in the 
industrial, commercial, and residential sectors of the 
economy. 

Certainly growth in the overall irrigated area paused in 
the late r970S and 1980s. Nonetheless, the published figures 
presented here indicate that the claims of the communique 
and the press of a perilous drop in irrigation capability should 
be considered with caution. 

Specifically, the amount of decline claimed in the com
munique is just over 1 percent of the total irrigated area in 
three years, not in itself very significant. The 14-15 million 
mu drop for 1981-86 implied in the 1987 Nie report is about 
2 percent of the total. The 1986 figure cited, 930,000 mu, is a 
significant deceleration in the rate of decline compared with 
the immediately preceding years. 

Second, SSB reports show a total net decline of less than 
2 million mu (from 668.6 million mu to 666.8 million mu) 
between 1981 and 1984, followed by a further drop of 
6,256,000 mu in 1985 (to 660.5 million mu) but an increase 
of 2.85 million mu in 1986, followed by an additional 2.66 
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million mu in 1987 (Table A.I) . The 1983 SSB total was actu
ally greater than the 1981 figure, indicating that while there 
may have been a downward trend, it was certainly not a steady 
one. More recently, SSB reported a 1989 total which was the 
highest in the 1980s (673.76 million mu) (see Table A . I ) . 

The claims of the communique and Nie would appear 
therefore to be based on MWR data.44 Unfortunately, we do 
not have the national MWR totals for 1981. Each of the three 
years after 1983 showed a decline, however, with a total drop 
of 10.1 million mu (1.4 percent) by 1986. Consistent with 
Nie's report and the SSB totals, most of this fall occurred in 
1985, the year the communique was issued. 

Finally, the decline in irrigated area reported by the SSB 
was considerably more rapid before 1981 than thereafter, fall
ing from 675.3 million mu in 1977 to 668.6 million mu in 
1981 (Table A.I) . Actually, after reaching a nadir in 1985, both 
MWR and SSB national figures increased steadily, with only 
minor slippage in 1988. This modest decline, 390,000 mu 
(SSB) or 790,000 mu (MWR), can hardly have been adequate 
cause by itself for the alarms of 1989. 

In October 1989, the State Council issued a resolution 
on on-farm water control construction that provided for in
creases in funding and corvee obligations devoted to irriga
tion (ZGSLNJ90, 25-27). The 1989 effectively irrigated area 
statistics jumped.by about 1 percent over those of 1988. In 
the two years since then, MWR figures have increased slightly 
and those published by the SSB have risen considerably. As 
noted earlier, the leap forward among the SSB data is prima
rily a paper phenomenon, due to further unification at the 
provincial level in favor of the MWR figures. 

Sources of Decline: A 1984 Survey 
One of the complexities in evaluating statements of decline 
in irrigated area is that some land naturally goes out of irri
gation each year. To keep total irrigated area relatively con
stant, therefore, an equivalent amount of new land has to be 
brought under irrigation. Thus it is possible that China's lead
ers were basing their dire warnings, at least in part, on changes 
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in the amount or quality of the land going out of irrigation. 
For example, if fertile suburban land were being replaced by 
remote marginal plots, then net irrigated area would have to 
increase in order to prevent net agricultural decline. Unfor
tunately, the standard categories do not shed much light on 
the significance of this effect. 

Table A . 18 does show rare MWR figures on the causes 
of decline in irrigated area in 1984, 1989, and 1990. Clearly, 
however, specific figures are very approximate. For example, 
in 1984 seven provinces reported no irrigated land was lost 
to construction, while Sichuan, Qinghai, Xinjiang, and Anhui 
attribute all or most of their declines to "other causes." 

Nonetheless, a number of conclusions can be drawn 
from the 1984 survey. First, one-sixth of the reported decline 
was a purely statistical adjustment, related to "water (sources) 
being inadequate or absent for a long time." 

Second, an additional 35 percent of the reported decline 
stemmed from pump wells becoming inoperative, or inop
erative wells no longer being reported as operating. Most (56 
percent, or 3.2 million mu) of this was in the single province 
of Hebei, which also reported more than one-fourth of the 
total national decline. Given the concentration of pump wells 
on the North China Plain, it is interesting that the province 
reporting the second greatest loss in pump well area 
(Heilongjiang, 750,000 mu) is not located in north China. 

Institutional change may, indeed, have been a factor in 
accelerating the demise of many wells, through inadequate 
specification of ownership and use rights, for example, lead
ing to overuse and neglect of maintenance. But it is not all 
that clear that these problems are any more salient now than 
under the previous collective management system (Nickum 
1988, 90-91). One indication that the decline in pump well 
irrigated land was more technical (due to age) than institu
tional in origin is that the area irrigated by other sources and 
reported as inoperative accounted for less than one-half that 
by pump wells (14 percent). This includes loss due to dam
age of installations. 

Third, despite much publicity in the press concerning 
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the loss of farmland to residences and industry, only 5 per
cent of land was reported as occupied by construction. Much 
more may be hidden in the 30 percent covered by "other 
causes," however. 

Finally, the reported extent of decline varied consider
ably from province to province, both in total and by cause. 
Heilongjiang reported a single-year drop of 11.3a percent; 
Jiangxi, only 0.25 percent. In general, irrigated area fell more 
in predominantly dryland provinces than in those growing 
mostly rice, indicating the relative fragility of irrigation in 
the former. There are some important exceptions, however: 
Anhui, Sichuan, Shanghai, and Guizhou all had above-aver
age declines, while Xinjiang, Qinghai, Henan, Beijing, and 
Shanxi were below average. 

Declines due to construction were concentrated in 
Beijing, Tianjin, and Shanghai; those due to inoperative pump 
wells, in the northeast and north (especially Hebei); and to 
deliberate destruction in Guizhou, Guangxi, Jiangxi, Gansu, 
Guangdong, Shanxi, and Shaanxi. Xinjiang, Qinghai, Sichuan, 
Fujian, Anhui, and Hunan all attributed more than one-half 
of their losses to "other causes." Damage by human agents 
may also have constituted a significant share of the 
unattributed causes, considering the pattern established by 
provinces that provided a more detailed breakdown. 

The first two. C h i n a Water Resources Yearbooks have 
published breakdowns of sources of decline in 1989 and 1990 
using categories identical to 1984, indicating that these fig
ures have probably been gathered for a number of years for 
internal purposes. While there is considerable year-to-year 
variation in total levels and in breakdowns within certain 
provinces, the overall orders of magnitude attributed to dif
ferent sources have not changed. This indicates that the pri
mary causes for decline are aging (especially of tubewells) 
and unsustainable uses. While there may be cause for con
cern in these areas, diversion of land for other uses, such as 
construction, is apparently far from the most significant fac
tor behind reductions in irrigated area. 
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Province-Level Trends: Regression Results 
The available data therefore do not show a clear nationwide 
trend of decline in irrigated area. Instead, there is much varia
tion over time and space. In a period as short as the 1980s 
decade, endpoint bias may be significant. With complete SSB 
data from 1980 to 1987, it is possible to calculate time series 
regressions by province. The results are presented in Table 
15 and Figure 3. A simple linear regression fits as well as or 

Table 15 Provincial growth rates of effectively irrigated area, 
1 9 8 0 - 8 7 

Trend growth rates 
Province (%/year) 

Guizhou 2.68 * 
Hunan 2.15 " 
Jiangxi 1.67 * * 
Heilongjiang 1.37 
Ningxia 1.27 ' " 
Yunnan 0.99 * * * 
Fujian 0.82 
Xinjiang 0.56 * * 
Jiangsu 0 . 5 4 " 
Qinghai 0.46 * 
Shandong 0.36 * 
Liaoning 0.25 
Hebei -0.01 
Beijing -0.14 
Jilin -0.16 
Shaanxi -0.20 
Zhejiang -0.25 ' 
Gansu -0.42 * * * 
Shanxi -0.64 * *' 
Hubei -0.92 " * * 
Neimenggu -0.99 
Shanghai -1.04 '*" 
Henan - 1 . 1 0 " 
Sichuan -1.77 * " 
Guangdong -1.78 *' * 
Tianjin -1.78 * " 
Anhui -2.22 ' * * 
Xizang -2.50 * 
Guangxi -5.10 

Source: Calculated from data in Table A.I I. 
Note: Estimated by dividing regression coefficients derived from ordinary least 
squares estimation by mean values of the sample. Levels of confidence used are 
90%r),95%l"l, and 99%C"). 
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better than a log-linear, regression, indicating the general ab
sence of a cumulative trend over the period. 

Over these seven years, twelve of China's twenty-nine 
provinces showed an upward trend in irrigated area. Of the 
remaining seventeen provinces where the irrigated area 
showed a tendency to decline, the drop was less than i per
cent per year in ten and statistically different from zero (at a 
95 percent level of significance) in nine. If 1981 is used as the 
base, following the communique, the negative trend is slightly 
less widespread, with only sixteen provinces showing de
clines, nine of them significant at 95 percent. 

So Why the Concern? 
Of more concern to Chinese policy makers than the magni
tude of decline per se seems to be the pattern of decline (es
pecially in the north) and the lack of increase in irrigated 
farmland. Until the mid-1970s, irrigated area naturally in
creased from year to year. Irrigation is seen as a principal 
means of ensuring increases in food production. This is com
monly translated into a felt need to increase the area under 
irrigation, to as much as 930 million mu in the year 2000 
(Liu 1984, 69) in order to produce a targeted 500 million met
ric tons of grain in that year. 

This concentration of attention on irrigated area per se 
indicates either that people take the category too seriously 
or that they have a gloomy assessment of alternatives such 
as more intensive or effective irrigation or better use of other 
inputs. Consideration of these alternatives poses a problem 
in economics that irrigated area statistics per se are not very 
useful for analyzing. 

Also, pointing to the decline in irrigated area is a way 
of calling attention to problems in the water sector. It can be 
used to exhort farmers to cooperate more in project construc
tion and operation. More important, as implied in the quote 
from the former Vice-Minister of Water Resources cited ear
lier in the chapter, it can be used as a means of lobbying for 
increases in government funding for water-related projects 
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that go well beyond irrigation. The sharper decline shown by 
the MWR data serves these ends better than the tips and 
downs of the SSB series. 

The Recovery 
State allocations of funds to water investment jumped after 
1986. As already noted, both the SSB and MWR effectively 
irrigated area totals have increased. By 1991, the MWR fig
ure was higher than all previous years except for 1982, 1983, 
and possibly 1980 and 1981, for which published figures are 
not yet available (Table A.I) . The SSB total was at a record 
level, not counting 1958, but, as noted, this was due to the 
1990 adjustment and possibly a further consolidation in 1991. 

Longer-term provincial level trends shown by regres
sion analysis for the years 1980-91 indicate significant de
clines in effectively irrigated area (more than 1 percent per 
year with a 99 percent confidence level) only in the most 
rapidly developing, heavily urban coastal provinces of 
Guangdong, Tianjin, and Shanghai. While this is a natural 
reflection of a shift in the economic structure under rapid 
growth, there is some indication that the "quality" of irri
gated area may be declining as high-yielding multiple crop 
fields in coastal regions go out of irrigation and less produc
tive single-crop fields in inland regions are added to the to
tal. Thus those who wish to worry may still have cause to 
worry, but they would make a better case by appealing to 
indices other than national irrigated area. 

S U M M A R Y 

One of the main messages of this section, and a. principal 
subtheme earlier, is that national trends in irrigated area are 
dominated by what is going on in individual provinces or 
regions. In fact, there is rarely a geographically consistent 
nationwide trend. For example, as noted earlier, the wartime 
decline prior to 1949 was concentrated in Sichuan, Yunnan, 
and Guizhou. Post-1949 "restoration" to the prewar national 
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aggregate actually appears to have involved net increases in 
other parts of China, as those three provinces continued to 
lag in recovery. 

To demonstrate the necessity to look beneath the na
tional numbers, this section delineated intertemporal trends 
in irrigated area by region. The north relies heavily on pump 
wells installed during the 1960s and 1970s. Irrigation is much 
less significant in the northeast and northwest, and its de
velopment has been erratic. The east, spanning the transi
tion zone between rice and nonrice areas, has a varied but 
generally highly developed irrigation, much of it originating 
in the 1950s and 1960s. The rice-dominant south has shown 
few remarkable changes in irrigated area since 1961. The 
southwest exhibited much variation among provinces before 
1970, general increases during the early 1970s, and stability 
or decline since. Most of the increase in irrigated area in the 
west, dominated by development in Sichuan and Xinjiang, 
was in the 1950s. 

To demonstrate some of the uses and possible abuses 
of aggregate irrigated area statistics, this section dwelt on 
the perceived decline in total irrigated area in the early 1980s, 
which caused much concern among officials. In actuality, 
there was no demonstrably clear, nationwide downward trend 
at that time. There was great variation among provinces, 
however, with many actually showing an upward trend dur
ing 1980-87. 

Further, and more fundamentally, many other problems 
of definition and interpretation bring into question the sta
tistical basis for claiming a decline at all. For example, about 
one-half of the drop in 1984 can be attributed to statistical 
adjustments such as deleting inoperative wells and land that 
had failed to receive water for a long time. In recent years, 
even MWR total irrigated area figures have increased slightly, 
and the alarm among public officials and the media has 
abated. But without more economically meaningful data, it 
is hard to assess this turnaround in numbers. 

A century ago, Otto von Bismarck, the first chancellor 
of Germany, is reputed to have likened politics to sausage— 
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you can enjoy the final product more if you don't know much 
about how it was made. Perhaps one should not question too 
closely what goes into the preparation of irrigated area sta
tistics. Having done so, however, it is necessary to consider 
in the concluding section the implications for those who wish 
to work with these numbers. 

S U M M I N G U P China's irrigated area statistics rank among the world's most 
W I T H I M P E R F E C T comprehensive, consistent, frequently reported, and, presum-
M E A S U R E S a bly accurate data. Nonetheless, they are prone to many prob

lems of definition and agency bias, which China shares with 
the rest of the world45 and which pose a number of difficul
ties to the outside analyst and, probably, the governmental 
decision maker. 

In particular, command area figures such as "effectively 
irrigated area" are the most widely used, presumably because 
their measurement costs are the lowest, not requiring exten
sive out-of-office investigations. Yet they are also probably 
the least useful measure of the importance of water in pro
ducing actual crops in particular cropping seasons. 

Command area figures do not measure the area actu
ally irrigated in a given year (still less a given cropping sea
son). They do not indicate the degree of crop moisture defi
ciency or how well it is met. They say nothing about the 
types of crops or the technical or economic efficiency of ap
plication. Unirrigable land is carried on.the books for a long 
time because facilities are no longer functioning (or never 
did work) or water is no longer available—and audits are in
frequent. 

Agencies delivering water tend to overstate their reach, 
while farmers and village-level form fillers may downplay 
irrigation capacity, to keep the tax collectors at bay. These 
countervailing biases are reflected in the reports of the MWR 
and SSB systems, respectively. It is impossible, and probably 
not all that meaningful, to declare one series superior to the 
other. When the figures are "unified" at the provincial level, 
as they are in about one-third of the cases, neither system's 
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data appear consistently to dominate the unification. What 
the unification process does do, however, is to further com
plicate interprovincial comparability within each system. 

One response to problems in interpreting effectively 
irrigated area, especially within the Ministry of Water Re
sources, has been to assemble a number of other data series, 
such as "actually irrigated area," "stable, high-yield fields," 
"guaranteed irrigated area," and numbers and capacities of 
specific kinds of water sources and delivery systems. At the 
project level, exemplified by the People's Victory Canal, more 
detailed, project-specific series are maintained. These have 
their own problems of measurement, some but not all orga
nizationally determined, and make comparability even more 
difficult. 

The original purpose of this research was to assemble a 
set of figures as complete and consistent as possible from 
among those reported for irrigated area in post-1949 China. 
A second purpose was to discuss the problems of measure
ment entailed in compiling irrigated area statistics, especially 
but not exclusively in the Chinese context. A third and sub
ordinate purpose was to explain how the figures have been 
used in policy formation, and how they can be used for ana
lytical purposes. 

In general, the primary utility of these numbers to an 
outside analyst is probably to explain water-related policy 
decisions in China, and to track roughly trends in irrigated 
area at a provincial or regional level. Richer explanations re
quire disaggregation below the national level, use of mea
sures supplemental to those primarily associated with com
mand areas, and, most important, full consideration of what 
the figures mean and how they came to be. 
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Bases for Grouping Provinces 

To analyze its irrigated area, China can be partitioned in a 
number of ways. Three are considered in this appendix, in 
decreasing order of aggregation. The most fundamental divi
sion in China is between areas where rice-growing bunded 
fields predominate and those where dryland crops, especially 
wheat and maize, are the principal crops. Another method is 
to divide the country by the frequency of the natural mois
ture deficit (discussed on 21 ff.) into those areas where irriga
tion is always necessary (perennial), often necessary (un
steady), and primarily supplementary. 

For most purposes in this monograph, and especially in 
examining more closely the differences in development pat
terns within China, a more detailed breakdown into seven 
regions was adopted. Because provinces are the basic report
ing unit considered in the monograph, these regions consist 
of groups of provinces with similar geographical and irriga
tion characteristics. While within-group variation remains 
considerable, it is generally less than between groups. Re
gional grouping allows a broader perspective than that which 
is obtained from simply tracking each individual province. 

BY T Y P E OF I R R I G A T I O N 

The sharpest division in China's irrigated agriculture is be
tween bunded field and irrigated dryland. Provinces are ei
ther predominantly dryland, although dryland crops are of
ten grown in bunded fields during the nonrice season. Be
cause provincial farm area is rarely broken down by bunded 
field and dryland on a comparable nationwide basis, it was 
necessary to use the reconstructed 1978 data in Table A.16 to 
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subdivide China's provinces according to the percent of irri
gated area in bunded fields. 

Predominantly Bunded Field 

• More t h a n 90 p e r c e n t : Sichuan, Hunan, Guangdong, 
Jiangxi, Fujian, Guizhou, Guangxi, Zhejiang, and 
Yunnan (9 provinces) 

• More t h a n 70 p e r c e n t : Ningxia, Shanghai, Hubei, 
Jiangsu, and Anhui ($ provinces) 

Predominantly Dryland 

• F r o m 30 t o 4 0 p e r c e n t : J i l i n , Liaoning, and Heilongjiang 
(3 provinces) 

• Prom 10 t o 20 p e r c e n t : Shaanxi, Beijing, and Henan (3 
provinces) 

• Under 10 p e r c e n t : Tianjin, Shandong, Hebei, Xinjiang, 
Shanxi, Gansu, Neimenggu, Qinghai, and Xizang (9 
provinces) 

The breakdown between bunded field and dryland prov
inces is also a division between north and south, with only 
two exceptions: Ningxia, which has bunded fields along the 
Yellow River; and Xizang (Tibet), which is too dry for bunded 
field crops. There is unlikely to have been any change in the 
classification of any province, especially between the two 
macrocategories, since 1978. 

BY I R R I G A T I O N R E Q U I R E M E N T 

The Ministry of Water Resources divides China into the fol
lowing three zones, according to the need for irrigation: 

• P e r e n n i a l I r r i g a t i o n Z o n e : Northwest China, includ
ing the middle reaches of the Huang He; 

• Unsteady I r r i g a t i o n Z o n e : Huang-Huai-Hai Plain and 
northeast China; and 

• S u p p l e m e n t a r y I r r i g a t i o n Z o n e : Middle and lower 
reaches of the Chang Jiang, Zhu Jiang, and Min Jiang, 
and part of southwest China (MWREP 1987, 17). 
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Provinces with growing areas primarily in the peren
nial irrigation zone (where average annual precipitation is 
below 400 mm) are Xinjiang, Ningxia, and Neimenggu. Those 
primarily in the unsteady irrigation zone (with annual pre
cipitation between 400 mm and 1,000 mm) are Heilongjiang, 
Jilin, Liaoning, Hebei, Beijing, Tianjin, Shanxi, Shandong, 
Shaanxi, Henan, Yunnan, Qinghai, and Xizang. The supple
mentary irrigation zone (where annual precipitation exceeds 
1,000 mm) comprises all or the bulk of the cultivated area of 
Sichuan, Hubei, Hunan, Jiangxi, Shanghai, Zhejiang, Fujian, 
Guangdong, Guangxi, and Guizhou. Gansu has cultivated 
land in both the perennial and unsteady zones, while Anhui 
and Jiangsu straddle the unsteady and supplementary zones. 

BY R E G I O N 

A more disaggregated classification, based on geographical 
groupings of provinces, is by the following seven regions: 

1. The n o r t h : Beijing, Tianjin, Hebei, Shandong, and 
Henan (5 provinces) 

2. The n o r t h e a s t : Neimenggu, Liaoning, Jilin, Heilong
jiang, and Ningxia (5 provinces) 

3. The n o r t h w e s t : Gansu, Shaanxi, and Shanxi (3 prov
inces) 

4. The east: Shanghai, Jiangsu, Anhui, and Hubei (4 
provinces) 

5. The south:Zhejiang, Fujian, and Guangdong (3 prov
inces) 

6. The southwest: Jiangxi, Hunan, Guangxi, Guizhou, 
and Yunnan (5 provinces) 

7. The west: Sichuan, Xinjiang, Qinghai, and Xizang (4 
provinces) 

These are divided roughly according to geographical 
location and type and level of irrigation development. 
Neimenggu and Ningxia are included in the northeast be
cause of similarities in irrigation and to mitigate difficulties 
caused by boundary changes. 





Note on Neimenggu and Jilin 
Boundary Shifts 

In July 1969, substantial portions of eastern and western 
Neimenggu (Inner Mongolia) were ceded to Heilongjiang, 
Jilin, Liaoning, Gansu, and Ningxia. These areas were re
turned to Neimenggu in July 1979. 

Threemeng (leagues), corresponding to prefectures, and 
three additional q i (banners), corresponding to counties, were 
transferred back and forth on those two dates (ZRGXQJ1980, 

•IS): 

Hulun Buir Meng: to and from Heilongjiang 
Jirem Meng: to and from Jilin 
Ju Ud Meng: to and from Liaoning 

Ejin Qi: to and from Gansu 
Alxa Zuo Qi: to and from Ningxia 
Alxa You Qi: to and from Gansu 

Of all these, the only one containing significant irri
gated agricultural lands is Jirem Meng, which encompasses 
the western Liao River Plain. This Plain is the second largest 
irrigated region in Neimenggu, containing 20 percent of the 
autonomous region's irrigated area. The largest region, the 
Hetao Plain, has 44 percent (NNSZY 1982, 188-89). 

Recently, provincial yearbooks have been published for 
Jilin, Heilongjiang, Liaoning, and Ningxia, all of them with 
effectively irrigated area numbers for 1978, which have been 
adjusted for the 1979 boundary shifts (see Table A. 12). A com
parison of these figures with the apparently unadjusted ones 
in the C o m p e n d i u m of C h i n a ' s A g r i c u l t u r a l G e o g r a p h y 
(ZGNYDL1980) indicates significant transfers from both Jilin 
(3.89 million m u ) and Liaoning (4.04 million m u ) and much 
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smaller ones from Heilongjiang (0.34 million m u ) and Ningxia 
(0.21 million mu). 

The transfer from Liaoning is more statistical than real, 
however. The implied total transfer from other provinces to 
Neimenggu would be 8.48 million mu, not counting Gansu, 
making a total of at least 18.25 million mu for Neimenggu's 
1978 irrigated area using current boundaries. Subsequent SSB 
data [e.g., 16.56 million mu for 1980) indicate that while not 
impossible, this figure is probably 1-2 million mu too high 
(Table A.II). 

The problem probably lies in the data series for 1978 
used by the Chinese Academy of Sciences (CAS). That series 
appears to be either from the MWR system or one using simi
lar bases. Published figures for 1983 and 1985 (Tables A.3 and 
A.4) indicate that MWR data are systematically higher than 
those of the SSB for most provinces. While irrigated area fig
ures from the two systems are the same in Jilin, indicating 
they are "unified" at the provincial level there, they 
are substantially different for Neimenggu, Heilongjiang, 
Liaoning, and, to a lesser degree, Ningxia. 

Using the average disparities for 1983 and 1985 to ad
just the CAS figures appears to overcorrect, however. The 
resultant figures (for Liaoning, 12.27 million mu} for Hei
longjiang, 6.61 million mu ; for Ningxia, 3.19 million mu} 

and for Neimenggu, 6.73 million mu) imply net transfers from 
Neimenggu to each of the indicated provinces, except Jilin. 
Clearly, even with the relatively abundant data base avail
able in the early 1990s, no precise estimate can yet be made 
of the effects of these boundary shifts on the distribution of 
irrigated area. 
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Supplementary Tables 

Table A.I National irrigated area figures, 1400-1991 

Irrigated area 

State 
Statistical 

Bureau 

Ministry 
of Water 

Resources 

Year ZGTJNJ Earlier ZGSLNJ Earlier 
Other 

sources 

As Percent 
of 

cultivated 
area 

Per 
rural 

capita 

1400 
Early 1930s 
1932 
1949 

1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 

1962 
1965 
1970 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 

299.38 

410.08 

458.18 
495.82 

(million mu) 

240.00 238.93 238.93 

250.00 
280.00 
320.00 
330.00 
350.00 
370.00 
480.00 
520.00 

1,000.00 

674.48 
675.05 

540.00 

649.25 
681.95 
675.32 
674.48 
675.05 

290.03 317.37 

375.07 

430.45 
480.54 

691.81 

720.80 
724.78 

410.81 

461.16 
480.54 

6 0 9 . 6 7 
660.00 
657.16 
713.95 
681.95 
722.80 
726.83 
724.42 

130.00 
398.00 
320.00 

639.00 

35.0 
27.0 

16.3 

17.9 

22.4 

27.9 
30.9 

46.3 

48.3 
48.6 

\mu) 
(2.00) 
(0.80) 

0.59 

0.69 

0.77 
0.80 

0.89 

0.89 
0.89 
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Table A.I (continued) 

Irrigated area 

State Ministry As Percent 
Statistical of Water of Per 

Bureau Resources Other cultivated rural 

Year ZGTJNJ Earlier ZGSLNI Earlier sources area capita 

(million mu) [mu] 

1980 673.32 673.32 
1981 668.61 668.61 
1982 662.65 662.65 729.95 49.4 0.87 
1983 669.66 669.66 728.19 728.19 49.4 0.87 
1984 666.80 666.80 726.00 726.00 49.4 0.87 
1985 660.54 660.54 718.99 718.99 49.4 0.86 
1986 663.39 663.39 718.09 718.09 49.7 0.80 
1987 666.05 666.05 719.50 719.50 50.0 0.84 
1988 665.64 665.64 718.71 718.71 50.0 0.83 
1989 673.76 673.76 725.06 50.5 0.83 

1990 711.04 711.04 725.84 725.84 50.6 0.81 
1991 717.33 717.33 726.99 51.2 0.82 

Sources: The State Statistical Bureau (SSB) figures under the column ZGTJNI for 1951, 1957, 1961, 1965, and 1978-
9oarefromZGTJNj9i, 331. The 1991 figure is from ZCTJNJ92, 343. The earlier SSB figures are from SSB (i960, 
130); for 1975, 1977, 1978, and 1979, from ZGNYJJ81, 133. 

The Ministry of Water Resources (MWR) figures under the column ZGSLNJ are from ZGSLNJ91, 653. The earlier 
MWR figures for 1949, 1952, 1957, 1 9 6 1 , 1965, and 1971-79 are from a table provided by the Planning Office of the 
Ministry of Water Resources. The figure for 1983 is from ZGSL March 1985, 33,-for 1984, ZGSLJune 1986, 34; for 
1985, ZGSL November 1986, 31; for 1986, ZGSL July 1987, 28; for 1987, ZGSL October 1988, 38; for 1988, ZGSL 
July 1989, 37. 

The estimates from other sources for 1400 and the early 1930s are from Perkins (1969, 64,116,115,136). Perkins' 
irrigated area figures for the early 1930s are from Buck (1937). Buck's data do not include some outlying regions (a 
downward bias), and may be skewed toward the more prosperous areas of China proper, which are more likely to 
have been irrigated (an upward bias). The lower figure for 1932 is based on Cressey (1934, 37), with some 
adjustment for omitted regions. The figures for 1972 and 1973 are from Perkins (1975, 360). 

The data for irrigated area as percent of cultivated area and irrigated area per rural capita are given directly in 
ZGSLNJ91, 653. The figures for 1400 and the early 1930s are from Perkins (1969), and for 1991, from ZGSL (1992, 
647)-
Figures in parentheses are estimates. 

Blank cells - Data not available. 



Table A.I Effectively irrigated area figures from the Ministry of Water Resources, 1949-79 

Province 1949 1952 1957 1962 1965 1972 1973 1974 1975 1976 1976a 1977 1978 1979 76/76a 

(million m u ) 
Beijing 0.13 0.20 0.58 1.61 3.44 4.37 4.50 4.69 4.88 5.09 4.96 5.14 5.13 5.11 1.026 
Tianjin 0.37 0.50 0.73 na na 1.41 1.41 4.46 4.97 5.14 5.13 5.55 5.71 5.78 1.002 
Hebei 12.35 15.96 30.77 25.01 30.24 46.48 51.38 49.71 53.50 55.30 52.26 54.46 54.90 55.06 1.058 
Shanxi 3.68 5.84 9.88 10.69 11.35 14.05 15.74 17.12 17.98 18.70 16.00 17.03 18.83 17.12 1.169 
Neimenggu 4.16 6.49 9.00 15.66 17.40 8.76 12.59 13.31 14.04 14.74 10.86 14.99 13.81 19.41 1.357 
Liaoning 1.09 1.53 5.40 4.72 5.68 15.35 19.41 22.45 25.54 23.01 17.49 18.12 18.80 15.40 1.316 
Jilin 1.30 1.73 5.54 3.67 3.49 13.99 14.21 16.15 17.84 19.62 15.00 15.95 15.48 10.89 1.308 
Heilongjiang 1.91 1.66 4.26 4.88 3.90 7.10 11.10 9.90 10.36 13.27 11.00 13.40 12.67 12.25 1.206 
Shanghai 0.13 0.13 5.74 5.40 5.00 5.26 5.33 5.34 5.32 5.32 5.32 5.34 5.30 5.24 1.000 
Jiangsu 30.93 31.40 33.79 38.76 38.82 47.66 51.12 51.69 54.46 56.65 54.74 56.86 57.22 58.55 1.035 
Zhejiang 20.40 20.83 18.11 21.91 21.37 22.44 21.63 21.74 22.04 22.26 22.26 22.41 22.58 22.80 1.000 
Anhui 17.50 20.07 19.69 23.29 24.43 36.15 36.31 38.04 39.83 42.00 36.16 41.71 39.42 40.84 1.162 
Fujian 10.18 10.51 11.61 14.43 16.00 15.04 15.35 15.13 15.51 15.93 12.36 13.07 13.34 13.86 1.289 
Jiangxi 13.26 19.60 23.06 28.68 30.00 24.05 26.11 27.08 27.76 28.26 28.26 27.32 27.86 28.36 1.000 
Shandong 3.66 6.52 16.19 15.68 23.24 48.56 51.56 54.31 57.07 60.59 60.59 64.05 66.22 67.04 1.000 
Henan 7.40 11.84 20.05 18.18 21.38 40.91 51.27 56.93 58.07 61.36 55.00 59.09 60.30 59.23 1.116 
Hubei 8.00 21.84 20.39 27.61 33.81 39.89 38.23 39.30 39.30 39.86 34.83 38.11 38.97 39.37 1.144 
Hunan 15.18 36.63 39.93 38.20 40.68 36.00 37.26 39.06 40.14 40.53 38.00 40.11 40.44 40.56 1.067 
Guangdong 30.00 30.72 29.24 34.19 34.26 36.28 36.72 37.19 37.66 38.33 38.33 38.68 39.02 39.37 1.000 
Guangxi 12.51 15.32 11.91 12.76 13.70 20.00 21.52 22.28 23.64 24.44 22.77 24.29 24.51 24.14 1.073 
Sichuan 11.06 15.53 32.00 40.00 33.63 31.78 37.86 39.33 40.03 42.07 39.12 42.32 43.53 44.58 1.075 
Guizhou 2.85 3.39 4.17 4.35 6.15 7.51 7.77 8.26 8.95 9.55 7.37 8.47 8.46 8.61 1.296 
Yunnan 4.44 5.20 11.58 11.77 12.80 13.50 14.12 14.95 15.27 15.48 13.26 13.58 14.00 13.90 1.167 
Xizang na na na 2.05 2.75 2.29 2.29 2.69 2.69 3.03 2.51 1.99 2.26 2.29 1.207 
Shaanxi 3.53 4.89 7.82 9.39 11.16 15.58 16.37 16.98 17.97 18.82 18.82 19.58 19.41 19.72 1.000 
Gansu 6.04 7.93 6.45 6.73 7.98 10.98 11.71 13.01 14.12 14.64 14.46 14.89 12.96 12.85 1.012 
Qinghai 0.75 0.97 1.73 1.90 2.13 2.34' 2.43 2.47 2.52 2.62 2.49 2.70 1.83 2.72 1.052 
Ningxia na na 3.24 2.99 3.13 3.40 3.53 3.71 3.55 3.71 3.50 3.79 3.88 3.76 1.060 
Xinjiang 16.12 19.94 27.95 36.65 37.90 38.50 38.33 38.33 38.94 39.75 39.10 39.80 38.99 35.61 1.017 
CHINA 238.93 317.37 410.81 461.16 495.82 609.63 657.16 685.61 713.95 740.07 681.95 722.80 726.83 724.42 1.085 

Source: SLTJZL (ca. 1979). 
Note: The 1976a figures are from an audit [heshi) carried out by the State Planning Commission, the Ministry of Agriculture and Forestry, and the Ministry of Water Resources. The 
76/763 column consists of ratios calculated by dividing the 1976 column by the 1976a column. A l l other figures are in million m a . 
na - Data not available. 
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Table A.3 A comparison of Ministry of Water Resources and State Statistical Bureau irrigated 
area figures, 1983 ' 

Absolute Difference 
difference as Actually irrigated area 

Irrigated area between percent Percent Percent 
Province MWR SSB MWR and SSB of MWR Area of MWR of SSB 

(million mu) (million mu] 

Beijing 5.18 5.15 0.03 0.60 4.78 92.28 92.83 
Tianjin 5.49 5.48 0.01 0.22 4.14 75.41 75.58 
Hebei 53.90 53.65 0.25 0.47 48.48 89.94 90.37 
Shanxi 17.26 16.51 0.75 4.33 14.04 81.34 85.02 
Neimenggu 21.77 15.30 6.47 29.74 17.11 78.59 111.86 
Liaoning 14.03 10.15 3.89 27.69 9.54 68.00 94.04 
Jilin 10.74 10.74 0.00 -0.01 6.61 61.55 61.54 
Heilongjiang 13.53 9.47 4.07 30.04 7.38 54.55 77.97 
Shanghai 5.19 5.19 0.00 -0.06 4.40 84.78 84.73 
Jiangsu 59.44 52.43 7.01 11.79 46.08 77.52 87.89 
Zhejiang 22.88 22.88 0.00 0.00 22.40 97.90 97.91 
Anhui 37.98 33.43 4.56 11.99 24.81 65.32 74.23 
Fujian 13.59 12.29 1.30 9.59 13.01 95.73 105.88 
Jiangxi 27.08 27.08 0.00 -0.01 25.96 95.86 95.86 
Shandong 68.04 68.04 0.00 0.00 55.71 81.88 81.88 
Henan 58.94 48.15 10.79 18.31 38.94 66.07 80.88 
Hubei 39.56 34.98 4.58 11.58 28.62 72.35 81.83 
Hunan 41.60 41.60 0.00 0.00 38.62 92.84 92.84 
Guangdong 38.66 30.66 8.00 20.69 34.45 89.11 112.35 
Guangxi 23.20 21.05 2.15 9.25 20.64 88.97 98.03 
Sichuan 45.79 45.79 0.00 -0.01 35.58 77.70 77.70 
Guizhou 8.90 6.79 2.11 23.73 6.98 78.43 102.83 
Yunnan 14.38 14.38 0.00 0.01 12.34 85.81 85.83 
Xizang 1.82 1.82 0.01 0.27 na na na 
Shaanxi 19.61 18.59 1.03 5.23 12.99 66.24 69.90 
Gansu 13.27 12.69 0.58 4.37 10.64 80.18 83.85 
Qinghai 2.90 2.36 0.54 18.72 2.50 86.21 106.07 
Ningxia 3.89 3.50 0.39 9.97 3.71 95.37 105.94 
Xinjiang 39.57 39.54 0.03 0.09 40.29 101.82 101.91 

Total 728.19 669.66 58.53 8.04 590.75 81.13 88.22 

Sources: ZGSL (March 1985, 33b ZGNYNJ84, 160. 
MWR - Ministry of Water Resources irrigated area data. 
SSB - Data published by the State Statistical Bureau, 
na - Data not available. 
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Table A .4 A comparison of Ministry of Water Resources and State Statistical Bureau irrigated 
area figures, 1985 

Absolute Difference 
difference as Actually irrigated area 

Irrigated area between percent Percent Percent 
Province MWR SSB MWR and SSB of MWR Area of M W R of SSB 

(million m u ) (million mu 1 
Beijing 5.11 5.08 0.03 0.67 4.56 89.24 89.83 
Tianjin 5.27 5.24 0.03 0.53 4.25 80.65 81.08 
Hebei 53.83 53.59 0.24 0.45 49.25 91.49 91.90 
Shanxi 17.00 16.19 0.81 4.78 13.86 81.53 85.62 
Neimenggu 21.46 14.47 6.99 32.55 16.86 78.56 116.48 
Liaoning 14.80 10.86 3.94 26.62 10.30 69.59 94.84 
Jilin 10.44 10.44 0.00 -0.04 8.07 77.30 77.27 
Heilongjiang 13.83 10.19 3.64 26.30 8.71 62.98 85.45 
Shanghai 4.87 5.03 -0.16 -3.20 3.85 79.06 76.60 
Jiangsu 60.31 53.82 6.49 10.76 48.31 80.10 89.76 
Zhejiang 22.92 22.92 0.00 0.00 22.68 98.95 98.95 
Anhui 35.91 31.59 4.32 12.03 26.76 74.52 84.71 
Fujian 13.84 11.81 2.03 14.65 12.38 89.45 104.81 
Jiangxi 27.19 27.19 0.00 0.01 25.43 93.53 93.54 
Shandong 68.48 68.48 0.00 0.00 51.95 75.86 75.86 
Henan 57.87 47.85 10.02 17.32 32.98 56.99 68.93 
Hubei .39.25 34.40 4.85 12.36. 29.85 76.05 86.77 
Hunan 41.57 41.50 0.07 0.17 38.27 92.06 92.22 
Guangdong 37.21 29.07 8.14 21.87 32.90 88.42 113.16 
Guangxi 22.58 20.22 2.36 10.44 18.04 79.89 89.21 
Sichuan 41.73 41.73 0.00 0.01 32.11 76.95 76.95 
Guizhou 8.16 7.19 0.97 11.90 5.96 73.04 82.90 
Yunnan 14.47 14.47 0.00 -0.03 12.57 86.87 86.85 
Xizang 2.00 2.00 0.00 0.00 na na na 
Shaanxi 18.52 17.69 0.83 4.50 14.04 75.81 79.38 
Gansu 13.38 12.47 0.91 6.79 10.57 79.00 84.76 
Qinghai 2.94 2.40 0.54 18.37 2.40 81.63 100.00 
Ningxia 4.12 3.58 0.54 13.18 3.85 93.45 107.63 
Xinjiang 39.93 39.07 0.86 2.16 39.31 98.45 100.62 

Total 718.99 660.54 58.45 8.13 580.07 80.68 87.82 

Sources: ZGSL (November 1986, 31), ZCTJNJ86, 157. 
na - Data not available. 
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Table A.$ A comparison of Ministry of Water Resources and State Statistical Bureau irrigated 
area figures, 1 9 8 7 

Absolute Difference 
difference as Actually irrigated area 

Irrigated area between percent Percent Percent 
Province M W R SSB M W R and SSB of MWR Area of M W R of SSB 

(million mu) (million m u ) 

Beijing 4.95 5.07 -0.12 -2.42 4.54 91.72 89.55 
Tianjin 5.10 5.11 -0.01 -0.20 4.44 87.06 86.89 
Hebei 54.29 54.09 0.20 0.37 50.69 93.37 93.71 
Shanxi 16.79 16.16 0.63 3.75 13.89 82.73 85.95 
Neimenggu 21.04 15.57 5.47 26.00 17.37 82.56 111.56 
Liaoning 14.87 11.53 3.34. 22.46 11.39 76.53 98.70 
Jilin 11.29 11.29 0.00 0.0 8.92 79.01 79.01 
Heilongjiang 14.49 11.49 3.00 20.70 10.10 69.70 87.90 
Shanghai 4.90 4.90 0.00 0.00 4.61 94.08 94.08 
Jiangsu 60.82 52.78 8.04 13.22 47.21 77.62 89.45 
Zhejiang 22.40 22.44 -0.04 -0.18 21.84 97.50 97.33 
Anhui 36.58 32.35 4.23 11.56 26.84 73.37 82.97 
Fujian 13.83 13.83 0.00 0.00 12.74 92.12 92.12 
Jiangxi 27.32 27.32 0.00 0.00 26.15 95.72 95.72 
Shandong 67.21 67.21 0.00 0.00 55.55 82.65 82.65 
Henan 58.60 48.75 9.85 16.81 36.73 62.68 75.34 
Hubei 38.70 33.17 5.53 14.29 28.40 73.39 85.62 
Hunan 3 9 . 9 8 3 9 . 9 8 0.00 0.00 38.02 95.10 95.10 
Guangdong 36.69 27.82 8.87 24.18 32.40 88.31 116.46 
Guangxi 22.29 20.61 1.68 7.54 18.55 83.22 90.00 
Sichuan 41.18 41.18 0 . 0 0 0.00 34.55 83.90 83.90 
Guizhou 8.07 8.07 0 . 0 0 0.00 6.16 76.33 76.33 
Yunnan 14.60 14.60 0 . 0 0 0.00 13.14 90.00 90.00 
Xizang 1.94 1.94 0 . 0 0 0.00 1.50 77.32 77.32 
Shaanxi 18.89 18.89 0 . 0 0 0.00 15.23 80.62 80.62 
Gansu 13.13 12.51 0.62 4.72 11.27 85.83 90.09 
Qinghai 3.07 2.47 0.60 19.54 2.43 79.15 98.38 
Ningxia 4.27 3.80 0.47 11.01 3.78 88.52 99.47 
Xinjiang 42.21 41.11 1.10 2.61 39.49 93.56 96.06 

C H I N A 719.50 666.04 53.46 7.43 597.92 83.10 89.77 

Sources: ZGSL (October 1988, 3«l) ZCNYNJ88, 234. 
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Table A.6 A comparison of Ministry of Water Resources and State Statistical Bureau irrigated 
area figures, 1988 

Absolute Difference 

Irrigated area 
difference as Actually irrigated area 

Irrigated area between percent Percent Percent 
Province M W R SSB M W R and SSB of M W R Area of M W R of SSB 

(million mu) (million mu\ 1 
Beijing 4.92 5.07 -0.15 ^3.05 4.59 93.29 90.53 
Tianjin 5.12 5.14 -0.02 -0.39 4.45 86.91 86.58 
Hebei 54.81 54.44 0.37 0.68 50.27 91.72 92.34 
Shanxi 16.66 16.48 0.18 1.08 14.15 84.93 85.86 
Neimenggu 21.40 16.19 5.21 24.35 19.10 89.25 117.97 
Liaoning 14.85 11.44 3.41 22.96 12.00 80.81 104.90 
Jilin 11.62 11.62 0.00 0.00 9.19 79.09 7 9 . 0 9 
Heilongjiang 14.88 11.09 3.79 25.47 9.62 64.65 86.74 
Shanghai 4.85 4.85 0.00 0.00 4.58 94.43 94.43 
Jiangsu 60.30 52.46 7.84 13.00 49.28 81.72 93.94 
Zhejiang 22.26 22.26 0.00 0.00 21.76 97.75 97.75 
Anhui 37.27 33.22 4.05 10.87 30.38 81.51 91.45 
Fujian 13.86 13.86 0.00 0.00 12.69 91.56 91.56 
Jianxi 27.26 27.26 0.00 0.00 26.12 95.82 95.82 
Shandong 64.84 64.84 0.00 0.00 55.39 85.43 85.43 
Henan 58.71 50.38 8.33 14.19 47.71 81.26 94.70 
Hubei 38.45 32.60 5.85 15.21 30.66 79.74 94.05 
Hunan 40.05 40.00 0.05 0.12 37.24 92.98 93.10 
Guangdong 36.12 27.23 8.89 24.61 31.40 86.93 115.31 
Guangxi 22.33 20.06 2.27 10.17 18.21 81.55 181.01 
Sichuan 41.43 41.43 0.00 0.00 35.11 84.75 84.75 
Guizhou 8.17 8.17 0.00 0.00 6.17 75.52 75.52 
Yunnan 14.84 14.84 0.00 0.00 13.32 89.76 89.76 
Xizang 1.81 1.81 0.00 0.00 0.00 0.00 0.00 
Shaanxi 18.57 18.57 0.00 0.00 15.29 82.34 82.34 
Gansu 13.32 12.58 0.74 5.56 11.33 85.06 90.06 
Qinghai 3.13 2.45 0.68 21.73 2.37 75.72 96.73 
Ningxia 4.36 3.83 0.53 12.16 3.88 88.99 101.31 
Xingjiang 42.52 41.47 1.05 2.47 40.27 94.71 97,11 

Total 718.71 665.64 53.07 7.38 616.53 85.78 92.62 

Sources: ZGSL (July 1989, 38); ZGNYNI89, 433-
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Table A . 7 A comparison of Ministry of Water Resources and State Statistical Bureau irrigated 
area figures, 1 9 8 9 

Absolute Difference 
Actually irrigated area difference as Actually irrigated area 

Irrigated area between percent Percent Percent 
Province M W R SSB M W R and SSB of MWR Area of M W R of SSB 

(million m u ) (million m u ) 

Beijing 4.90 5.08 -0.18 ^3.67 4.59 93.67 90.35 
Tianjin 5.13 5.13 0.00 0.00 4.45 86.74 86.74 
Hebei 55.58 55.24 0.34 0.61 52.06 93.67 94.24 
Shanxi 16.82 16.72 0.10 0.59 14.52 86.33 86.84 
Neimenggu 22.03 17.30 4.73 21.47 19.75 89.65 114.16 
Liaoning 15.24 11.40 3.84 25.20 12.34 80.97 108.25 
Jilin 12.54 12.54 0.00 0.00 9.89 78.87 78.87 
Heilongjiang 15.36 11.66 3.70 24.09 10.86 70.70 93.14 
Shanghai 4.81 4.81 0.00 0.00 4.20 87.32 87.32 
Jiangsu 60.12 52.97 7.15 11.89 48.58 80.81 91.71 
Zhejiang 22.22 22.22 0.00 0.00 21.63 97.34 97.34 
Anhui 38.37 34.56 3.81 9.93 29.42 76.67 85.13 
Fujian 13.91 13.66 0.25 1.80 12.99 93.39 95.10 
Jianxi 27.39 27.39 0.00 0.00 26.48 96.68 96.68 
Shandong 65.33 65.33 0.00 0.00 57.32 87.74 87.74 
Henan 58.65 51.52 7.13 12.16 36.70 62.57 71.23 
Hubei 38.48 32.96 5.52 14.35 29.01 75.39 88.02 
Hunan 40.11 40.11 0.00 0.00 37.05 92.37 92.37 
Guangdong 35.97 27.49 8.48 23.58 31.55 87.71 114.77 
Guangxi 22.39 19.95 2.44 10.90 18.07 80.71 90.58 
Sichuan 41.77 41.77 0.00 0.00 35.04 83.89 83.89 
Guizhou 8.23 8.23 0.00 0.00 6.16 74.85 74.85 
Yunnan 15.30 15.30 0.00 0.00 13.58 88.76 88.76 
Xizang 1.81 1.81 0.00 0.00 1.30 71.82 71.82 
Shaanxi 18.71 18.62 0.09 0.48 15.30 81.77 82.17 
Gansu 13.41 12.62 0.79 5.89 11.53 85.98 91.36 
Qinghai 3.20 2.51 0.69 21.56 2.42 75.63 96.41 
Ningxia 4.47 3.86 0.61 13.65 4.09' 91.50 105.96 
Xingjiang 42.81 40.90 1.91 4.46 39.55 92.38 96.70 

Total 725.06 673.67 51:39 7.09 610.43 84.19 90.61 

Sources: ZGSL |July 1989, 38), ZGNYNJ89, 433. 
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Table A.8 A comparison of Ministry of Water Resources and State Statistical Bureau irrigated 
area figures, 1 9 9 0 

Absolute Difference 
difference as Actually irrigated area 

Irrigated area between percent Percent Percent 
Province M W R SSB MWR and SSB of MWR Area of M W R of SSB 

( million mu) (million mu] 1 
Beijing 4.93 5.03 -0.10 -2.03 4.63 93.91 92.05 
Tianjin 5.19 5.19 0.00 0.00 4.50 86.71 86.71 
Hebei 56.59 56.38 0.21 0.37 52.61 92.97 93.31 
Shanxi 17.07 17.02 0.05 0.29 14.83 86.88 87.13 
Neimenggu 23.10 18.77 4.33 18.74 19.76 85.54 105.27 
Liaoning 15.89 15.89 0.00 0.00 12.69 79.86 79.86 
Jilin 13.33 13.23 0.10 0.75 10.51 78.84 79.44 
Heilongjiang 16.18 16.18 0.00 0.00 11.89 73.49 73.49 
Shanghai 4.80 4.80 0.00 0.00 4.26 88.75 88.75 
Jiangsu 59.56 59.56 0.00 0.00 48.06 80.69 80.69 
Zhejiang 22.16 22.16 0.00 0.00 21.57 97.34 97.34 
Anhui 39.50 39.50 0.00 0.00 31.18 78.94 78.94 
Fujian 14.00 14.00 0.00 0.00 12.95 92.50 92.50 
Jianxi 27.55 27.55 0.00 0.00 26.55 96.37 96.37 
Shandong 66.95 66.95 0.00 0.00 57.91 86.50 86.50 
Henan 53.25 53.25 0.00 0.00 37.89 71.15 71.15 
Hubei 35.50 34.86 0.64 1.80 30.70 86.48 88.07 
Hunan 40.14 .40.14 0.00 0.00 37.10 92.43 92.43 
Guangdong 36.00 29.06 6.94 19.28 32.03 88.97 110.22 
Guangxi 22.63 22.36 0.27 1.19 18.79 83.03 84.03 
Sichuan 42.09 42.09 0.00 0.00 36.25 86.12 86.12 
Guizhou 8.25 8.25 0.00 0.00 6.21 75.27 75.27 
Yunnan 15.81 15.81 0.00 0.00 14.32 90.58 90.58 
Xizang 1.95 1.90 0.05 2.56 0.00 0.00 0.00 
Shaanxi 18.94 18.95 -0.01 -0.05 15.94 84.16 84.12 
Gansu 13.65 12.82 0.83 6.08 11.85 86.81 92.43 
Qinghai 3.26 2.57 0.69 21.17 2.46 75.46 95.72 
Ningxia 4.70 3.90 0.80 17.02 4.38 93.19 112.31 
Xingjiang 42.87 42.87 0.00 0.00 39.74 92.70 92.70 

Total 725.84 711.04 14.80 2.04 621.56 85.63 87.42 

Sources: ZGSLNJ91, 654, ZGTJNI91, 331. 
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Table A.9 Reconstituted preunification Ministry of Water Resources and State Statistical 
Bureau irrigated area totals, 1 9 8 3 - 9 0 

1983 1985 1987 1988 1989 1990 

(million mu) 

Reported M W R EIA 728 719 720 719 725 726 
Reconstituted M W R EIA 745 722 737 723 746 716 

Difference -17 -3 -18 -5 -21 10 

Reported SSB EIA 670 661 666 661 674 711 
Reconstituted SSB EIA 656 643 654 630 666 674 

Difference 14 18 12 30 8 37 

M W R EIA unified (33) (26) (35) (32) (34) (65) 
SSB EIA unified (35) (28) (37) (35) (36) (67) 
M W R AIA 591 580 598 617 610 622 

Sources: The figures are calculated from data in ZGSL (March 1985, 33; November 1986, 3a, October 1988, 38; 
July 1989, 37] January 1991, 38), ZGNYNJ84, r6o; ZCNYNJ86, 157, ZCNYNJ88,134, ZGTJNJ89, 433; 
ZGTJNJ90, 4031ZGTJNJ91, 331, and ZCSLNJ91, 654. See Tables A.3-A.8. 
EIA - Effectively irrigated area. 
AIA - Actually irrigated area. 
Figures in parentheses represent percentages of effectively irrigated area reported by each system that are identical 
to those reported by the other system. 
The data are defined or calculated as follows: 

Y 2 9 A - A • T 2 9 F - F • T M F = F • 

Y " J? — Y " F — F * • Y ^ ' F F ' • 

and E j ^ . , / ^ = E's\ where 

E'y + E'M is reported MWR EIA; 

E'u + E's is reported SSB EIA; and 

Es is reconstituted SSB EIA; 
where A refers to AIA; £ refers to actual EIA; n refers to number of unified provinces; E' 
refers to reported EIA; and for subscripts, M refers to MWR, s refers to SSB, and u refers 
to unified provinces. 

(1) Set A M / E U = fa and A M / E S = p s , 

(2) Assume A ' u I E ' u = f a = $ u and A ' u f E ' S = F S = $S. 

(3) Then E M = f a A u and E 5 = % A M . 

For assumption (a) to hold when EM > Ep it is necessary but not sufficient for 

(4) K>ft>ft,>Pi. where 

ft = A u I { E ' u + E ' s ) and fa = A M / + 

This condition holds for the first five years (e.g., in 1 9 8 9 , . 917 > . 9 0 6 > . 8 4 2 > .819) , but for 
1 9 9 0 , when fa > fa ( .868 and .836 , respectively), indicating some atypicality in the 
remaining ununified provinces, causing $'M > p M . 
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Table A . 1 0 Estimates for 1978 irrigated area 

Cultivated area 

Percent Effec
of Dry cultivated land tively 

national Percent Bunded Percent Irrigated irrigated 
Province total Total bunded fields Total irrigated dryland area 

(milli ion m u ) 

Beijing (0.43) 6.41 (10.5) 0.67 5.73 (77.2) 4.43 5.10 
Tianjin (0.47) 7.00 (6.9) 0.48 6.52 (76.0) 4.96 5.44 
Hebei (6.71) 99.98 (16) 1.60 98.38 (54.1) 53.22 54.82 
Shanxi (3.94) 58.71 (0.3) 0.18 58.53 (27.6) 16.15 16.33 
Neimenggu (2-75) 40.98 (0.2) 0.08 40.89 (23.7) 9.69 9.77 
Liaoning (4.71) 70.18 (8.1) 5.68 64.49 (17.3) 11.16 16.84 
filin (5.08) 75.69 (6.0) 4.54 71.15 (11.7) 8.32 12.87 
Heilongjiang (9.23) 137.53 (2.6) 3.58 133.95 (4.2) 5.63 9.20 
Shanghai (0.36) 5.36 (88.5) 4.75 0.62 (100.0) 0.62 5.36 
Jiangsu (4.68) 69.73 (58.9) 41.07 28.66 (31.3) 8.97 50.04 
Zhejiang (1-84) 27.42 (80.5) 22.07 5.35 (30.0) 1.60 23.67 
Anhui (4.49) 66.90 (39.0) 26.09 40.81 (25.1) 10.24 3633 
Fujian (1-30) 19.37 (80.9) 15.67 3.70 (0.0) 0.00 15.67 
Jiangxi (2.54) 37.85 (81.6) 30.88 6.96 (0.0) 0.00 30.88 
Shandong (7.34) 109.37 (2.3) 2.52 106.85 (59.4) 63.47 65.98 
Henan (7.20) 107.28 (6.0) 6.44 100.84 (49.2) 49.61 56.05 
Hubei (3.79) 56.47 (52.0) 29.36 27.11 (21.9) 5.94 35.30 
Hunan (3.46) 51.55 (78.2) 40.32 11.24 (0.0) 0.00 40.32 
Guangdong (3.25) 48.43 (75.0) 36.32 12.11 (0.0| 0.00 36.32 
Guangxi (2.58) 38.44 (64.1) 24.64 13.80 (7.1) 0.98 25.62 
Sichuan (6.69) 99.68 (49.7) 49.54 50.14 (0.0) 0.00 49.54 
Guizhou (1-91) 28.46 (41.9) 11.92 16.53 (0.4) 0.07 11.99 
Yunnan (2.74) 40.83 (37.3) 15.23 25.60 (5-9) 1.51 16.74 
Xizang (0.22) 3.28 (0.0) 0.00 3.28 (70.4) 2.31 2.31 
Shaanxi (3.87| 57.66 (4.4) 2.54 55.13 (29.4) 16.21 18.74 
Gansu (3.58! 53.34 (0.3) 0.16 53.18 (23.7! 12.60 12.76 
Qinghai (0.60) 8.94 (0.0) 0.00 8.94 (26.6) 2.38 2.38 
Ningxia (0.90) 13.41 (19.2) 2.57 10.84 (9.6) 1.04 361 
Xinjiang (3.20) 47.68 (2.3) 1.10 46.58 (92.3) 43.00 44.09 

C H I N A (99.86) 1,487.91 (25.6) 380.00 1,107.91 (30.1! 334.10 714.11 

Source: Derived from ZGNYDL (1980, 77-79). The 1978 provincial cultivated area percentages of the national 
total, as welt as the 1978 provincial percentages of cultivated fields that were bunded, appear in the source. 
Provincial cultivated area totals and the provincial totals of bunded fields are calculated using these percentages and 
the national cultivated area total of 1,490 million mu. The provincial area totals for dry (nonbundedj cultivated land 
are calculated by subtracting the provincial area totals for bunded fields from provincial cultivated land totals, 1978 
irrigated dryland totals are calculated using the calculated dryland totals and the 1978 percentages of dry cultivated 
land that were effectively irrigated, which appeared in the source. Provincial effectively irrigated area figures are 
calculated by summing calculated data for irrigated dryland and bunded fields. 

Note: Percentages appear in parentheses. Al l other data are in million mu. China columns do not necessarily sum 
to appropriate totals due to rounding. 



Table A . I I Irrigated area figures from contemporary sources, 1 9 3 1 - 9 1 

Province 1931 1949 1950 1951 1952 1953 IP54 1955 1956 1957 1958 1959 

(million mu) 

Beijing 
Tianjin 
Hebei 12.31 12.91 13.58 15.97 16.11 16.19 16.79 25.77 27.00 65.00 63.00 
Shanxi 3.63 3.68 4.43 4.91 5.84 6.39 7.12 7.23 8.38 11.30 22.23 
Neimenggu 4.27 4.47 5.26 6.30 6.97 7.70 8.78 10.94 12.06 20.70 21.00 
Liaoning 0.91 1.12 1.38 1.90 6.30 7.30 
jilin 1.30 1.65 1.98 3.96 4.86 5.37 
Heilongjiang 0.81 1.51 1.64 2.70 4.50 7.42 15.13 
Shanghai 
Jiangsu 35.57 27.30 30.97 34.00 38.30 54.91 43.90 
Zhejiang 19.50 20.25 25.00 26.70 
Anhui 20.83 17.00 21.13 28.40 34.00 55.00 61.00 
Fujian 11.99 8.60 10.27 10.50 12.50 15.00 14.80 18.04 
Jiangxi 23.66 16.71 21.40 25.20 26.00 27.26 29.00 34.40 35.22 
Shandong 2.40 3.53 3.57 5.40 6.60 6.70 7.20 8.00 24.00 37.00 51.00 
Henan 7.80 7.20 8.40 12.75 13.20 14.51 43.00 100.00 
Hubei 26.27 28.00 29.70 
Hunan 28.84 36.30 41.00 41.67 
Guangdong 24.69 12.90 12.60 12.60 13.80 15.13 15.85 17.40 20.90 35.90 44.00 
Guangxi 7.08 8.60 12.30 14.75 15.58 16.81 21.85 24.96 3 6 . 9 6 24.78 
Sichuan 42.22 11.00 11.00 16.50 17.00 21.35 30.50 55.35 57.90 
Guizhou 9.51 2.85 4.35 4.70 7.82 7.93 16.90 
Yunnan 12.04 4.43 4.68 5.18 7.68 11.40 12.30 15.00 22.38 
Xizang 
Shaanxi 3.11 3.53 3.78 4.51 4.89 5.70 5.45 5.96 8.24 9.73 25.00 26.65 
Gansu 3.86 4.82 5.03 5.79 6.49 6.86 7.40 8.10 13.00 18.00 24.00 22.00 
Qinghai 0.75 0.80 0.86 1.12 1.02 1.57 1.66 5.53 
Ningxia 1.43 
Xinjiang 16.12 16.81 18.10 19.55 20.42 20.99 21.50 23.32 25.77 33.73 37.40 

1960 1961 1962 



Table A . I I ( c o n t i n u e d ) 

Province 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 

(million mu) 

Beijing 2.19 3.45 4.00 
Tianjin 
Hebei 36.00 45.00 48.00 47.00 53.00 50.00 
Shanxi 10.20 12.00 13.97 
Neimenggu 8.00 10.47 11.86 
Liaoning 20.00 
Jilin 9.00 
Heilongjiang 12.80 
Shanghai 
Jiangsu 40.00 50.00 51.00 
Zhejiang 21.60 
Anhui 35.00 40.00 
Fujian 15.60 16.20 
jiangxi 
Shandong 48.00 52.00 53.00 
Henan 40.00 40.00 48.00 
Hubei 29.52 36.00 
Hunan 40.80 
Guangdong 35.00 43.50 
Guangxi 
Sichuan 
Guizhou 6.00 
Yunnan 13.00 
Xizang 
Shaanxi 10.50 14.95 19.50 17.00 
Gansu 6.00 12.00 
Qinghai 2.50 1.95 2.50 
Ningxia 3.50 
Xinjiang 36.00 

(continued! 



Table A . I I ( c o n t i n u e d ) 

Province 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 

(million mu) 

Beijing 5.10 5.11 5.12 5.09 5.15 5.14 5.08 5.06 5.07 5.07 5.07 5.03 4.86 
Tianjin 5.50 5.69 5.69 5.61 5.48 5.41 5.24 5.11 5.11 5.15 5.13 5.19 5.21 
Hebei 54.80 54.33 53.22 53.42 53.65 53.77 53.59 53.11 54.09 54.43 55.24 56.38 57.59 
Shanxi 17.40 16.73 16.60 16.50 16.51 16.54 16.19 15.81 16.16 16.47 16.72 17.02 17.24 
Neimenggu 10.50 16.56 15.57 15.40 15.30 14.71 14.47 15.09 15.57 16.19 17.30 18.77 19.84 
Liaoning 16.90 14.20 11.40 10.77 10.85 10.15 10.44 10.86 10.96 11.53 11.45 11.40 15.89 16.34 
Jilin 12.80 10.96 11.17 11.00 10.74 10.67 10.44 10.76 11.29 11.63 12.54 13.23 13.85 
Heilongjiang 9.20 10.06 10.47 10.10 9.47 9.35 10.19 10.80 11.49 11.10 11.66 16.18 16.77 
Shanghai 5.40 5.24 5.20 5.21 5.19 5.13 5.03 4.90 4.90 4.85 4.81 4.80 4.78 
Jiangsu 50.10 51.19 51.84 52.14 52.43 53.95 53.82 53.07 52.78 52.46 52.97 59.56 57.75 
Zhejiang 23.40 22.87 22.85 22.88 22.88 22.94 22.92 22.45 22.44 22.26 22.22 22.16 22.14 
Anhui 36.30 37.78 36.57 35.90 34.71 33.43 32.41 31.59 31.38 32.35 33.23 34.56 39.50 40.79 
Fujian 15.70 13.22 12.54 12.19 12.29 12.06 11.81 13.70 13.83 13.86 13.66 14.00 14.10 
Jiangxi 30.90 25.04 25.07 23.83 27.08 27.18 27.19 27.21 27.32 27.26 27.39 27.55 27.72 
Shandong 66.30 66.11 66.51 67.23 68.04 68.32 68.48 68.20 67.21 64.85 65.33 66.96 68.28 
Henan 56.00 53.04 50.82 48.98 48.15 49.18 47.85 48.19 48.75 50.39 51.53 53.25 55.51 
Hubei 35.30 35.18 35.58 35.58 34.98 34.64 34.40 33.79 33.17 32.60 32.96 34.87 34.96 
Hunan 40.30 36.24 36.22 35.56 41.60 41.63 41.50 41.58 39.98 40.00 40.11 40.14 39.19 
Guangdong 36.30 31.62 31.13 30.72 30.66 29.71 29.07 28.70 27.82 27.23 27.50 29.07 28.26 
Guangxi 25.60 21.49 21.20 21.09 21.05 20.75 20.22 20.25 20.61 20.07 19.95 22.36 22.53 
Sichuan 49.50 45.34 45.54 45.65 45.79 44.57 41.73 40.94 41.18 41.43 41.77 42.09 42.40 
Guizhou 12.60 6.85 6.76 6.57 6.79 6.23 6.19 7.98 8.07 8.18 8.23 8.25 7.68 
Yunnan 16.70 13.70 13.70 13.78 13.86 14.38 14.42 14.47 14.50 14.60 14.84 15.30 15.81 16.23 
Xizang 2.30 2.23 2.19 2.06 1.82 1.68 2.00 1.83 1.94 1.80 1.81 1.90 1.70 
Shaanxi 18.70 18.65 18.72 18.74 18.71 18.59 17.69 17.69 18.68 18.89 18.57 18.71 18.95 19.25 
Gansu 12.80 12.80 12.74 12.70 12.69 12.71 12.47 12.39 12.51 12.59 12.62 12.82 13.01 
Qinghai 2.40 2.46 2.39 2.39 2.38 2.36 2.38 2.40 2.46 2.47 2.45 2.51 2.57 2.63 
Ningxia 3.60 3.61 3.49 3.42 3.48 3.50 3.54 3.58 3.69 3.80 3.84 3.86 3.90 3.98 
Xinjiang 44.10 39.16 39.58 39.16 39.54 39.64 39.07 40.61 41.11 41.48 40.90 42.87 42.75 



Table A . I I ( c o n t i n u e d ) 

Sources: Figures for 1931 are from Cressey (1934, 971, which cites C. C. Chang (1932). Because of significant boundary changes, some of China's figures have been omitted from the 
table. Those are Heilongjiang, 0.382 million mu-, Jilin, 1.426 million m u , Liaoning, 0.878 million m u , Rehe (Jcholl 0.240 million mu, Charhar, 1.85 5 million mu; Suiyuan, 1.400 
million mu ; and Hebei, 8.467 million mu. 

Figures for 1949-59 are from reports, primarily from the Chinese press, assembled in PAS (1969). 

The sources for figures for Anhui in 1972 and Qinghai in 1973 have been misplaced. The 1974 figure for Jiangsu was provided to the U.S. Water Delegation in Nanjing on 4 
September 1974; it may refer to 1973. Aside from these, sources for the period 1960-75 are all from Chinese press reports. For Beijing, the figure for 1961 is from SCMP 29181; for 
1963, SCMP 3157; for 1965, SCMP 3568; for 1973, FBIS, 30 August 1973. For Hebei, the figure for 1963 is from SCMP 2932; for 1971 and 1972, RMRB, 11 January 1973, i; for 1973, 
FBIS, 21 November 1973,- for 1974, RMRB, 10 January 1975; for 1975. FBIS, 15 September 1975- For Shanxi, the 1964 figure is from USHKAA on microfilm reel 2, frame 171; for 
1974, FBIS, 3 December 1974. For Neimenggu, the 1972 figure is from FBIS, 2 June 1972? for 1973, FBIS, 30 June 1975; for 1974, FBIS, 30 January 1975. For Liaoning, the 1974 figure 
is from FBIS, 24 September 1974. For Jilin, the 1974 figure is from FBIS, 11 October 1974. For Heilongjiang, the 1973 figure is from FBIS, 8 May 1973. For Jiangsu, the 1970 and 1975 
figures are from FBIS, 10 February 1976. For Zhejiang, the 1974 figure is from FBIS, 2 October 1974. For Shandong, the 1972 figure is from FBIS, 9 January 1973; for 1973, FBIS, 16 
January 1974; for 1974, RMRB, 10 January 197$. For Henan, the 1971 figure is from FBIS, 24 May 1972; for 1972, FBIS, 4 October 1972; for 1974, RMRB, 10 January 1975. For Hubei, 
the 1963 figure is from SCMP 45 S; for 1973, FBIS, 29 August 1973 For Hunan, the 1966 figure is from USHKAA on reel 2, frame 185. For Guangdong, the 1964 figure is from 
USHKAA on reel 2, frame 151* for 1974, FBIS, 18 October 1974. For Guizhou, the 1965 figure is from SCMP 3605, for 1966, USHKAA on reel 2, frame 158. For Yunnan, the 1964 
figure is from USHKAA on reel 2, frame 199. For Shaanxi, the 1969 and 1971 figures are from FBIS, 18 January 1971; for 1975, FBIS, 12 September 1975. For Gansu, the 1966 figure 
is from USHKAA on reel 2, frame 133; for 1974, FBIS, 22 March 1974. For Xinjiang, the 1975 figure is from China Reconstructs, February 1976, 16. 

Figures for 1978 have been calculated from data given in Z G N Y D L [1980, 77-79). Those for 1979 are from ZGGK80 (1981, 248, 264, 281, 312, and 383). 

Figures for 1980 and subsequent years are from ZGNYNJ81, 66-*7i ZGNYNJ82, 80j ZGNYNJ83, 115; ZGNYNJ84, 160, ZGNYNJ85,118, ZGNYNJ86, 266; ZGNYNJ87, 341; 
ZGNYNJ88, 377; ZGNYNJ89, 341; ZGNYNJ90, 403; ZGNYNJ91, 423; and ZGTJNJ91, 344. The almanac for a given year provides figures for the previous year and usually for the 
year before. In all cases, except perhaps ZGNYNJ81 (1980 figures), the data were supplied by the State Statistical Bureau. 

Blank cell - Data not available. 



Table A . I I Irrigated area figures from provincial yearbooks published in the 1980s, 1949-88 

Province 1949 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 

(million m u ) 

Beijing 
Tianjin 
Hebei 11.54 11.91 12.72 14.44 14.97 15.36 15.47 20.30 23.66 31.07 31.80 29.28 22.78 20.36 
Shanxi 3.79 4.41 5.13 6.09 6.37 6.56 7.01 8.03 8.74 10.73 11.24 11.28 9.62 9.65 
Neimenggu 
Liaoning 1.83 5.40 3.01 
Jilin 1.30 1.47 1.54 1.73 1.64 1.87 2.10 4.97 5.54 7.40 5.29 3.86 2.66 2.31 
Heilongjiang 1.90 2.04 4.48 2.35 
Shanghai 0.47 0.69 1.37 2.47 3.21 3.67 
Jiangsu 
Zhejiang 
Anhui 12.34 12.52' 12.90 13.73 14.06 14.57 15.08 15.78 16.71 16.98 18.11 18.32 18.87 19.96 
Fujian 
Jiangxi 
Shandong 
Henan 
Hubei 
Hunan 17.99 23.07 26.66 29.77 
Guangdong 
Guangxi 7.69 7.79 8.02 8.66 9.17 9.75 11.86 13.10 16.70 16.88 11.90 12.34 14.14 
Sichuan 15.98 20.54 
Guizhou 
Yunnan 6.67 11.77 
Xizang 
Shaanxi 
Gansu 
Qinghai 0.75 0.97 1.73 1.90 
Ningxia 2.23 3.24 3.47 3.02 
Xinjiang 



Table A . I I ( c o n t i n u e d ) 

Province 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 

(million m u ) 
Beijing 
Tianjin 
Hebei 20.24 20.83 26.31 34.41 33.61 35.47 36.96 40.17 41.94 43.21 46.67 49.71 53.30 52.26 
Shanxi 10.29 10.60 10.53 13.16 12.59 12.42 12.48 12.85 13.27 13.60 13.99 14.95 15.64 16.31 
Neimenggu 
Liaoning 4.59 9.46 9.02 8.83 9.45 10.54 11.07 11.20 
Jilin 2.24 2.53 3.07 3.55 3.83 4.01 4.24 4.91 4.94 5.20 6.10 7.12 8.30 9.01 
Heilongjiang 2.69 5.52 5.86 7.69 
Shanghai 3.93 4.12 4.26 4.27 4.54 4.75 4.83 4.96 5.14 5.26 5.31 5.34 5.34 5.32 
Jiangsu 
Zhejiang 
Anhui 20.90 21.21 23.63 24.57 25.91 26.67 27.61 30.04 30.71 30.45 32.71 34.17 35.78 36.98 
Fujian 
Jiangxi 
Shandong 
Henan 
Hubei 
Hunan 32.45 35.15 38.75 
Guangdong 30.09 34.14 
Guangxi 14.17 14.35 14.65 15.51 16.24 16.80 17.79 18.71 19.87 18.44 20.42 21.01 21.93 22.77 
Sichuan 23.96 
Guizhou 
Yunnan 12.80 11.45 12.02 12.74 12.80 13.00 13.26 
Xizang 
Shaanxi 
Gansu 
Qinghai 2.12 2.42 2.49 
Ningxia 3.13 2.86 3.42 3.43 
Xinjiang 

{continued) 



Table A . 12 ( c o n t i n u e d ) 

Province 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 

|million mu) 

Beijing 5.12 5.12 5.10 5.15 5.14 5.08 5.06 5.07 5.07 
Tianjin 5.48 5.41 5.24 5.11 5.24 
Hebei 54.43 54.90 55.06 54.27 53.22 53.42 53.65 53.77 53.59 53.31 54.08 54.44 
Shanxi 17.03 16.39 16.82 16.73 16.60 16.50 16.51 16.54 16.19 15.81 16.16 16.48 
Neimenggu 15.09 15.57 
Liaoning 12.71 12.80 12.05 11.40 10.77 10.85 10.86 10.96 11.53 11.44 
Jilin 9.14 8.98 8.56 10.96 11.17 11.00 10.74 10.67 10.44 10.76 11.29 11.62 
Heilongjiang 9.51 8.86 9.01 9.71 10.48 10.06 9.47 9.35 10.19 10.80 11.49 11.09 
Shanghai 5.34 5.30 5.24 5.24 5.20 5.21 5.19 5.13 5.03 4.90 4.90 4.85 
Jiangsu 
Zhejiang 
Anhui 37.68 39.61 40.84 40.07 40.16 38.73 37.98 33.22 
Fujian 13.70 13.82 
Jiangxi 27.21 27.32 27.25 
Shandong 64.84 
Henan 48.75 50.38 
Hubei 34.98 34.64 33.17 33.79 34.40 
Hunan 40.37 40.96 41.14 41.30 41.40 41.60 41.63 41.67 41.58 39.98 40.05 
Guangdong 32.09 31.54 30.72 30.56 29.70 29.07 28.70 27.82 25.22 
Guangxi 21.86 22.06 21.92 21.49 21.20 21.09 21.05 20.75 20.22 20.25 20.61 20.06 
Sichuan 43.04 44.58 45.35 45.54 45.66 45.80 41.73 40.95 41.18 41.43 
Guizhou 
Yunnan 13.38 13.57 13.56 13.70 13.78 13.86 14.38 14.42 14.47 14.50 14.60 
Xizang 1.81 
Shaanxi 
Gansu 12.39 12.51 
Qinghai 2.46 2.39 2.40 2.46 2.47 
Ningxia 3.39 3.40 3.51 3.49 3.42 3.48 3.50 3.54 3.63 3.69 3.80 
Xinjiang 41.11 41.47 



Table A.12 ( c o n t i n u e d ) 

Sources: Figures for Beijing are from BISHflSs, 311; BISHTI87, S<>4; BJSHrj88, 4111 BJSHJJ89, 361; BJGJSTai-fis, '44; for Tianjin, from TTTTNJBs, 95; TTTTNJ88, 139; for Hebei, from 
HBJJTJ84, 4*9; HBJJTJS8, 446; HBJJTJB9, 379; for Shanxi, from SXTJNJ89,105; for Neimenggu, from NMTJNJ88, 186, for Liaoning, from LNJJTJ83, 44S; LNJJTI87, 523; LNnTJ89, 
503; for Jilin, from ILSHJJ87, 130; JLSHJJ88, 167; JLSHJJ89, 173; for Heilongjiang, from HLJJTN88, 231; HLJJTN89, 303; for Shanghai, from SHTJNJ83, 171; SHTJNJ88, 214; 
SHTJNJ89, 240; for Anhui, from AHSQ49-83, 17S-V7; AHTJNJ89, 171; for Fujian, from FJTJNJ88, 143; for Jiangxi, from JXTTNJ88, i o i ; JXTJNJ89, 84; for Shandong, from 
SDTJNJ89, 110,- for Henan, from HNJJTJ89, 213; for Hubei, from HBTJNJSs, 183; HBTJNJ88, 41S; for Hunan, from HNTJNJ82, 127; HNTJNJ87, 96; HNTJNJ89, 77; for Guangdong, 
from GDTJNJ84, 136; GDTJNJSs, 126; GDTJNJ87, 141; GDTJNJ88, 125; GDTJNJ89, 107; for Guangxi, from GXTJNJ88, 96; CXTJNJ89, 95; for Sichuan, from SCTJNJ83, I 2 j ; 

SCTJNJ88, i49;SCTJNJ89, I49J for Yunnan, from YNTJNJ88, 246; for Xizang, from XZSJTN89, 197; for Gansu, from GSTJNJ88, 134, for Qinghai, from QHSJTN88, rs4; for 
Ningxia, from NXTJNJ87, 116, NXTJNJ8S, 169; for Xinjiang, from XJTJNJ89, 116. 

Blank cell - Data not available.-



Table A.13 Differences between contemporary sources and recent provincial reports for irrigated area, 1949-88 

Province 1949 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 

(million m u ) 

Beijing 
Tianjin 
Hebei 0.77 1.00 0.86 1.53 1.14 0.83 1.32 5.47 3.34 33.93 31.20 
Shanxi -£.11 0.02 -0.22 -0.25 0.02 0.56 0.22 0.35 2.56 11.50 
Neimenggu 
Liaoning 1.90 
Jilin -0.00 -0.08 -0.12 -1.01 -0.68 -2.03 
Heilongjiang -1.09 0.02 
Shanghai -0.69 
Jiangsu 
Zhejiang 
Anhui 4.66 6.05 12.62. 17.29 38:02 42.89 
Fujian 
Jiangxi 
Shandong 
Henan 
Hubei 
Hunan 
Guangdong 
Guangxi 0.81 2.48 6.09 6.41 7.05 9.99 11.86 20.26 7.90 
Sichuan 39.38 
Guizhou 
Yunnan 
Xizang 
Shaanxi 
Gansu 
Qinghai -0.00 
Ningxia 
Xinjiang 



Table A . I 3 (continued) 

Province 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 

Beijing 
Tianjin 
Hebei 
Shanxi 
Neimenggu 
Liaoning 
Jilin 
Heilongjiang 
Shanghai 
Jiangsu 
Zhejiang 
Anhui 
Fujian 
Jiangxi 
Shandong 
Henan 
Hubei 
Hunan 
Guangdong 
Guangxi 
Sichuan 
Guizhou 
Yunnan 
Xizang 
Shaanxi 
Gansu 
Qinghai 
Ningxia 
Xinjiang 

(million m u ) 

15.76 3.06 4.79 
-0.40 1.16 

4.55 

0.33 3.29 -3.30 
-0.98 

9.46 
1.88 

4.22 

0.01 

(continued) 



Table A . 13 ( c o n t i n u e d ) 

Province 1 9 7 7 1 9 7 8 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 

(million mu) 

Beijing -0.01 0.00 -0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Tianjin 0.00 0.00 -0.00 -0.00 -0.13 
Hebei -0.10 0.06 -0.00 -0.00 0.00 -0.00 -0.00 -0.00 0.00 -0.01 
Shanxi 1.01 -O.OO 0.00 -0.00 -0.01 
Neimenggu 0.00 0.00 
Liaoning 4.10 2.15 0.00 -0.00 0.00 0.00 0.00 -0.01 
Jilin 3.82 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 
Heilongjiang 0.34 0.34 -0.01 0.05 0.00 0.00 0.00 0.00 0.00 0.01 
Shanghai 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Jiangsu 
Zhejiang 
Anhui -3.31 ^ . 0 6 -3.50 -4.26 -4.02 ^ . 5 5 -0.01 
Fujian -0.00 0.00 
Jiangxi 0.00 0.00 0.01 
Shandong 
Henan 0.00 0.01 
Hubei -0.00 0.00 1.23 -0.00 -1.23 
Hunan -0.07 -4.90 -5.08 -5.83 0.00 0.00 -0.07 -0.00 0.00 -0.05 
Guangdong 4.21 0.08 -0.00 0.10 0.00 0.00 -0.00 0.00 0.00 
Guangxi 3.54 0.00 0.00 0.00 0.00 0.00 0.00 -0.00 0.00 0.01 
Sichuan 6.47 -0.00 -0.00 -O.01 -0.00 44.57 -0.00 -0.01 -0.00 0.00 
Guizhou 
Yunnan 3.13 0.14 -0.00 0.00 -0.00 -0.00 0.00 0.00 0.00 -0.00 
Xizang 0.00 
Shaanxi 18.70 
Gansu -0.00 -0.00 
Qinghai -0.06 -0.00 -0.00 0.00 -0.00 
Ningxia 0.20 0.10 0.00 0.00 0.00 0.00 0.00 -0.05 0.00 0.00 
Xinjiang 0.37 -0.57 



Table A.13 ( c o n t i n u e d ) 

Sources: Calculated from Tables A . I I and A . I I by subtracting data from provincial yearbooks published in the 1980s |Table A. 12) from that of contemporary sources (Table A.I I ) . 

Blank cell - Data not available. 

0.00 - Data available from contemporary sources and recent provincial reports. Figures from contemporary sources are larger than or equal to that found in 1980s provincial reports, 
but the difference is less than 5000 mu. 

-0.00 - Figures from provincial reports published in the 1980s are larger, but the difference is less than 5000 mu. 



Table A.14 Ministry of Water Resources reporting categories, 1983-91 

Category 1983 1984 1985 1986 1988 1989 1990 1991 

Irrigated area (million m u ) 747.98 741.65 
Forestland irrigated area (million mu) 18.15 12.36 12.72 18.82 23.42 24.84 26.78 
Irrigated pastureland (million mu) 9.62 9.94 9.55 10.48 11.04 11.48 
Effectively irrigated area (million m u ) 728.19 726.00 718.99 718.09 718.71 725.06 725.84 726.99 

Stable, high-yield area {million mu) 491.57 495.57 493.06 497.32 503.56 509.91 515.48 
Tubewell irrigated area (million m u ) 170.12 169.22 166.98 163.04 168.25 171.53 176.09 
Area irrigated or drained by pump (million m u ) 469.29 463.71 458.01 465.45 460.94 465.48 468.38 

Pump irrigated area only (million m u ) 390.69 392.74 394.47 395.19 400.93 405.57 408.53 
Actually irrigated area (million m u ) 590.75 599.00 580.07 599.07 617.83 610.43 621.56 

As percent of effectively irrigated area 81.0 83.0 81.0 83.0 86.0 86.0 

Area subject to flooding (million mu) 360.99 363.53 363.10 365.22 366.38 367.00 360.00 
Flood-prone area controlled {million mu) 283.01 265.99 278.76 281.41 285.87 288.44 290.05 292.00 

As percent of subject area 78.0 76.0 76.8 77.0 78.3 78.7 79.0 80.2 

Saline-alkaline cultivated land (million m u ) 110.36 109.97 115.39 115.08 113.08 113.09 114.80 
Improved saline-alkaline cultivated land 
(million m u ) 65.87 67.11 68.54 69.35 72.45 73.25 74.93 75.00 

As percent of subject area 60.0 61.0 59.0 61.0 63.0 64.8 66.0 67.1 

Area subject to erosion (million m u ) 1,800.0 1,800.0 1,940.0 2,010.0 2,020.0 2,050.0 2,100.0 
Erosion-prone area controlled (million m u ) 640.0 670.0 700.0 719.0 770.0 780.0 790.0 805.0 

As percent of subject area 36.00 37.00 36.00 38.31 38.61 39.00 34.40 

Irrigation districts 
> 10,000 mu (thousands) 5.288 5.319 5.281 5.299 5.302 5.331 5.363 5.539 
>300,000 mu (thousands) 0.143 0.140 0.137 0.141 0.146 0.150 0.148 0.163 



Table A. 14 ( c o n t i n u e d ) 

Category 1983 1984 1985 1986 1988 1989 1990 1991 

Reservoirs (thousands) 
Capaci ty (b i l l ion cubic meters) 

Large reservoirs (thousands) 
Capaci ty (bi l l ion cubic meters) 

M e d i u m reservoirs (thousands) 
Capaci ty (bi l l ion cubic meters) 

Smal l reservoirs (thousands) 
Capaci ty (b i l l ion cubic meters) 

86.567 
420.8 
335 
300.7 

2.367 
64.0 
83.865 

5.61 

84.998 
429.2 
338 
306.8 

2.387 
65.8 
82.273 

5.66 

83.219 
430.1 
340 
307.6 

2.401 

66.1 
80.478 
56.40 

82.716 
443.2 
350 
319.9 

2.415 

66.6 
79.951 
56.70 

82.937 
450.4 
355 
325.2 

2.462 

68.1 
80.120 
57.10 

82.848 
461.7 
358 
335.7 

2.480 

68.8 
80.010 
57.20 

83.387 
466.0 
366 
339.7 

2.499 

69.0 
80.522 
57.30 

83.793 
424.8 
361 
297.1 

2.524 
69.8 
80.908 
57.90 

Embankments (thousand kilometers) 
Protected cult ivated area (mi l l ion m u ) 

170.0 
508.23 

170.0 
531.88 

177.0 
465.90 

185.045 
474.99 

203.0 
484.95 

217.0 
479.49 

226.0 
474.23 

233.0 
474.30 

Water gates (thousands) 
Large (thousands) 
M e d i u m (thousands) 
Smal l (thousands) 

24.980 24.862 24.816 25.315 
0.263 
1.912 

22.805 

0.290 
1.941 

22.631 

0.284 
1.967 

22.565 

0.299 
2.032 

22.984 

26.319 
0.300 
2.060 

23.959 

26.739 27.649 
0.308 0.316 

2.126 
25.207 

Tubewells outfitted (mill ion) 2.410 2.400 2.370 2.364 2.520 2.630 2.730 

Guaranteed irrigation-drainage machinery 
(mi l l i on horsepower] 

Fixed irrigation-drainage stations (thousands) 

Turbine pump stations (thousands) 

78.76 

475.0 

81.00 80.78 

478.0 462.0 

80.15 

456.0 

64.37 

461.0 

28.191 27.621 23.724 22.605 21.128 

66.35 68.05 

474.0 

20.309 

D r i n k i n g water problems solved 
For people (mill ion) 
For l ivestock (mill ion) 

66.60 
39.91 

75.90 
43.19 

84.67 
46.10 

93.89 
55.76 

114.87 
67.56 

123.14 
73.03 

132.77 
79.06 



Table A.14 ( c o n t i n u e d ) 

Category 1983 1984 1985 1986 1988 1989 1990 1991 

Water supplied by projects (b i l l ion cubic meters) 429.0 481.9 

Flood and drought disasters 
Area affected (mi l l ion mu) 423.76 396.76 557.80 672.80 

Disaster area (mi l l ion mu) 200.00 184.47 285.28 321.47 
Flood-affected area (mi l l ion mu) 182.43 159.48 212.96 179.24 

Flood disaster area (mi l l ion mu) 86.21 80.42 134.24 91.92 
Drought-affected area (mi l l i on m u ) 241.33 237.28 334.84 493.56 

Drought disaster area (mi l l ion m u ) 113.79 104.05 150.94 229.55 

Sources: ZGSL (May 1985, 34; June 1986, 34; July 1987,»7j September 1989, I J ; January 1991, 38); 1989 figures for number and capacity of medium and small reservoirs are from 
ZCTJNJ90, 350; ZGTJNJ92, 345-
Note: ZGSL (July 1987) gives 294 large water gates foT 1985. It also reports controlled erosion area as 4.791 square kilometers and irrigation'and drainage machinery as 59.79 
million kilowatts. These have been convened to conform with previous categories. Data for 1969 are from SSB. 

Blank cell - Data not available. 
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Table A.15 Effectively irrigated area, actually irrigated area, and stable, h igh-yie ld fields, 

1987 

A c t u a l l y Stable 
irrigated area high-yield fields 

A s percent A s percent A s percent 
Effectively of of of 

irrigated effective effective actual 
Province area Tota l area Tota l area area 

(mi l l ion mu) 
Beij ing 4.95 4.54 91.7 3.53 71.3 77.8 
T ian j in 5.10 4.44 87.1 3.03 59.4 68.2 
Hebe i 54.29 50.69 93.3 35.01 64.5 69.1 
Shanxi 16.79 13.89 82.7 8.72 51.9 62.8 
N e i m e n g g u 21.04 17.37 82.5 13.03 61.9 75.0 
L i aon ing 14.87 11.38 76.5 12.41 83.5 109.1 
J i l i n 11.29 8.92 79.0 7.52 66.6 84.3 
Hei longj iang 14.49 10.10 69.7 6.63 45.8 65.6 
Shanghai 4.90 4.61 94.1 4.62 94.3 100.2 
Jiangsu 60.82 47.21 77.6 41.80 68.7 88.5 
Zhej iang 22.40 21.84 97.5 15.16 67.7 69.4 
A n h u i 36.58 26.84 73.4 25.82 70.6 96.2 
Fujian 13.83 12.74 92.1 9.43 68.2 74.0 
Jiangxi 27.32 26.15 95.7 19.94 73.0 76.3 
Shandong 67.21 55.55 82.6 48.97 72.9 88.2 
H e n a n 58.60 36.73 62.7 39.82 68.0 108.4 
H u b e i 38.70 28.40 73.4 30.47 78.7 107.3 
H u n a n 39.98 38.02 95.1 31.94 79.9 84.0 
Guangdong 36.69 32.40 88.3 27.11 73.9 83.7 
G u a n g x i 22.29 18.55 83.2 18.00 80.8 97.0 
S ichuan 41.18 34.55 83.9 27.36 66.4 79.2 
G u i z h o u 8.07 6.16 76.3 6.62 82.0 107.5 
Y u n n a n 14.60 13.14 90.0 9.52 65.2 72.5 
X i z a n g 1.94 1.50 77.3 0.00 0.0 0.0 
Shaanxi 18.89 15.23 80.6 11.56 61.2 75.9 
G a n s u 13.13 11.27 85.8 10.64 81.0 94.4 
Q i n g h a i 3.07 2.43 79.2 1.82 59.3 74.9 
N i n g x i a 4.27 3.78 88.5 3.67 85.9 97.1 
Xin j i ang 42.21 39.49 93.6 26.09 61.8 66.1 

C H I N A 719.50 597.92 83.1 500.24 69.5 83.7 

Source: ZGSL (October 19S8, 38). 



Table A . I6 Provinc ia l ranking according to 1978 irrigated area, bunded area, and irrigated dryland 

Tota l Tota l To ta l 
irrigated Bunded Irrigated irrigated Bunded Irrigated irrigated Bunded Irrigated 

Province area area dryland Province area area dry land Province area area dryland 

Shandong 65.98 2.52 63.47 S ichuan 49.54 49.54 0.00 Shandong 65.98 2.52 63.47 
Henan 56.05 6.44 49.61 Jiangsu 50.04 41.07 8.97 Hebe i 54.82 1.60 53.22 
Hebei 54.82 1.60 53.22 H u n a n 40.32 40.32 0.00 H e n a n 56.05 6.44 49.61 
Jiangsu 50.04 41.07 8.97 Guangdong 36.32 36.32 0.00 Xin j i ang 44.09 1.10 43.00 
Sichuan 49.54 49.54 0.00 Jiangxi 30.88 30.88 0.00 Shaanxi 18.74 2.54 16.21 
Xinj iang 44.09 1.10 43.00 H u b e i 35.30 29.36 5.94 Shanxi 16.33 0.18 16.15 
H u n a n 40.32 40.32 0.00 A n h u i 36.33 26.09 10.24 G a n s u 12.76 0.16 12.60 
A n h u i 36.33 26.09 10.24 G u a n g x i 25.62 24.64 0.98 L iaon ing 16.84 5.68 11.16 
Guangdong 36.32 36.32 0.00 Zhej iang 23.67 22.07 1.60 A n h u i 36.33 26.09 10.24 
Hube i 35.30 29.36 5.94 Fujian 15.67 15.67 0.00 Ne imenggu 9.77 0.08 9.69 
Jiangxi 30.88 30.88 0.00 Y u n n a n 16.74 15.23 1.51 Jiangsu 50.04 41.07 8.97 
Guangx i 25.62 24.64 0.98 G u i z h o u 11.99 11.92 0.07 J i l in 12.87 4.54 8.32 
Zhejiang 23.67 22.07 1.60 Henan 56.05 6.44 49.61 H u b e i 35.30 29.36 5.94 
Shaanxi 18.74 2.54 16.21 L iaon ing 16.84 5.68 11.16 Hei longj iang 9.20 3.58 5.63 
Liaoning 16.84 5.68 11.16 Shanghai 5.36 4.75 0.62 T ian j in 5.44 0.48 4.96 
Yunnan 16.74 15.23 1.51 J i l i n 12.87 4.54 8.32 Beij ing 5.10 0.67 4.43 
Shanxi 16.33 0.18 16.15 Hei longj iang 9.20 3.58 5.63 Q ingha i 2.38 0.00 2.38 
Fujian 15.67 15.67 0.00 N i n g x i a 3.61 2.57 1.04 X i z a n g 2.31 0.00 2.31 
J i l in 12.87 4.54 8.32 Shaanxi 18.74 2.54 16.21 Zhej iang 23.67 22.07 1.60 
Gansu 12.76 0.16 12.60 Shandong 65.98 2.52 63.47 Y u n n a n 16.74 15.23 1.51 
G u i z h o u 11.99 11.92 0.07 Hebe i 54.82 1.60 53.22 N i n g x i a 3.61 2.57 1.04 
Neimenggu 9.77 0.08 9.69 Xin j iang 44.09 1.10 43.00 G u a n g x i 25.62 24.64 0.98 
Heilongjiang 9.20 3.58 5.63 Beij ing 5.10 0.67 4.43 Shanghai 5.36 4.75 0.62 
Tian j in 5.44 0.48 4.96 Tian j in 5.44 0.48 4.96 G u i z h o u 11.99 11.92 0.07 
Shanghai 5.36 4.75 0.62 Shanxi 16.33 0.18 16.15 Guangdong 36.32 36.32 0.00 
Beijing 5.10 0.67 4.43 G a n s u 12.76 0.16 12.60 S ichuan 49.54 49.54 0.00 
N i n g x i a 3.61 2.57 1.04 Ne imenggu 9.77 0.08 9.69 Jiangxi 30.88 30.88 0.00 
Qingha i 2.38 0.00 2.38 Qingha i 2.38 0.00 2.38 H u n a n 40.32 40.32 0.00 
Xizang 2.31 0.00 2.31 X i z a n g 2.31 0.00 2.31 Fujian 15.67 15.67 0.00 

Source: Figures from ZGNYDL (1980, 77-791- See Table A.IO. 
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Table A.17 P rov inc ia l i rr igat ion by water source, 1989 

Ratio of 
Reser- storage 

Reser voir as capac
Effec voir percent i ty to 
t ive ly irriga of effec Storage reservoir 

irrigated t ion tive capac irrigation powered irr igat ion 

Province area' area area i ty area Tota l D i e s e l b Elect r ic 

(mi l l ion m u ) (km 3 ) 1 m i l l i o n mu ) 

Beijing 5.08 3.37 66.3 9.303 2,763 4.30 0.00 4.30 
T ian j in 5.13 1.15 22.5 2.516 2,181 5.13 0.46 4.67 
Hebe i 55.24 12.12 21.9 14.263 1,177 50.61 18.67 31.94 
Shanxi 16.72 5.63 33.7 3.932 698 12.20 0.64 11.56 
Ne imenggu 17.30 2.84 16.4 5.970 2,102 10.65 2.76 7.89 
L iaon ing 11.40 7.30 64.0 30.280 4,148 10.15 1.20 8.22 
J i l in 12.54 3.13 25.0 29.994 9,583 9.77 1.93 6.11 
Hei longj iang 11.66 1.94 16.6 6.630 3,418 6.41 3.66 2.75 
Shanghai 4.81 0.00 0.0 0.000 na 4.81 0.00 4.81 
jiangsu 52.97 17.63 33.3 19.023 1,079 47.81 13.45 34.36 
Zhej iang 22.22 11.61 52.3 33.433 2,880 16.78 2.79 13.99 
A n h u i 34.56 13.74 39.8 18.130 1,320 24.88 6.45 18.43 
Fujian 13.66 4.19 30.7 6.837 1,632 2.69 1.30 1.39 
Jiangxi 27.39 10.90 39.8 23.147 2,124 6.02 1.82 4.20 
Shandong 65.33 10.25 15.7 19.201 1,873 57.32 30.93 26.39 
Henan 51.52 10.43 20.2 49.376 4,734 37.55 18.20 19.35 
H u b e i 32.96 22.05 66.9 50.001 2,268 20.39 8.79 11.60 
H u n a n 40.11 23.45 58.5 29.122 1,242 19.75 6.52 13.23 
Guangdong 27.49 15.87 57.7 44.602 2,810 8.76 1.48 7.28 
G u a n g x i 19.95 10.39 52.1 21.769 2,095 3.76 1.62 2.14 
S ichuan 41.77 14.49 34.7 11.813 815 9.22 0.25 8.97 
G u i z h o u 8.23 2.62 31.8 5.152 1,966 0.93 0.12 0.81 
Y u n n a n 15.30 6.09 39.8 6.698 1,100 2.22 0.10 2.12 
X i z a n g 1.81 0.00 0.0 0.000 na 0.10 0.10 0.00 
Shaanxi 18.62 4.25 22.8 4.285 1,008 11.63 0.51 11.12 
G a n s u 12.62 4.20 33.3 8.552 2,036 4.51 0.27 4.24 
Q ingha i 2.51 0.59 23.5 0.201 • 341 0.27 0.05 0.22 
N i n g x i a 3.86 3.18 82.4 1.746 549 0.83 0.04 0.79 
Xingj iang 40.90 13.99 34.2 5.755 411 4.63 1.61 3.02 

Tota l 673.67 237.39 35.2 461.731 1,945 391.59 125.72 265.88 

Source: ZGNYNJ90, 388, 403. 
na - Data not available. 
a. Data from SSB. 
b. Includes all hydrocarbon fuel injector pumps, primarily diesel. 
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Table A . I 8 Gross reduction i n effectively irrigated area and sources of decline i n 1984, 1989, 
and 1990 

Prov ince 
Reduc

t ion 
i n 1984 

Reduc
t ion 

i n 1989 

Reduc
t ion 

i n 1990 

Sources of decline i n 1984 

Prov ince 
Reduc

t ion 
i n 1984 

Reduc
t ion 

i n 1989 

Reduc
t ion 

i n 1990 
Fac i l i 
t ies ' 

Pump-
wells ' ' Water* 

Cons t ruc
tion' 1 Other 

(mi l l ion m u ) (percen t of total decline) 
Bei j ing 0.0648 0.0537 0.0379 1 10 42 23 24 
T i a n j i n 0.1584 0.0565 0.0641 0 39 20 41 0 
H e b e i 4.3223 2.5793 2.2502 1 73 18 0 7 
Shanx i 0.2946 0.1007 0.1131 38 17 24 12 9 
N e i m e n g g u 0.5377 0.2974 0.6235 18 43 17 0 22 
L i aon ing 0.3209 0.1627 0.2315 9 46 21 1 23 
J i l i n 0.3266 0.0665 0.0590 6 46 46 0 2 
Hei longj iang 1.5317 0.3011 0.2963 11 49 3 0 37 
Shanghai 0.1697 0.0400 0.0100 0 0 0 66 34 
Jiangsu 0.6007 1.0703 1.1065 13 5 54 13 15 
Zhe j i ang 0.0637 0.1255 0.1798 0 0 28 28 44 
A n h u i 1.6478 0.1914 0.6117 16 17 9 1 57 
Fuj ian 0.0954 0.1266 0.0564 4 2 11 4 79 
Jiangxi 0.0689 0.0728 0.0711 61 0 20 6 13 
Shandong 1.4415 2.5519 0.8770 16 29 33 9 13 
H e n a n 0.2912 1.7776 7.2110 24 37 14 16 9 
H u b e i 0.2495 0.3100 3.3900 4 0 23 24 48 
H u n a n 0.1222 o.om 0.1544 13 0 9 22 56 
Guangdong 0.2430 0.3491 0.1519 45 0 20 21 13 
G u a n g x i 0.1085 0.1855 0.0583 65 2 9 3 21 
S i chuan 1.4615 0.0270 0.0421 1 0 3 4 92 
G u i z h o u 0.2303 0.0744 0.1670 77 0 0 0 23 
Y u n n a n 0.1926 0.0856 0.0865 27 0 25 13 34 
X i z a n g 
Shaanxi 1.5358 0.1727 0.2023 37 14 8 7 34 
G a n s u 0.0702 0.0815 0.0169 53 25 9 5 8 
Q i n g h a i 0.0105 0.0112 0.0087 0 0 0 0 100 
N i n g x i a 0.0130 0.0844 0 0 0 0 0 
Xin j i ang 0.1018 0.2817 0.7920 0 0 0 0 100 

C H I N A 16.2618 11.2545 18.9536 14 35 16 5 30 

C H I N A Sources of decline i n 1989 18 35 14 10 23 
C H I N A Sources of decline i n 1990 19 22 13 10 36 

Sources: ZGSL (July 1985,13); ZGSLNJ90, 636, ZGSLNJ91, 656. 
Blank cell - Data not available. 
a. Destroyed or abandoned. 
b. Abandoned. 
c. Inadequate or unavailable for a long period. 
d. Land occupied by construction. 
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1. Since then, the State Statistical 
Bureau figure has been increased 
to 47 m i l l ion hectares, whi le the 
Minis t ry of Water Resources total 
has remained at 48 mi l l ion hect
ares. 

2. Cropping figures are commonly 
presented in terms of sown area 
[ b o z h o n g m i a n j i ) , while irrigation 
is usually measured by cultivated 
(or arable) land { g e n g d i ) . Sown area 
is greater, due to multiple crop
ping. 

3. The Minis t ry of Water Re
sources was formerly known in 
English as the Minis t ry of Water 
Conservancy. The Chinese name 
was the same: S b u i l i b u . From 11 
February 1958 to 15 February 
1979, and from 7 March 1982 to 
12 Apr i l 1988, the M W R was 
merged wi th the Minis t ry of 
Electric Power (now superseded by 
the Minis t ry of Energy Resources) 
to form the Min is t ry of Water 
Resources (Conservancy) and 
Electric Power. 

4. Formerly the Min is t ry of Agri
culture, An ima l Husbandry and 
Fisheries. 

5. The Statistics Press was re
stored as the China Statistics 
Press in May 1980 (Wang 1986, 
338). 

6. Tuan and Crook only present 
the English translation. The 
original Chinese report probably 
includes wells wi th diesel pumps, 
as wel l as those wi th electric 
motors. 

7. Fraudulent reporting of statis
tics by local officials was revealed 

to be a problem in a nationwide 
campaign against the practice 
launched in A p r i l 1989. The focus 
of the campaign, which followed a 
three-month survey by the SSB, 
the Min is t ry of Supervision, and 
the Bureau of Legislative Affairs of 
the State Counc i l , was on num
bers reported for grain output, 
farmers' incomes, industrial 
output, investment in fixed assets, 
hotel and government building 
projects, price indexes, and the 
purchasing power of institutions 
[ C h i n a D a i l y , 1 A p r i l 1989, 3). 

8..By comparison, in the Uni ted 
States, the Irrigation Census is 
only carried out roughly every 
decade by the Agriculture D i v i 
sion of the Bureau of the Census. 
Beginning in 19io, the Irrigation 
Census was conducted in 1920, 
1930, 1940, 1950, i960* 1978, and 
1987. The methods used are far 
from labor-intensive. For the 
Irrigation Census covering calen
dar year 1978, report forms were 
mailed late in December 1978 to 
more than 12,000 irrigation orga
nizations identified as possibly 
supplying water to farms and 
ranches for irrigating agricultural 
land. Four mai l follow-ups were 
conducted, followed by telephone 
follow-ups to large complex orga
nizations (Carkey and Chern 
1986, 68). 

9. Reports for 1980, 1981, and 
1982 have not been collected, 
however. The available sources do 
not cover this period. 

10. For a description of these 
categories, see pp. 28-37. 
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I I . The categories were effectively 
irrigated area; actually irrigated 
area; irrigated forests and or
chards; irrigated pasture; stable, 
high-yield field area; power irriga
tion; pump irrigation and drainage 
area; and area irrigated by turbine 
pumps (ZGSL, October 1988, 38}. 

11. The two published by Apr i l 
1993 were Z G S L N J Q O , covering 
statistics up to and including 
1989, and ZGSLNJ91, which 
covers 1990 data. Notably, these 
yearbooks provided an amended, 
usually reduced, series of national 
figures for effectively irrigated 
area before 1983 (see Table A.2). 

13. See the discussion that fol
lows, especially p. i i , "What 
Irrigated Area Measures Mea
sure." 

14. Effectively irrigated area is 
"level land which has water 
sources and complete sets of 
irrigation facilities to lift and 
move adequate water for irrigation 
purposes under normal condi
tions" (ZGTJNJ81, 512-13). For 
further elaboration, see p. 28. 

15. The 1976 adjustments for the 
four provinces were as follows: 
Heilongjiang, 20 percent; Liao
ning, 32 percent; Neimenggu, 36 
percent; and Guangdong, no 
adjustment, as noted in the text. 

16. A n official definition of a 
"completed" pump wel l [ p e i t a o 
j i d i a n j i n g w a n h o u ) could not be 
located. It appears to be a slightly 
more restrictive subcategory of 
"outfitted" pump wells, averaging 
about 90 percent of the latter 
figure. 

17. Nonirrigated bunded fields are 
rare. They are probably most 
common in Yunnan Province, 
where the 2.6 mi l l ion mu of 
"thunder fields" constituted 15 

percent of the 17.4 m i l l ion mu of 
bunded fields in 1987 and the 
identical percentage of the 17.9 
mil l ion mu of bunded fields in 
1978 (YNTJNI88, 212). 

18. These extremes are usually 
estimated hydrologically from 
past records and are themselves 
imprecise predictors of future 
conditions. The possibility of 
global cl imatic change, either 
cyclical or secular, makes their 
long-run predictability even less 
reliable. Since hydrological obser
vations are finite, P - o and P - 1.0 
are asymptotic. 

19. In practice, crop water require
ments are rarely less than the no-
stress min imum at M t . Where 
water is plentiful, a more water-
using cropping system, such as 
one using wet rice, w i l l usually be 
adopted. Also, i n China , precipita
tion and length of growing season 
tend to be positively correlated; 
where there is more water, more 
crops are l ikely to be grown. 
Finally, growing season shortages 
occur occasionally even where 
total annual precipitation is high, 
especially in a monsoonal climate 
such as China's. 

20. Depending on the shape of the 
loss function, the crop decline 
avoided thereby may not offset 
the cost of constructing and 
maintaining an irrigation system. 
This is especially so when the 
"deficit" can be made up by 
improvements in management. 

21. For definitions of "command 
area" and "rate of guarantee," see 
pp. 27 and 29. 

22. This is known elsewhere as 
t h e p r o b a b i l i t y of non-exceedence 
(Mark Svendsen, personal commu
nication). 

23. See Chen Jian (1987). 
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24. During the 1980s, actually 
irrigated area came to be reported 
more frequently than before, and 
may have moved into second 
place. 

25. The definitions for SHYF, 
effectively irrigated area, and 
actually irrigated area are given 
from different sources because a 
single source that included each of 
them was not located. The same 
problem may confront those 
responsible for reporting these 
figures. 

26. "Seriously affected" refers 
here to that area recorded as 
chengzai, defined as where crop 
production declines by at least 30 
percent below that of a "normal 
year" [ c h a n g n i a n ] (2GTJNJ88, 
276). 

27. Two studies involving U.S . 
scholars are Anderson and Maass 
(1983) and Fiering and Yuan 
Ii983»-

18. The table in the original text 
provides data for 1952 through 
1981. 

29. Fiering and Yuan (1983, 15) 
cite figures of 5,500 wells i n the 
People's Victory Canal command 
area, wi th conjunctive use cover
ing 300,000 mu, or about one-half. 
Ca i (1988, 86) gives the conjunc
tive use area as 27,000 hectares, or 
400,000 mu. One source (RMSLQ 
1985, 36) notes reluctance by 
farmers to use more expensive 
well water when surface water is 
available. N i c k u m (1986) observed 
the same phenomenon in another 
Huang He diversion area down
stream in northwest Shandong 
Province. 

30. Stone (1988, 774) elaborates on 
some problems involved wi th 
statistics on cultivated area. Few 
yearbooks publish figures for 

cultivated area, although sown 
area data are widely available. 

31. So termed by L i (1962, 83-108) 
in his analysis of the breakdown of 
the agricultural and industrial 
statistical reporting systems. 

32. These estimates and observa
tions are derived from data in 
Table 8, assuming no change in 
cultivated area between 1957 and 
1958. 

33. Zhang Yue (1984) claimed that 
there had been no readjustment of 
1949-50 figures, but that there 
were more numerous reporting 
systems before 1980. 

34. In 197s, Guangxi claimed an 
irrigated area of 2.0 mi l l ion mu for 
1950. This was well below the 
previously recorded 7.08 m i l l ion 
mu for 1949 and 8.60 m i l l ion mu 
for 1951 [ P e k i n g Review, 14 N o 
vember 1975, 22). 1PAS sources 
were, for 1949, G u a n g x i R i b a o , 4 
October 1959, and, for 1951, 
N a n f a n g R i b a o , 1 March 1952.) 
Later, Guangxi's effectively i r r i 
gated area for the "early period of 
Liberation" (presumably 1949-50) 
was given as 4.25 mi l l ion mu, of 
which 3.38 mi l l ion mu were 
guaranteed (ZGSL, February 1983, 

In the mid-1960s, Shanxi's 
1949 irrigated area was given as 
2.94 m i l l ion mu. This was down 
from the previously reported 3.68 
mil l ion mu ( U S H K A A , reel 2, 
frame 171). {The PAS source for 
1949 was R M R B , 22 December 
1956, 1.) 

Shandong gave its effective 
irrigated area at the end of 1974 as 
36 mi l l ion mu, fourteen times 
that of the early period of Libera
tion, implying a somewhat 
smaller magnitude than the previ
ous 3.53 mi l l ion mu for 1949 and 
3.57 m i l l ion mu for 1950 (FBIS, 11 
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July 1976, E7). (PAS sources 
were, for 1949, H u a b e i j i n g j i d i l i 
[North China economic geogra
phy], 113-29* and, for 1950, 
R M R B , 1 June 1952.) 

Sichuan reported a 1972 
irrigated area of 38 mi l l ion mu, 
seven times that of 1949. The 
areas recorded in PAS for 1949 
and 1950 were both 11.00 m i l 
l ion mu, roughly double the 
revised figure (FBIS, 15 Decem
ber 1972). (The PAS source for 
both years was X i n h u a banyue-
kan (New China semimonthly] 
18, 25 September 1957, 129.) 

35. For a description of the 
trends indicated by those data 
series, see the next section. 

36. The totals for tubewells have 
not changed appreciably since 
the 1970s. Also , the categories 
are not quite comparable, as 
Table 8 is presented in relative 
growth terms and Table 1 lists 
absolute numbers. Putting the 
figures in comparable terms by 
adjusting for size of province 
would probably make the rank 
ordering in the two tables more 
similar. 

37. They also share wi th the 
three northeast provinces the 
property of having a relatively 
small proportion of their cult i
vated area under irrigation. 

38. See M W R E P (1987, 61-43) 
and NNSZY ( i982 , 188). 

39. In recent years, however, 
Jil in has increased its rice area in 
order to increase its grain out
put, much of which is shipped to 
southern parts of China [ C h i n a 
D a i l y , 2 October 1989, 2). 

40. Calculations based on a table 
presented in M W R E P (1987, 43] 
yield a 198s national average 

irrigated area of 65.84 mu for 
diesel-operated pump wells and 
72.76 mu for electrically operated 
pump wells, wi th a pooled mean 
of 70.46 mu. 

41. The lower reaches of the 
western Liao He are in the portion 
of Neimenggu transferred to Jil in 
during 1969-79. See Appendix 1. 

42. This may be slightly conserva
tive. The northwest, wi th an 
abundance of coal and hydro-
power, relies on electricity for 90-
95 percent of its power used in 
irrigation (Table A. 17). As noted 
previously, the national average 
for electrically powered wells is 
72.76 mu. 

Furthermore, another source 
(SXJJ 1985, 129) claims that the 
province's pump wells, dug to a 
depth of 100-270 meters, have an 
"efficiency" [ x i a o l u ) of 100-400 
mu. Pump wells in Shanxi's six 
major basins, it noted, irrigated 
7.59 mi l l ion mu, 94 percent of 
that for the entire province. This 
is well above the 5.4 m i l l i o n mu 
estimated here. 

43. Neimenggu was another 
exception in this period (see "The 
Northeast," this section). 

44. They are unlikely to be based 
on declines net of new additions 
to irrigated land, as those are 
much larger 16 mi l l ion mu i n 
1984 alone (Table A.18). The 
source of Nie's figures is not 
entirely clear, however. Whi le the 
61,000-hectare (930,000 mu) 
decline N i e cites for 1986 is close 
to the 60,000 hectares (900,000 
mu) shown in the M W R totals, the 
30,000 mu difference is difficult to 
explain by rounding, given the 
greater precision of the M W R 
figures. 



45- Such problems plague key 
indices critical to policy-making, 
especially those that measure 
capacity. For two recent explora
tions of the problem of measuring 
other variables in a non-Chinese 
content, see Carpenter {1990) on 
biophysical measures of sustain
able development, and Blejer and 
Cheasty (1991) on fiscal deficits. 
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