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Abstract
In recent years, water resource overexploitation has led to frequent production
and ecological problems in the Xinjiang Production and Construction Corps
(hereinafter referred to as “the Corps”), and scientific and precise assessment of
the current water resource carrying capacity can provide important references
for the Corps’ socio-economic development and ecological environment gover-
nance. The vast majority of the Corps’ socio-economic water use is irrigation
water; therefore, the accuracy of cultivated land area data significantly affects
the evaluation results of the current water resource carrying capacity. However,
in reality, there are certain biases in statistical data of cultivated land area,
which increases the uncertainty in assessing the current water resource carrying
capacity. Based on this, by introducing the Google Earth Engine (GEE) big
data platform and the net cultivated land coefficient, the cultivated land area
was precisely revised; and three irrigation water use scenarios—conventional ir-
rigation, film-mulched irrigation, and mixed irrigation—were simulated to con-
struct a three-category water use accounting system, enabling precise assessment
of the water resource carrying capacity of the Corps and its various divisions.
The results indicate that the cultivated land correction factor for the Corps is
1.27, suggesting approximately a 27% deviation in the Corps’ cultivated land
area; in the mixed irrigation scenario, which is close to actual water use, the to-
tal water demand for the Corps based on statistical cultivated land area data is
106.45$×108𝑚{3}, 𝑤𝑖𝑡ℎ𝑎9.20×108𝑚{3}$, representing a 7.16% overload, and among
the 13 divisions, only the 4th and 10th divisions are not overloaded in water
use, indicating that the excessive occupation of limited water resources by ir-
rigation water and the appropriation of large amounts of ecological water are
the key factors leading to water resource overload and frequent production and
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ecological problems in the Corps. This study achieves a scientific and precise
assessment of the Corps’ current water resource carrying capacity and can pro-
vide references for water resource utilization and optimal allocation, as well as
regional sustainable development in the Corps.
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Abstract

In recent years, frequent production and ecological problems have occurred in
the Xinjiang Production and Construction Corps (hereinafter referred to as the
“Corps”) due to the overloading of water resources utilization. Scientific and
accurate assessment of water resources carrying status can provide important
references for the Corps’ socioeconomic development and ecological environment
management. Irrigation water accounts for the vast majority of the Corps’ so-
cioeconomic water consumption; therefore, the accuracy of cultivated land area
data significantly influences the evaluation results of water resources carrying
status. However, statistical data on cultivated land area contains certain biases
in reality, which increases the uncertainty in assessing water resources carrying
status. Based on this, this study introduces the Google Earth Engine (GEE) big
data platform and net cultivated land coefficient to precisely revise cultivated
land area; and simulates three irrigation water use scenarios—conventional ir-
rigation, above-mulch irrigation, and mixed irrigation—to construct a “living-
production-ecology” water accounting system for accurately assessing the water
resources carrying status of the Corps and its divisions. The results show that
the cultivated land correction coefficient for the Corps is 1.27, indicating that
approximately 27% of the cultivated land area is not included in statistics. In
the mixed irrigation scenario, which is closest to actual water use, the total
water demand of the Corps based on statistical cultivated land area data is
106.45$×10^{8}$ m3, representing a 9.20% surplus relative to the Corps’ to-
tal water diversion. After correcting the cultivated land area through GEE,
the Corps’ total water demand is 125.64$×10^{8}$ m3, with only two divisions
(the Fourth and Tenth Divisions) not exceeding their water use limits. This indi-
cates that irrigation water use excessively occupies limited water resources and
encroaches upon substantial ecological water use, which is the key factor lead-
ing to water resource overloading and frequent production-ecological problems
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in the Corps. This study achieves a scientific and accurate assessment of the wa-
ter resources carrying status of the Corps and can provide references for water
resources utilization, optimal allocation, and regional sustainable development.

Keywords: water resources carrying status; accurate calculation; Google Earth
Engine; Xinjiang Production and Construction Corps; irrigation water; overload
rate

1 Study Area Overview
The Xinjiang Production and Construction Corps (hereinafter referred to as the
“Corps”) was established in 1954 and undertakes the national responsibility of
garrisoning and cultivating border areas[27]. The Corps comprises 14 divisions,
among which the Eleventh Division is a construction engineering division, while
the remaining 13 divisions are agricultural production divisions. Since the water
consumption of the Eleventh Division is very limited, it was not included in the
total water demand accounting scope of the Corps. The spatial distribution of
each division is shown in Table 1.

Northern Xinjiang has relatively high irrigation water-saving levels and a rel-
atively humid climate, where 28.86% of the Corps’ total water consumption
supports 54.99% of the total cultivated land area. The 13 divisions in South-
ern Xinjiang are mainly distributed along the edge of the Tarim Basin, using
69.06% of the Corps’ total water consumption to support 42.21% of the total
cultivated land area. Eastern Xinjiang has only the Thirteenth Division, whose
total water consumption and cultivated land area account for 2.80% and 2.07%
of the Corps’ proportions, respectively.

2 Data Sources and Analysis Methods
2.1 Data Sources

Data on total water resources and water supply for the Corps and its divi-
sions were obtained by consulting the Corps Statistical Yearbook, local water
resources bulletins, and government gazettes. Since water supply data for each
division in 2017 were not published, and the Corps’ water diversion has re-
mained basically stable around 120$×10^{8}$ m3 in recent years, this study
uses 2016 water supply data for each division as the benchmark to assess the
water resources carrying status of the Corps and its divisions. Additionally,
data on total cultivated land area, total sown area, main crop planting scale,
population, and industrial added value for the Corps and its divisions were
obtained from the Corps Yearbook and Xinjiang Production and Construction
Corps Statistical Yearbook.

2.2 Analysis of Water Resources Carrying Status in the Corps

Given that the divisions and regiments of the Corps are relatively scattered
throughout the Xinjiang Uygur Autonomous Region, the amount of in-stream
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ecological water use within jurisdiction is difficult to measure. Therefore, this
study only considers off-stream ecological water use required for urban greening
and other purposes. Under this background, water resources carrying status
refers to the overload degree of theoretical socioeconomic and ecological water
demand relative to actual water supply under current socioeconomic develop-
ment levels. The calculation formula is as follows:

𝐶 = 𝐷 − 𝑆
𝑆 × 100%

where C is water resources carrying status (%); D is theoretical water demand
of the study area (108 m3); and S is actual water supply (108 m3). When C
< 0, regional water resources utilization is not overloaded, and the absolute
value of C represents current water resources utilization rate; when C > 0,
regional water resources utilization is overloaded, and the carrying status repre-
sents the current water resources utilization overload degree—the larger the C
value, the more severe the overload. Referring to the water quantity carrying
status discrimination rules in the National Water Resources Carrying Capacity
Monitoring and Early Warning Technical Outline (Revised Draft), the water
resources carrying status judgment criteria are established as follows: when C
< -10%, regional water resources utilization is not overloaded; when -10% ≤ C
≤ 0, regional water resources utilization is in a critical state; when C > 0, water
resources utilization is overloaded. The overload statuses are further categorized
as general overload (0 < C ≤ 10%), moderate overload (10% < C ≤ 20%), and
severe overload (C > 20%).

2.3 Correction of Crop Sown Area Based on GEE Big Data Platform

To improve the accuracy of carrying status assessment results, this study ex-
tracted cultivated land within each division’s jurisdiction using massive medium-
resolution imagery provided by the GEE cloud computing platform. High-
resolution image sample areas were obtained based on Google Earth, and the
net cultivated land coefficient (the proportion of non-irrigated area such as field
ridges removed from cultivated land) was calculated to achieve precise measure-
ment of the net irrigated cultivated land area in the study area.

First, all Landsat images covering the Corps’ jurisdiction in 2016 that had un-
dergone atmospheric correction were screened. The median value of each band
and each pixel of the selected images was taken for compositing to generate a
cloud-free Landsat image collection, which was then interpreted using a Ran-
dom Forest (RF) classifier. Each band of the composited Landsat images was
used as input parameters for the classifier, with parameters set as tree number
= 100 and pixel size = 30 m × 30 m for cultivated and non-cultivated land inter-
pretation. High-definition data for 100 cultivated and non-cultivated areas were
randomly selected from Google Earth as training samples, and 100 cultivated
sample data points were extracted as verification points. The overall interpreta-
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tion accuracy was 95.38%, which is sufficiently high to meet subsequent analysis
requirements.

This study determined the number of sample plots by division based on the
Corps’ cultivated land scale and calculated the net cultivated land coefficient.
Specifically, the First, Sixth, and Eighth Divisions each had 10 sample plots;
the Twelfth, Thirteenth, and Fourteenth Divisions each had 5 sample plots;
and the remaining divisions each had 8 sample plots. The sample plot area
was set at 300 m × 300 m. High-resolution images from Google Earth were
used to extract and calculate the total area of each sample plot and the total
non-cultivated land area within the sample plot, thereby calculating the net
cultivated land coefficient of the sample plot. This approach enabled correction
of the cultivated land area for each division and further correction of crop sown
area as follows:

𝑆𝑛′
𝑖 = 𝑆𝑛𝑖 × 𝐴′

𝑖
𝐴𝑖

= 𝑆𝑛𝑖 × 𝐼𝑖

𝑇𝑖 = 𝐴′
𝑖

𝐴𝑖

where 𝑆𝑛′
𝑖 represents the corrected sown area of crop n in division i (102 hm2);

𝑆𝑛𝑖 represents the sown area of crop n in division i before correction (102

hm2); 𝐴′
𝑖 is the cultivated land area of division i obtained from remote sensing

interpretation (102 hm2); 𝐼𝑖 is the net cultivated land coefficient of division i;
𝐴𝑖 is the cultivated land area of division i in statistical data (102 hm2); and 𝑇𝑖
is the cultivated land correction coefficient.

2.4 Calculation of Total Water Demand and Various Water Demands
in the Corps

2.4.1 Calculation of Total Water Demand and Various Water De-
mands in the Corps The actual water demand of the Corps includes so-
cioeconomic water demand and ecological water demand. Socioeconomic water
demand comprises domestic water demand and production water demand, while
ecological water demand in this study only includes off-stream ecological water
demand. The specific calculation formula is as follows[25]:

𝑊 = 𝑊𝑙𝑖𝑓𝑒 + 𝑊𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 + 𝑊𝑒𝑐𝑜𝑙𝑜𝑔𝑦

where W represents total water demand (108 m3); 𝑊𝑙𝑖𝑓𝑒, 𝑊𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛, and
𝑊𝑒𝑐𝑜𝑙𝑜𝑔𝑦 represent domestic, production, and ecological water demands (108

m3), respectively. The sub-calculation formulas for production and ecological
water demands are as follows:
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𝑊𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 = 𝑊𝑢𝑟𝑏𝑎𝑛 + 𝑊𝑖𝑛𝑑𝑢𝑠𝑡𝑟𝑖𝑎𝑙 + 𝑊𝑎𝑔𝑟𝑖𝑐𝑢𝑙𝑡𝑢𝑟𝑎𝑙

𝑊𝑎𝑔𝑟𝑖𝑐𝑢𝑙𝑡𝑢𝑟𝑎𝑙 = 𝑊𝑝𝑙𝑎𝑛𝑡𝑖𝑛𝑔 + 𝑊𝑙𝑖𝑣𝑒𝑠𝑡𝑜𝑐𝑘 + 𝑊𝑓𝑜𝑟𝑒𝑠𝑡−𝑔𝑟𝑎𝑠𝑠

𝑊𝑒𝑐𝑜𝑙𝑜𝑔𝑦 = 𝑊𝑜𝑓𝑓−𝑠𝑡𝑟𝑒𝑎𝑚

where 𝑊𝑢𝑟𝑏𝑎𝑛 and 𝑊𝑖𝑛𝑑𝑢𝑠𝑡𝑟𝑖𝑎𝑙 represent urban public and industrial water de-
mands (108 m3), respectively; 𝑊𝑝𝑙𝑎𝑛𝑡𝑖𝑛𝑔, 𝑊𝑙𝑖𝑣𝑒𝑠𝑡𝑜𝑐𝑘, and 𝑊𝑓𝑜𝑟𝑒𝑠𝑡−𝑔𝑟𝑎𝑠𝑠 represent
planting, livestock, and forest-grassland irrigation water demands (108 m3), re-
spectively; and 𝑊𝑜𝑓𝑓−𝑠𝑡𝑟𝑒𝑎𝑚 represents off-stream ecological water demand (108

m3). The total Corps water demand and water demand of each department is
the sum of the corresponding water demands of each division.

2.4.2 Calculation of Planting Industry Water Demand Planting indus-
try water demand is calculated based on crop irrigation quotas and the precisely
corrected sown area. According to investigations by the Chinese Academy of En-
gineering[25] on water supply and demand in Xinjiang, differential calculations
were implemented for various water use quotas in northern Xinjiang, southern
Xinjiang, and eastern Xinjiang divisions when estimating the Corps’ total water
demand. Crop irrigation quotas were determined based on the Xinjiang Uygur
Autonomous Region Local Standard—Agricultural Irrigation Water Quota (DB
65/3611-2014) (hereinafter referred to as the “Standard”) and field survey re-
sults. Three scenarios were established:

Conventional irrigation scenario (“conventional” scenario): Crops were
calculated using the conventional irrigation quota values at a 75% irrigation
guarantee rate specified in the Standard. Due to the development of irrigation
water-saving technologies, this scenario would overestimate water demand for
some crops to a certain extent and can be considered the upper limit of planting
industry water demand, i.e., a high water demand scenario.

Above-mulch irrigation scenario (“mulch” scenario): Crops were calcu-
lated using the above-mulch irrigation quota values at a 75% irrigation guaran-
tee rate specified in the Standard. For some crops that rarely use water-saving
technologies for irrigation, this scenario would underestimate water demand to
a certain extent and can be considered the lower limit of planting industry water
demand, i.e., a low water demand scenario.

Mixed irrigation scenario (“mixed” scenario): This scenario integrates
different irrigation quota standards from the Standard and field survey condi-
tions, setting corresponding irrigation quotas based on the actual main irrigation
modes for different crops. According to field investigations, cotton widely em-
ploys high-level water-saving irrigation technologies during planting; therefore,
the above-mulch irrigation quota at a 75% irrigation guarantee rate was used
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as the water demand for cotton. For grain crops such as wheat, corn, and rice,
the conventional irrigation quota at a 75% irrigation guarantee rate is generally
lower than the actual irrigation amount. Therefore, the final irrigation quota
was increased by 30% of the difference between the conventional irrigation quota
and the above-mulch irrigation quota on the basis of the conventional irrigation
quota to make it closer to the actual irrigation amount. Other crops were cal-
culated using the conventional irrigation quota at a 75% irrigation guarantee
rate.

Since soil salinity content is generally high in southern Xinjiang, cultivated land
and garden plots must be irrigated once before planting each year[12,26-28].
Considering the water-saving technology level of the Corps’ planting industry
production[25], the salt-leaching irrigation quota was uniformly set at 1950 m3・
hm−2 based on actual survey conditions, and the water required for salt-leaching
irrigation was included in the water demand for cultivated land and garden plot
planting. The final planting industry water demand calculation formula is:

𝑊𝑝𝑙𝑎𝑛𝑡𝑖𝑛𝑔 =
𝑁

∑
𝑛=1

(𝑆𝑛𝑛𝑖 × 𝑄𝑛𝑖 × 10−2) + 1950 × 𝐶𝑖

where n represents the main crop types in the division; 𝑆𝑛𝑛𝑖 is a function
of condition r. When calculating the planting industry water demand before
correction for division i, 𝑆𝑛𝑛𝑖 = 𝑆𝑛𝑖; when calculating after correction for
division i$, 𝑆𝑛𝑛𝑖 = 𝑆𝑛′

𝑖; 𝑄𝑛𝑖 represents the irrigation quota for crop n* in
division i (m{3}・hm{-2}); s is a discriminant function—if division i is located
in southern Xinjiang (i.e., the First, Second, Third, and Fourteenth Divisions),
then s = 1, otherwise s = 0; and 𝐶𝑖 is the cultivated land area of division i
(10^{2} hm^{2}).

2.4.3 Calculation of Non-Planting Industry Water Demand Non-
planting industry water demand includes domestic water, urban public water,
industrial water, and agricultural water (forest-grassland irrigation and live-
stock water) in production water, as well as in-stream and off-stream ecological
water in ecological water[25]. The specific calculation process is shown in Table
3.

3 Results and Analysis
3.1 Analysis of Cultivated Land Correction Coefficient and Planting
Scale

Figure 1 shows the sown area before and after interpretation correction and the
cultivated land correction coefficient for the 13 divisions. Overall, the Corps’ cul-
tivated land correction coefficient is 1.27, indicating that approximately 27% of
cultivated land is not included in statistics. Among the 13 agricultural produc-
tion divisions, the Fifth Division has the highest correction coefficient at 1.48,
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while the Sixth Division has the lowest at only 1.11. The average correction
coefficients for the 8 divisions in northern Xinjiang, 4 divisions in southern Xin-
jiang, and 1 division in eastern Xinjiang are 1.24, 1.33, and 1.35, respectively.
Eastern Xinjiang has the highest coefficient, but this region only includes the
Thirteenth Division, which ranks fourth among all divisions. Northern Xinjiang
has the lowest overall correction coefficient, but the divisions with the highest
and lowest coefficients are both located in northern Xinjiang. Although the
Eighth Division’s correction coefficient of 1.23 is lower than the Corps average,
its corrected planting scale remains the largest due to its cultivated land area
far exceeding other divisions (over 30×10^{4} hm^{2}). The Fourteenth Di-
vision in southern Xinjiang has the smallest corrected cultivated land area at
1.40×10^{4} hm^{2}. According to regional statistics, the total sown areas of
the 8 northern Xinjiang divisions, 4 southern Xinjiang divisions, and 1 east-
ern Xinjiang division are 110.76×10^{4} hm^{2}, 46.85×10^{4} hm^{2}, and
3.46×10^{4} hm^{2}, respectively, accounting for 68.76%, 29.09%, and 2.15%
of the Corps’ total sown area.

[Figure 1: see original paper]

3.2 Analysis of Water Demand in the Corps

Based on statistical cultivated land data, the Corps’ total water demands
under the “conventional,” “mulch,” and “mixed” irrigation scenarios are
115.87×10^{8} m^{3}, 96.53×10^{8} m^{3}, and 106.45×10^{8} m^{3},
respectively, with significant differences among divisions (Figure 2). Compared
with the Corps’ actual engineering water supply of 117.24×10^{8} m^{3},
none of the three scenarios are overloaded, but the “conventional” and “mixed”
irrigation scenarios are in a critical state, with surpluses of 1.17% and 9.20%,
respectively. The Corps’ agricultural water proportion is extremely high, with
agricultural water demands under the three scenarios accounting for 95.68%,
94.98%, and 95.30% of total water demand, respectively, indicating that
agricultural production scale determines the water demand of each division.

Based on remote sensing-corrected cultivated land data, the Corps’ total water
demands under the “conventional,” “mulch,” and “mixed” irrigation scenarios
are 137.65×10^{8} m^{3}, 114.24×10^{8} m^{3}, and 125.64×10^{8} m^{3},
respectively—about 20×10^{8} m^{3} higher than calculations based on sta-
tistical data. Only the “mulch” irrigation scenario does not exceed the Corps’
actual water supply of 117.24×10^{8} m^{3}. Although the correction coeffi-
cient in eastern Xinjiang is the highest, the region only includes the Thirteenth
Division, whose water demand remains relatively small. Under the three irriga-
tion scenarios, the total water demand of the Corps is 125.64×10^{8} m^{3} in
the mixed irrigation scenario.

[Figure 2: see original paper]

Under the mixed irrigation scenario, the First Division has the highest total
water demand, followed by the Eighth Division; the Twelfth Division has the
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lowest, with the Ninth, Tenth, Thirteenth, and Fourteenth Divisions also having
relatively low water demands. Since grain crops (rice, wheat, and corn), cotton,
and other crops have different irrigation quotas, each division’s total water de-
mand is also affected by planting structure. Most divisions have smaller grain
planting scales than cotton, so the increase in grain water demand is offset by
the decrease in cotton water demand. Only the Fourth and Ninth Divisions
have slightly higher water demands in the “mixed” scenario than in the “con-
ventional” scenario; the remaining divisions have medium water demands in the
“mixed” scenario.

Under the mixed scenario, water demand components for each division are basi-
cally dominated by planting (Table 4). The Ninth Division is the only division
without cotton planting, so its water demand in the mixed scenario is higher than
in the conventional scenario. Additionally, the Fourth Division has the largest
sown area of grain crops (rice, wheat, and corn) among all divisions, accounting
for 52.51% of major crop area, while cotton accounts for only 4.79%, making
its total water demand in this scenario reach 4.36×10^{8} m^{3}, even higher
than the 4.42×10^{8} m^{3} in the conventional scenario. The Twelfth Division
has relatively high water demand for other industries and domestic/ecological
uses, with domestic, industrial, urban public, and off-stream ecological water
demands accounting for 11.06%, 0.30%, 3.32%, and 0.41%, respectively, rank-
ing first among all divisions, indicating a relatively high industrialization level.
In contrast, the Fourteenth Division in southern Xinjiang has a total water de-
mand of 2.50×10^{8} m^{3}, with a water demand scale closest to the Twelfth
Division, but its agricultural water proportion is the highest at 98.06%, leaving
almost no water for other uses, with industrial water accounting for only 0.27%—
the lowest among all divisions, indicating a small industrial development scale.

3.3 Analysis of Water Resources Carrying Status in the Corps

3.3.1 Water Resources Carrying Status Based on Statistical Data
Based on the mixed irrigation scenario calculated from statistical data, the
water resources carrying status of each division was analyzed (Table 5). The
Corps’ total water supply is 117.24×10^{8} m^{3}, and the total water demand
under the mixed irrigation scenario is 106.45×10^{8} m^{3}, which does not
exceed the supply. In this scenario, a total of 6 divisions are in a critical state,
while the other 7 divisions show varying degrees of overload. The Eighth Di-
vision has the highest water resources overload at 1.98×10^{8} m^{3}, while
the Ninth Division has the most severe overload status. The Fourth and Tenth
Divisions have relatively high water resources surpluses of 9.61×10^{8} m^{3}
and 9.76×10^{8} m^{3}, respectively, with surplus ratios as high as 9.19% and
9.99%.

From a regional perspective, the Second and Third Divisions in southern Xin-
jiang are not overloaded; the First and Fourteenth Divisions are generally over-
loaded with degrees of 4.70% and 3.25%, respectively. Eastern Xinjiang’s Thir-
teenth Division is moderately overloaded at 27.34%. Among all divisions, al-
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though the Twelfth Division has the lowest total water demand in the Corps,
it is in a critical state due to its agricultural water demand proportion being
the lowest. The Ninth Division, with the most severe overload status, and the
Eighth Division, with the largest overload volume, are both located in northern
Xinjiang. Additionally, the Fifth and Twelfth Divisions in northern Xinjiang
have water supply surpluses of 0.23×10^{8} m^{3} and 0.27×10^{8} m^{3},
respectively.

3.3.2 Water Resources Carrying Status Based on Remote Sensing-
Corrected Cultivated Land Data The total water demand under the
mixed irrigation scenario estimated based on remote sensing-corrected culti-
vated land data is 125.64×10^{8} m^{3}, indicating that the Corps’ water
resources utilization is overloaded by 7.16%, and the contradiction between
water supply and demand is more prominent in local areas (Figure 3). Only
the Fourth and Tenth Divisions are not overloaded; the Second, Sixth, and
Twelfth Divisions are in a critical state; and the other divisions have varying
degrees of overload, with 5 divisions in general overload status and 4 divisions
in severe overload status. Among the overloaded divisions, the First Division
has the highest overload volume at 5.46×10^{8} m^{3}, mainly due to its
excessively large agricultural production scale and constraints from agricultural
production conditions. The Eighth Division ranks second in overload volume
due to its largest cultivated land scale in the Corps—although it has advanced
water-saving technology, its excessive scale leads to severe water resources
overload of about 4.94×10^{8} m^{3}. In terms of overload degree, the Ninth
Division still has the highest water resources overload degree, followed by the
Thirteenth Division (moderate overload), and the Eighth and First and Fifth
Divisions.

[Figure 3: see original paper]

4 Conclusions
Using the GEE big data platform, this study accurately measured the Corps’ ac-
tual cultivated land area and planting scale through precise remote sensing inter-
pretation. Simultaneously, it constructed a comprehensive “living-production-
ecology” water accounting system, achieving accurate accounting of the Corps’
water use and providing references for water resources utilization, optimal al-
location, and regional sustainable development. The main conclusions are as
follows:

1) The Corps’ cultivated land correction coefficient is 1.27, indicating that
approximately 27% of cultivated land is not included in statistics, with
division-level coefficients ranging from 1.11 to 1.48. The total water de-
mands of the Corps under the conventional irrigation, above-mulch irri-
gation, and mixed irrigation scenarios calculated from statistical data are
115.87×10^{8} m^{3}, 96.53×10^{8} m^{3}, and 106.45×10^{8} m^{3},
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respectively. Compared with the Corps’ actual engineering water sup-
ply total of 117.24×10^{8} m^{3}, none of the three irrigation scenar-
ios reaches overload. However, after remote sensing correction of cul-
tivated land area, the total water demands under the three scenarios
are 137.65×10^{8} m^{3}, 114.24×10^{8} m^{3}, and 125.64×10^{8}
m^{3}, respectively. Only the above-mulch irrigation scenario is not over-
loaded.

2) Comparing the Corps’ water demand under the mixed irrigation scenario
before and after cultivated land area correction shows that before correc-
tion, the Corps’ water resources were not overloaded and still had sur-
plus, while after correction, the results show that the Corps’ total water
resources are overloaded by 7.16%. Only 2 of the 13 divisions are not over-
loaded. Existing studies have found phenomena such as cultivated land
salinization, vegetation degradation, surface water cutoff, and groundwa-
ter level decline in the Corps[5,12,20,25], which provide strong evidence
of water resources overload. Therefore, accurate correction of cultivated
land area is key to achieving precise assessment of water resources carrying
status. The comprehensive “living-production-ecology” water accounting
system constructed in this study enriches water use details and structure,
becoming an important foundation for precise analysis of water resources
carrying status.

3) According to the Xinjiang Production and Construction Corps Statistical
Yearbook and the calculation results of this study, agriculture uses 96.01%
of economic water to produce only 21.69% of output value, while industry
and services use 2.95% of economic water to produce 78.31% of output
value. Relying solely on agriculture is insufficient to drive the Corps’ eco-
nomic development. The principle of “determining land by water”[12,20]
must be adhered to, and production methods must be transformed while
ensuring food security[25] to guarantee water use for new industrialization
and urbanization. Additionally, the distribution of water resources within
the Corps’ jurisdiction does not completely match the socioeconomic de-
velopment pattern, and the reasons for overload vary among divisions and
regions. There is an urgent need to accelerate basin water resources al-
location, strengthen refined management, and comprehensively improve
water resources carrying capacity[12,20,25,31].
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