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Abstract
Water footprint is an indicator measuring the amount of water resources di-
rectly or indirectly consumed by consumers or producers, and has been widely
applied in global and regional virtual water trade analysis and research. This
paper provides a relatively comprehensive review of research on water footprint
assessment of agricultural products at different spatial scales, including global,
national, and regional levels. Over the past decade, research on agricultural wa-
ter footprints has shifted from focusing primarily on the analysis and evaluation
of virtual water volumes in global agricultural trade before 2008, to emphasiz-
ing detailed accounting studies of direct and indirect water consumption during
agricultural production processes at national or regional scales after 2009. Wa-
ter footprint assessment exhibits significant spatial distribution characteristics;
to obtain accurate, comprehensive, and objective information on the water foot-
print of agricultural production, it is essential to consider factors such as regional
geographic features, soil physicochemical properties, climate change, production
technologies, and pollutant eco-toxicity. Water resource management decisions
should comprehensively incorporate the green, blue, and grey water footprints
of agricultural products, as the blue water footprint represents direct consump-
tion of societal freshwater resources and is crucial for international trade policy
formulation, while the grey water footprint assessment more explicitly reflects
the environmental impacts of agricultural production. Achieving the protection
and sustainable utilization of agricultural water resources globally or region-
ally requires not only improving water use efficiency in agricultural production,
but also adjusting agricultural production structures, patterns and directions of
virtual water trade in agricultural products, and reducing water waste during
product distribution and dietary consumption.
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Abstract: Water footprint (WF) is an indicator measuring the direct and
indirect water use of consumers or producers and has been widely applied in
analyzing global and regional virtual water trade. This paper provides a com-
prehensive review of water footprint assessment for agricultural products across
different spatial scales. Over the past decade, research on agricultural water
footprints has shifted from global-scale virtual water trade analysis before 2008
to detailed accounting of direct and indirect water consumption during agri-
cultural production at national or regional scales after 2009. Water footprint
assessment exhibits distinct spatial distribution characteristics, necessitating
consideration of regional geographic features, soil physicochemical properties,
climate change, production technologies, and pollutant ecotoxicity to obtain
accurate and comprehensive information on agricultural production water foot-
prints. Water resources management decisions should integrate green, blue, and
grey water footprints of agricultural products, as blue water footprints represent
direct consumption of social freshwater resources—critical for international trade
policy—while grey water footprints more explicitly reflect environmental impacts
of agricultural production. Achieving global or regional agricultural water re-
source protection and sustainable utilization requires not only improving water
use efficiency in agricultural production but also adjusting agricultural produc-
tion structures, patterns, and directions of virtual water trade in agricultural
products, while reducing water waste during product distribution and dietary
consumption.

Keywords: Agricultural product; Water footprint; Green water; Blue water;
Grey water

Introduction

With continuous global population growth and rapid socioeconomic develop-
ment, human demand for available freshwater resources has increased dramat-
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ically, intensifying water supply pressure. Water scarcity has become a bot-
tleneck factor for sustainable human development. Consequently, improving
water resource utilization efficiency, optimizing water allocation, and formulat-
ing long-term sustainable water use planning decisions—particularly evaluating
human water consumption—have become hot research topics among scientists
worldwide. The concept of water footprint [1] and its assessment methodology
provide practical approaches for accounting water resource utilization and con-
sumption. Although domestic and international scholars still debate whether
water footprint assessment can accurately account for water consumption of
products or services [2-5], literature retrieval and analysis based on WOS (Web
of Science) and CNKI (China National Knowledge Infrastructure) show that
since the concept and methodology were proposed in 2002, researchers have con-
ducted extensive studies at global [6-9], national [4,10-13], and regional [14-22]
scales on water consumption by producers, consumers, societies, or individuals,
as well as sustainable water resource utilization. Despite limited research reports
on agricultural product water footprint accounting, studies at different spatial
scales have received increasing attention from scientists since 2008. According
to water footprint assessment indicators, 91% of global freshwater consumption
is used for agricultural production [23], while in Hebei Province—where water re-
source pressure is most severe in China—96.35% of water consumption is used for
agricultural production [19]. Therefore, agricultural production water footprint
assessment is crucial for scientifically formulating national or regional water
resource management strategies.

As a major agricultural country and one of the world’s most water-scarce regions
[24], China has seen growing attention from scientists toward water footprint
assessment and virtual water trade research for agricultural products [2,18-22].
Since agricultural production is the primary sector of global freshwater consump-
tion and agricultural product yield and quality are significantly affected by water
stress [25-26], this paper—based on summarizing domestic and international re-
search status of virtual water trade accounting for grain crops, vegetables, fruits,
and other agricultural products—analyzes the validity and importance of agricul-
tural water footprint accounting results at global, national, and regional scales,
summarizes limitations of agricultural water footprint assessment methods, and
provides future research perspectives.

1.1 Definition of Water Footprint

Water footprint is a volumetric indicator measuring water consumption and
pollution [1], specifically referring to the total direct and indirect water resources
required for all products and services consumed by a region (a country, area,
or individual) within a certain period. Water footprint assessment comprises
three components: blue water footprint, green water footprint, and grey water
footprint. It includes blue water resources stored in rivers, lakes, wetlands, and
shallow groundwater layers (blue water footprint), green water resources stored
in unsaturated soil layers and consumed through vegetation evapotranspiration
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(green water footprint), and “grey water footprint”resulting from pollution.

1.2 Crop Water Footprint Accounting Methods

The water footprint during crop growth includes green, blue, and grey water
components. “Green water”consumption refers to total rainwater evapotran-
spiration in fields during crop growth, while“blue water”consumption refers to
evapotranspiration from field irrigation. Agricultural product water footprints
are primarily estimated using the Cropwat model [27] or field experimental data
based on crop water requirements, growth period precipitation, and irrigation
water volume. Green, blue, and grey water footprints consumed during crop
growth are estimated through formulas (1)-(3):

WFproc,green = CWUgreen
𝑌 (1)

WFproc,blue = CWUblue
𝑌 (2)

WFproc,grey = 𝛼 × AR
(𝐶max − 𝐶nat) × 𝑌 (3)

where WF_{proc},green, WF_{proc},blue, and WF_{proc},grey repre-
sent green, blue, and grey water footprints during crop growth (m3・t−1);
CWU_{green} and CWU_{blue} represent “green water”and “blue water”
consumption during crop growth—i.e., total rainwater evapotranspiration
and irrigation evapotranspiration in fields (m3・hm−2); Y is crop yield (t・
hm−2); AR is fertilizer application rate per hectare (kg・hm−2); 𝛼 is leaching
rate (proportion of applied chemicals entering water bodies), typically 10%;
C_{max} is maximum allowable pollutant concentration (kg・m−3); and
C_{nat} is natural background pollutant concentration (kg・m−3).

Pollutants typically include fertilizers (N, P, etc.), herbicides, and pesticides.
Calculations only consider“wastewater flow”entering freshwater bodies, usually
referring to the proportion of applied fertilizers or pesticides entering water
bodies from soil. Generally, only the most critical pollutant—producing the
largest grey water footprint—needs calculation.

Total green and blue water consumption during crop growth in the above for-
mulas are calculated separately through formulas (4)-(5):

CWUgreen = 10 ×
lgp

∑
𝑑=1

ETgreen (4)

CWUblue = 10 ×
lgp

∑
𝑑=1

ETblue (5)
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where ET_{green} is green water evapotranspiration (mm); ET_{blue} is blue
water evapotranspiration (mm); lgp represents crop growth period length in
days; and the constant factor 10 converts water depth (mm) to water volume
per unit land area (m3・hm−2).

Crop green and blue water consumption are typically estimated using the crop
water requirement method. Based on crop water requirement (CWR, mm) under
specific climate conditions, effective precipitation during the same period (Peff,
mm), and irrigation requirement (IR, mm), green and blue water consumption
are determined using formulas (6)-(8):

ETgreen = min(ET𝑐, 𝑃eff) (6)
ETblue = max(0,ET𝑐 − 𝑃eff) (7)

IR = max(0,CWR − 𝑃eff) (8)

where ET_c is total crop evapotranspiration (mm); CWR is crop water require-
ment (mm); IR is crop irrigation requirement (mm). Crop water requirement is
calculated using the Penman-Monteith model [formula (9)] to estimate reference
crop daily evapotranspiration and the crop coefficient method [formula (10)] [28].
Crop irrigation requirement is calculated as the difference between crop water
requirement and effective precipitation (i.e., equivalent to crop water deficit).
If effective precipitation exceeds crop water requirement, irrigation requirement
equals zero. Green water evapotranspiration (rainfall evapotranspiration) is the
smaller value between total crop evapotranspiration (ET_c) and effective pre-
cipitation (Peff). Blue water evapotranspiration (irrigation water evapotranspi-
ration) equals total crop evapotranspiration minus effective precipitation, with
a value of 0 when effective precipitation exceeds crop evapotranspiration.

The Penman-Monteith formula for estimating reference crop daily evapotranspi-
ration is:

ET0−PM = 0.408Δ(𝑅𝑛 − 𝐺) + 𝛾 900
𝑇 +273 𝑢2(𝑒𝑠 − 𝑒𝑎)

Δ + 𝛾(1 + 0.34𝑢2) (9)

where ET_0-PM is reference crop daily evapotranspiration estimated by
Penman-Monteith (mm・d−1); (R_n - G) is daily available energy (MJ・m−2・
d−1); R_n is daily net radiation (MJ・m−2・d−1); G is daily soil heat flux
(MJ・m−2・d−1); 𝛾 is the psychrometric constant (kPa・°C−1); Δ is the slope
of saturation vapor pressure curve (kPa・°C−1); e_s and e_a are saturation
vapor pressure and actual vapor pressure (hPa); T is daily mean temperature
(°C); u_2 is daily mean wind speed at 2 m height (m・s−1); and K_c is crop
coefficient.

Under rain-fed agriculture conditions, blue water evapotranspiration during crop
growth is 0 (mm), and actual crop water consumption (ET_a) equals green
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water evapotranspiration (ET_{green}, mm), estimated according to formula
(7), while blue water footprint is estimated according to formula (11):

WF𝑏 = 𝐷
𝑌 (11)

where WF_b is blue water footprint under rain-fed agriculture conditions; D is
deep percolation (mm).

Water footprints for crops in protected facilities include blue and grey water
components. Water consumption in facilities equals blue water evapotranspira-
tion, which can be calculated based on soil water balance principles [formula
(12)]:

ET = 𝐼 + Δ𝑊 − 𝐷 (12)

where I is irrigation amount (mm); ΔW is change in soil water storage (mm); D
is drainage (mm). Generally, protected facilities have flat terrain where surface
irrigation runoff is unlikely, so this component is ignored when estimating blue
water consumption for protected crops.

2 Current Status of Agricultural Water Footprint Assess-
ment
Water footprint is an indicator measuring direct and indirect water use by con-
sumers or producers and has been widely applied in international and regional
virtual water trade analysis. Over the past decade, domestic and international
research reports on water footprint assessment (including virtual water trade)
have shown rapid growth trends. Based on the WOS database, 3,800 English-
language water footprint assessment papers were retrieved from January 1996
to December 2016 [Figure 1a: see original paper]. Based on the CNKI database,
1,436 Chinese-language water footprint assessment papers were retrieved dur-
ing the same period [Figure 1b: see original paper]. Further classification of
retrieved literature showed 240 English papers on agricultural water footprints
(6% of all English water footprint literature) and 493 Chinese papers (34.3% of
all Chinese literature). Using country-based classification in the WOS database,
China’s agricultural water footprint research ranks second only to the United
States, accounting for approximately 15.4% [Figure 2: see original paper], in-
dicating that agricultural production and water footprint research has gained
widespread attention from Chinese scientists. WOS database retrieval also re-
vealed that agricultural water footprint accounting before 2008 focused primarily
on global-scale assessments, emphasizing virtual water trade accounting for crop
imports and exports [25]. With increasing impacts of water footprint account-
ing methods, regional climate characteristics, and local production decisions on
agricultural water footprint research, detailed accounting studies at national or
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regional scales have proliferated since 2009, including long-term field position-
ing experiments for agricultural water footprint assessment [29]. Zou et al. [30]
conducted detailed accounting studies on single or several crops at the national
scale in 2010. Overall, although agricultural water footprint accounting research
is relatively limited compared to other sectors, it has developed rapidly in recent
years.

Global average water footprints differ significantly among agricultural products
[1,4,32-36]. Global average water footprints for maize (Zea mays L.), wheat
(Triticum aestivum L.), and rice (Oryza sativa L.) are 900 m3・t−1, 1,300 m3・t−1,
and 3,000 m3・t−1, respectively, while those for chicken, pork, and beef are 3,900
m3・t−1, 4,900 m3・t−1, and 15,500 m3・t−1 [23]. Geographic, climatic, production
technology, and yield differences among countries or regions make global average
water footprint estimates difficult to reflect actual local conditions. For example,
milk water footprint is 1,422 m3・kg−1 under conventional farming but 1,510 m3・
kg−1 under organic farming [35]. Spain’s pork production and processing water
footprint is 19.5 billion m3・a−1, with green, blue, and grey water footprints
accounting for 82%, 8%, and 10% [37], respectively—significantly different from
global average accounting methods and values.

2.1 Global-Scale Agricultural Water Footprint

Hoekstra and Hung first conducted global-scale water consumption assessments
for major agricultural products in 2002 [1], though this study did not sepa-
rately account for green, blue, and grey water footprints [25]. Subsequently,
Hoekstra’s research team and others conducted a series of global-scale agri-
cultural water footprint studies [1,4,8-9,23,31-36], reporting global agricultural
water consumption of 6,390 Gm3・a−1 during 1997–2001. Crop virtual water
consumption is significantly lower than virtual water trade among countries or
regions, enhancing water-scarce countries’dependence on water-rich countries,
alleviating freshwater depletion in water-scarce regions, and achieving water
resource savings globally and nationally [38]. Global water footprints show
that 16% originates from external market trade [7], and improving virtual wa-
ter trade distribution based on embedded product virtual water analysis could
save 222 Gm3・a−1 globally. Water footprint assessments of trade in goods
and services between arid/semi-arid countries (Morocco) and humid countries
(Netherlands) revealed that international virtual water trade from high water
productivity to low water productivity countries could save 6.4$×10^{8}$ m3・
a−1 [10]. However, external virtual water trade also presents disadvantages and
risks, including reduced food self-sufficiency, decreased agricultural employment,
and increased environmental impacts of export-import production [3].

Water footprints vary considerably among different cropping systems. High spa-
tial resolution studies on major crops show maize has the lowest water footprint
(1,222 m3・t−1), wheat the highest (1,827 m3・t−1), and rice intermediate (1,644
m3・t−1), approaching the average for all crops [27,39-40]. Sugar crops and
vegetables have relatively low water footprints (200 m3・t−1 and 300 m3・t−1,

chinarxiv.org/items/chinaxiv-201711.02188 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.02188


respectively), while fruit trees and oil crops have higher values (1,000 m3・t−1

and 2,400 m3・t−1). Legumes, spices, and nuts have the highest water footprints,
ranging from 4,000–9,000 m3・t−1. Global water footprint during 1996–2005 was
9,087 Gm3・a−1, with green, blue, and grey water footprints accounting for 74%,
11%, and 15%, respectively [41]. Agricultural production water footprint com-
prises 91% of the global total, with crop production consuming the most water.
For example, global average wheat production water footprint is 1,088 Gm3・
a−1, with green, blue, and grey components at 70%, 19%, and 11% [41].

2.2 National or Regional-Scale Agricultural Water Footprint

Recent research has extensively evaluated water footprints of major crops in-
cluding cotton (Gossypium hirsutum L.), rice, and potato (Solanum tuberosum
L.) at national or regional scales. Cotton production water footprint (including
grey water) studies show that 15 major cotton-producing countries have an av-
erage water footprint of approximately 9,800 Gm3・a−1, with the United States
having the lowest. Most countries except China and the United States are water-
intensive cotton producers. Brazil has relatively low blue water footprints, likely
due to abundant green water resources [31].

Crop water consumption accounts for 86% of total water consumption in In-
donesia. Using US-EPA (2005) nitrogen standards for grey water footprint
calculation, coffee (Coffea sp.) has the largest water footprint at 22,907 m3・
t−1 (96% green, 0% blue, 4% grey), followed by cacao (Theobroma cacao L.) at
9,414 m3・t−1 (94% green, 0% blue, 6% grey) [31]. Cassava (Manihot esculenta
Crantz) has the smallest at 514 m3・t−1. However, considering cultivation area,
rice has the highest water footprint at 3,473 m3・t−1 (73% green, 21% blue, 6%
grey) [31]. Thailand’s oil palm (Elaeis guineensis Jacq.) average water footprint
is 1,063 m3・t−1, with blue, green, and grey components at 68%, 18%, and 14%,
respectively. Oil palm production directly consumes relatively low blue water
[42], but has the largest virtual water flow [43]. Dutch coffee and tea [Camellia
sinensis (L.) O. Ktze.] production and consumption water footprints are 140
dm3・cup−1 and 34 dm3・cup−1, respectively [44-45].

UK potato production water footprint averages 75 m3・t−1 (85% green, 15% blue)
[15], Tunisia’s is 260 m3・t−1 (50% green, 42% blue, 8% grey) [46], Argentina’s
is 324 m3・t−1 (56% green and blue, 44% grey) [47], and China’s sweet potato
[Dioscorea esculenta (Lour.) Burkill] is 823 m3・t−1 (59% green, 29% blue,
12% grey) [48]. These variations likely relate to local climate conditions and
agricultural management practices. Tomato water footprint research dominates
vegetable studies, with Spanish tomatoes averaging 81.3 m3・t−1, including 7.2
m3・t−1 grey water footprint [49].

2.3 China’s Agricultural Water Footprint

Recent years have seen numerous studies on agricultural water footprints at
China’s national and provincial scales [FIGURE:1b, FIGURE:3], focusing pri-

chinarxiv.org/items/chinaxiv-201711.02188 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.02188


marily on water resource utilization for grain production in water-scarce regions
[14,16-18,20,50-51]. Among CNKI-retrieved agricultural water footprint papers,
63.2% address planting and livestock water footprints and virtual water trade,
while 36.8% examine sectoral perspectives. Spatially, provincial/regional stud-
ies are most common, accounting for 51.5% [Figure 3a: see original paper].
Overall, 73.5% of studies consider only green and blue water footprints, 14.7%
comprehensively account for all three components, while grey water footprint-
only studies are relatively rare at 11.8% [Figure 3b: see original paper]. Given
China’s severe water shortage, low agricultural water use efficiency, deteriorat-
ing agricultural water environment, and serious water waste, agricultural water
footprint assessment holds significant scientific importance.

Currently, approximately 67% of China’s agriculture is irrigated [16], with
agricultural water consumption accounting for about 70% of total water use
[52]. Hebei Province has the highest agricultural water consumption among
provincial regions, representing 96.35% of the province’s total water use [19].
Provincial water availability also varies significantly, with Guangdong Province
in the south having the most (27.5 billion m3・a−1) and Qinghai Province in the
north the least (2.72 billion m3・a−1) [14]. During 1998–2000, China’s average
grey water footprint was 481.43 billion m3・a−1, with economic effects being the
main factor influencing grey water footprint efficiency changes [53].

Analysis of water footprints for 27 vegetable and animal products shows China’
s per capita dietary consumption water footprint is 673 m3・a−1, primarily in-
fluenced by rice and pork products, with food waste adding 18 m3・a−1 [17].
Therefore, beyond improving water use structure and reducing agricultural wa-
ter footprints, reducing water waste deserves attention.

Research on China’s major grain crops (wheat, maize, and rice) shows rice
has the highest water footprint (1.36 m3・kg−1) and maize the lowest (0.91 m3・
kg−1) [54]. Rice water footprint approaches the global average (1,325 m3・t−1)
[8] but is significantly higher than South Korea’s (844.502 m3・t−1) [55] and
lower than Indonesia’s (3,473 m3・t−1) [31]. Considering only green and blue
water footprints, grain crops average 57% green and 43% blue [16]. Insufficient
precipitation severely affects wheat and maize cultivation and water footprints
in the Hetao Irrigation District. However, with improved irrigation efficiency,
the district’s blue water footprint decreased from 9.25 m3・kg−1 in 1960 to 0.79
m3・kg−1 in 2000 [56]. These studies demonstrate blue water consumption’s
significant impact on agricultural water footprints, further confirmed in cereal
crop production water footprint research [57-58]. In the Hetao region during
2005–2008, major grain crop production water footprints ranged 1.43–1.67 m3・
kg−1, with grey water footprints at 0.159–0.043 m3・kg−1, both showing yearly
decreasing trends likely due to new water-saving irrigation technology promotion
[20]. Although China’s maize water footprint is below the global average, grey
water proportions are substantial in some regions, indicating high potential
environmental pollution risk. For example, Beijing’s maize production water
footprint is 868 m3・t−1 (48.5% green, 0.5% blue, 51.0% grey) [48], suggesting
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high potential environmental pollution risk.

In the North China Plain (Hebei, Beijing, and Tianjin), wheat produc-
tion water footprint is 17.20$×10^{9}$ m3 (green 3.085$×10^{9}$ m3,
blue 10.25$×10^{9}$ m3, grey 3.865$×10^{9}$ m3), and maize production
water footprint is 17.31$×10^{9}$ m3 (green 10.11$×10^{9}$ m3, blue
2.692$×10^{9}$ m3, grey 4.509$×10^{9}$ m3). The total water footprint for
wheat and maize production is 2.2 times the available water resources in the
North China Plain (15.49$×10^{9}$ m3 in 2007) [50]. Therefore, adjusting
agricultural production structure is crucial for alleviating water resource
pressure, beyond merely improving water use efficiency.

Input-output model-based studies on regional water footprint trends show
central China has the largest water footprint. Domestic virtual water trade
directions differed between 2002 and 2007: southern coastal, central, northwest-
ern, and southwestern regions were net virtual water exporters in 2002, while
northeastern, northwestern, and Beijing-Tianjin regions were net exporters
in 2007 [59]. During 1992–2008, China annually net-imported approximately
2.0$×10^{9}$ m3 of virtual water in grain [60].

Beijing, one of China’s most water-scarce cities, has a blue water footprint of
4.498$×10^{9}$ m3・a−1, with 51% being virtual water imported from other
regions. Beijing’s agricultural product water footprint is 1.524$×10^{9}$ m3・
a−1, with about 56% from other regions [61]. Beijing’s agricultural grey wa-
ter footprint decreased 45% from 9.4$×10^{8}$ m3・a−1 to 5.2$×10^{8}$ m3・
a−1 during 1995–2009 [62]. Therefore, China’s agricultural production should
improve water use efficiency and adjust virtual water trade patterns to achieve
domestic water savings.

2.4 Fruit Production and Consumption Water Footprint

Currently, limited research exists on fruit production and consumption water
footprints. WOS database retrieval found 27 papers from 2009 to present. In
South Africa’s Sundays River Valley, citrus (Citrus reticulata Blanco) aver-
age blue water consumption is 58.7 Mm3 in normal years and 89.2 Mm3 in
drought years [63]. Life cycle assessment (LCA) studies on citrus and straw-
berry (Fragaria × ananassa Duch.) production across countries show China has
the highest per-unit-yield citrus virtual water consumption, followed by Spain,
Italy, and Brazil, while the United States has the lowest. However, per-area
citrus virtual water consumption is similar across most countries (e.g., China
and US both ~5,000 m3・hm−2). Thus, yield differences primarily explain citrus
water footprint variations (China and US yields are 7.5 t・hm−2 and 38.7 t・
hm−2, respectively). For strawberry production, Spain has the highest per-area
water consumption. Although UK and Poland have similar per-area consump-
tion (~2,500 m3・hm−2), UK’s higher per-area yield results in lower per-unit-
yield water consumption than Poland [64-65]. Australia produces 44,692 t of
mango (Mangifera sylvatica Roxb.) annually, with average orchard virtual wa-
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ter consumption of 2,298 m3・t−1. However, serious losses occur during product
logistics, causing annual waste of 26.7 Mm3 green water and 16.6 Mm3 blue
water from production sites to households [66]. Thus, reducing logistics losses
is important for alleviating freshwater scarcity.

3 Research Limitations and Prospects
Water footprint assessment results show distinct spatial distribution charac-
teristics. However, lacking detailed spatial geographic information, previous
global-scale studies cannot accurately reflect global water footprint changes, ex-
hibiting uncertainty [67] and limiting effectiveness as accurate water resource
management indicators [5]. Therefore, future water footprint assessments must
provide explicit temporal and spatial information to evaluate human appropri-
ation of water resources and the sustainability and equity of water use. Since
green, blue, and grey water footprints have different opportunity costs and im-
pacts, global virtual water trade [68] and production process water footprints
should be accounted separately. Additionally, virtual water-based agricultural
product water footprint accounting only considers water consumption and pol-
lution volumes, not directly reflecting environmental impacts, while LCA-based
agricultural water footprint assessment remains immature and requires further
improvement [26,42,69-70].

Most agricultural grey water footprint studies consider only nitrogen (N) leach-
ing (leaching rate = 10%), ignoring phosphorus (P), pesticides, and other pollu-
tants. However, NEWS (global nutrient export from watersheds) model studies
on 1,000 river basins show that 2/3 of global rivers have varying N and P pol-
lution levels, with 54% of river pollution exceeding P standards and only 11%
exceeding N standards [71]. Future grey water footprint accounting must ad-
dress reliable regional-scale pollutant discharge data (including N, P, pesticides)
and scientific accounting of corresponding water pollution volumes. Further-
more, grey water footprint accounting lacks locally specific maximum allowable
concentration indicators, often adopting US-EPA [45 mg(NO3-N)・dm−3], EPA
drinking water standards (TN, 10 mg・L−1), or EU [50 mg(NO3-N)・dm−3] limits.
Chinese researchers also frequently use China’s “Groundwater Quality Stan-
dard”(GB/T 14848-93) and “Surface Water Environmental Quality Standard”
(GB 3838-2002).

Despite significant achievements in China’s agricultural water footprint assess-
ment over the past decade, improvements are urgently needed. First, watershed
water compensation and runoff aspects of agricultural water footprints require
attention, particularly in regions with severe water scarcity, fragile water ecosys-
tems, and serious agricultural water pollution. Second, LCA-based water foot-
print assessments for local or regional major agricultural products should be
strengthened to enable comparative analysis across products, production stages,
and origins. Establishing and improving information databases on production
technologies, water-saving measures, pesticides, and fertilizer types for various
agricultural products across regions is essential. Additionally, integrated re-
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search on carbon, nitrogen, and water footprints throughout agricultural produc-
tion, trade, and consumption processes should be enhanced to comprehensively
and objectively evaluate regional agricultural water use efficiency, sustainability,
and environmental impacts.
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