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Abstract

Water is one of the most critical issues of concern in China’s ongoing rapid
economic development. The resource is scarce and demand is growing as
China becomes more industrialized and urbanized. The situation is exacer-
bated by natural and anthropogenic events such as climate change, pollution,
exorbitant patterns of water consumption, and an uneven distribution of wa-
ter resources, with devastating impacts on ecosystems, international relations,
food security and public health. In this paper, an overview of China’s water
resources is presented. Studies on distribution, consumption patterns and
pollution of water resources are reviewed in order to understand the
over-exploited and unexplored dimensions of the Chinese water landscape.
The status of water resources is also studied with an intention of providing
information on the dynamics of water quality and quantity. The paper con-
cludes with a discussion on China’s commitment to rebalancing its water
growth model and the measures taken to achieve that.
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1. Introduction

The escalating pace, intensity and scale of China’s economic growth and ur-
banization have burdened the country’s natural resources, including water. Al-
though China has some 2.8 trillion cubic meters of water resources (Ministry of
Water Resources, 1987), it faces regional water crisis. With a per capita standard

of over 2000 cubic metres (Shi, 2020), the country’s seemingly abundant water
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resources are well below the global average (3776 cubic metres) and close to a
fifth of the US average (9459 cubic metres) (China Power Team, 2020). Addi-
tionally, the assessment of water-stress on the basis of the ratio of water avail-
ability to the amount of water withdrawal identifies China as the 56™ most wa-
ter-stressed country in the world and thus, a water-scarce country (World Re-
source Institute (WRI), 2020). In some regions, water supply capacities can
hardly meet demand, which invariably leads to poor and inadequate access to
quality water. Indeed, China is in the throes of water crisis and this could be ar-
gued from the standpoint of the country’s years of dramatic industrial develop-
ment, unregulated agricultural expansion, population growth, and a demand for
higher living standards (Zhou et al., 2017; Guan et al., 2014; Jusi, 1989; Liu &
Yang, 2012). Further to this, climate change, spatial heterogeneity and the un-
even distribution of water resources exacerbate the problem (Sun et al., 2017;
Cheng & Hu, 2012).

Precipitation in the southern regions is relatively high and uniformly distrib-
uted throughout the year, while the absolute value of precipitation in the north-
ern regions is lower and mostly intense in summer (Sun et al., 2017). Addition-
ally, in the northern part of China, less than 13 percent of renewable freshwater
baths and feeds many domestic, agricultural and industrial activities. However,
the southern regions are rich in freshwater resources but do not match the dis-
tribution of the country’s population and cultivable lands. Such inequalities in
geographical distribution of water resources have occurred at the expense of the
settlers in northern China, some of whom have been subjected to slow growth
and abject poverty.

Moving forward, the remarkable economic development that has made China
a model, setting off a new trial for the world, has only increased the thirst for
water and made pollution more severe. The country’s economic growth has re-
lied on water and the resource has been consumed with little-to-no regard for
potential demand (Economy, 2011; Peterson & Stephenson, 1991). Economy
(2011) further pointed out that, industries and agriculture are notoriously ex-
travagant in water consumption, that is, industry accounts for about a quarter of
China’s overall water use and consumes four to ten times as much water per unit
of GDP as other productive sectors. Similarly, irrigated agriculture has been a
neck-breaking sector that has accounted for 62 percent of China’s total gross
water abstraction, and 84 percent of its net water abstraction (Gao et al., 2014;
Hoekstra & Mekonnen, 2012).

The extensive pollution adds to the scale of the water situation in China. Over
the years, wastewater and sewage from industrial, domestic and agricultural
discharges have gradually increased, causing many rivers and lakes to have water
quality that is unsuitable for any use. Despite efforts by the Chinese government
to improve water quality standards in recent years (Liu, 2015), pollution on
some of the major rivers and lakes continues and the quality of these water re-
sources is still below the grade levels of IV and V (water quality that is highly

polluted and rarely used). This means that about 200 million people still use un-
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safe water (Gross, 2018).

These pollutions do not only overwhelm the fragile Chinese water landscape
but also pose serious health complications. In northern China, water scarcity has
increased the incidence of industrial pollution, overuse of agrochemicals and, at
the same time, increased human exposure to toxic inorganic compounds (e.g.
mercury, cadmium, lead, arsenic) given that, water-stressed farmers use polluted
water for irrigation purposes. This leads to food contamination and a subse-
quent water-and food-related health emergencies. More than 11,000 wa-
ter-related health emergencies have been reported since 1995. Many of these
water-health implications have contributed to civil unrest (Gilbert, 2012).

The study proceeds against this background, with the aim of providing an
overview of the country’s water resources. Studies on distribution, consumption
customs and pollution of water resources are reviewed in order to understand
the over-exploited and unexplored dimensions of the Chinese water landscape.
The status of water resources is also studied with an intention of providing in-
formation on the dynamics of water quality and quantity. The paper concludes
with sustainable measures implemented by the Chinese government in address-

ing its water situation.

2. Landscape of China’s Water Resources

2.1. Climate and China’s Water Resources

In order to understand and appreciate the problem of water scarcity in China, a
review of its climate, major rivers and lakes is imperative.

China, the third largest country in the world, holds about 20 percent of the
human population and 6 percent of the world’s water resources. China ranks 5"
next to Brazil, Russia, the United States of America (USA), and Canada (Figure
1). However, China’s seemingly abundant water resources have been severely
polluted, inefficiently utilized, and grossly overstretched, resulting in water

shortages and limited supplies.

Unit: trilion m?

Canada: 2.90

Russia: 4.50

Brazil: 8.23 China: 2.84

Colombia: 2.13

Figure 1. China’s water resources of 2.84 trillion m’
and a summary of water resources of some countries
around the world.
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Geographically, China has 21 river basins. Prominent amongst these rivers are
the Yangtze, Yellow, Pearl, Hai, Liao, and Huai, Southeast, Southwest, and
Northwest (Figure 2(a)). The Yangtze River divides the country into the dry
north and wet south, and could be regarded as China’s equator. The wet south-
ern regions are below the Yangtze equator, and all regions above the equator are
the dry north. A brief description and situational issues of the major river basins
in the north and south are presented in Table Al and Table A2.

China has more than 50,000 rivers with basin areas covering 40 square miles
(100 km?) and 1500 rivers with individual drainage areas of 1000 km’. Most of
these rivers are located in the south-eastern regions of China, where precipita-
tion is plentiful. “Following the topography of the country, the total drainage
area of the rivers flowing to the sea covers about 65 percent of the territory, with
most of these flowing into the Pacific Ocean and small portion into the Indian
Ocean and the Arctic Ocean. Endorheic river basins occupy the remaining 35
percent of the country’s total area” (Food and Agriculture Organization (FAO),
2016). There are about 2800 lakes with an area of more than 1 km?* Most of these
freshwater lakes spread along the middle and lower reaches of the Huai and
Yangtze rivers in the east. Generally, the saltwater lakes are scattered along the
Tibetan Plateau. Additionally, some 500 large-scale reservoirs and 3000 me-
dium-scale reservoirs have been built with a total storage capacity of over 300
billion m’.

China’s distribution of surface water is uneven and only few regions can boast
of having enough quantities throughout the year. From the southeast to the
northwest, surface water is seen to decrease as the terrain gets hilly and this ac-
counts for some areas having little-to-no water all year round. However, most
areas have abundant runoff, but it is only during the rainy summer when there is
significant surplus of precipitation.

The varied landscape design and general topography of China also brings
about the country’s climate and uneven water dynamics. The shifting and strong
monsoonal systems which mostly dominate the country’s climate patterns char-
acterize the wet summers and dry winters. Precipitation and climatic differences
are thus seen to spread across the country’s warm tropical and cold temperate
regions.

Also, the availability and reliability of China’s water resources are partly de-
pendent on the country’s annual precipitation, resulting in the variations in wa-
ter quantity both in the northern and southern regions, given that the southern
regions have the highest precipitation as compared to the northern regions. In
the south-eastern regions, the total annual precipitation exceeds 2000 mm and is
classified as the humid and semi-humid zones of the country (Figure 2(b)).
These humid and semi-humid zones cover 53 percent of the country’s area and
account for 93 percent of its water resources (Table 1). However, the average
annual precipitation in the north-western regions is mostly between 200 - 400

mm, indicating the water supply deficiency of the regions. These regions form
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the arid and semi-arid zones and cover 47 percent of the country’s area with 7

percent water resources.

(@)

Songhu river basin

Liao river basin

Inland river basin

Hai river basin

& Yellow river basin;

Huai river basin

Lake Tai basin
Lake Chao basin
Southeast river basin

Southwest river basin

- Pearl river basin

Annual precipitation (mm)

1600

Figure 2. (a) Major river basins in China; and (b) long-term mean annual precipitation.
Source: Cheng and Hu, 2012.

Table 1. Climatic regions of China.

Yearly amount of Yearly amount of Yearly amount of

Regions rainfall (mm) run-off (mm) Area (%) water resources (%)
Arid <200 <10 26.6 2
Semi-arid 200 - 400 10 - 50 20.9 5
Total 47.5 7
Humid 400 - 800 50 - 200 18.6 12
Semi-humid 800 - 1600 200 - 800 26.0 58
Extremely humid >2000 >800 7.9 23
Total 52.5 93
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The consecutive occurrence of dry periods and rainy periods often leave
China exposed to extreme hydrological events such as floods, typhoons,
droughts and waterlogging. Comparatively, the annual stream flow during the
wet seasons to that during the dry seasons may be five times more in the south-

ern regions and slightly above ten in the northern regions.

2.2. China’s Uneven Water Distribution

Although China as a whole has a significant amount of water resources, the issue
of uneven distribution, both temporally and spatially, mystifies national averages
that indicate relative water abundance. Water availability varies significantly
across the country due to differences in climate and topography. In general, there
is more water in the south of China than in the north. This spatial disparity is in-
consistent with the distribution of China’s population and its overall productivity.
Northern China accounts for 46.4 percent of the country’s total population and
20 percent of its water resources. Southern China also accounts for 53.6 percent
of the country’s population and more than 80 percent of its water resources. As a
result, the per capita water resource in northern China is about 747 m?, which is
in sharp contrast to the 3481 m” per capita levels in southern China.

This uneven distribution means that most northern provinces and important
municipalities are water-stressed and face a potential threat of economic devel-
opment (Table 2). Overall, nine provinces and municipalities suffer from abso-
lute water shortages. All these places are in the north of China except Shanghai.
Water supply is a problem even in flagship centres and cities. Population centres
such as Beijing, Henan, Shandong and Hebei (with a total population of more
than 250 million) are among the world’s most water-stressed centres with less
than 400 cubic meters of water/person/year-these results are comparable to
countries in the Middle East and well below the threshold of “extreme water
scarcity” of 500 m’/person/year (Bray, 2018). For example, the 21.54 million
people living in Beijing have to manage with less water than the people living in
Saudi Arabia. In fact, Beijing is forced to cap its population at 23 million due to
severe water shortages. Nevertheless, it is worth noting that, these northern
provinces and municipalities account for 38% of China’s agriculture, 46% of its
trade, and 50% of its energy production (coal and nuclear energy consume large
amounts of water) (Parton, 2018a).

2.3. Climate Change and China’s Water

2.3.1. Climate Change

Globally, the phenomenon of climate change has been echoed by the fears of
humanity coming to the brink of existence. The concern is that, emission levels
continue to rise with barely a pause to allow the biological systems to adjust and
disintegrate greenhouse gases (GHG), which are major contributors to climate
change. As of 2017, Wong (2020) reported that, carbon dioxide emissions per
capita had increased from 4.16 metric tons to 4.79 metric tons. This together

with other GHG such as black carbon and nitrous oxide has been a reckoning
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Table 2. Provincial breakdown of water stress and scarcity.

Low water stress provinces

Province Per capita water resources (m?) Total water resources (billion m?)
Tibet 136,804.7 465.82
Sichuan 3548.16 295.26
Guizhou 2726.18 97.87
Chonggqing 1697.22 52.42
Hubei 1450.21 85.7
Anhui 1328.88 85.58
Hunan 1952.01 134.29
Jiangxi 2479.18 114.91
Zhejiang 1520.21 86.62
Guangxi 3732.55 183.10
Fujian 1982.93 77.85
Hainan 4495.7 41.81

Low medium water stress provinces

Province
Heilongjiang 2675.06 101.14
Qinghai 16,018.32 96.19
Jiangsu 470.64 37.84
Yunnan 4582.32 220.65
Medium water stress provinces
Province
Gansu 1266.58 33.33
High water stress provinces
Province
Shanxi 328.57 12.19
Ningxia 214.6 1.47
Tianjin 112.93 1.76
Inner Mongolia 1823.03 46.15
Henan 354.62 33.98
Xinjiang 3482.56 85.88
Medium-high water stress provinces
Province
Shaanxi 964.8 37.14
Jilin 1775.32 48.12
Liaoning 539.41 23.54
Extremely high-water stress provinces
Province
Shandong 342.4 34.33
Hebei 217.7 16.41
Beijing 164.17 3.55

Adapted from World Resources Institute; China Statistical Yearbook.
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force that has overwhelmed global surface temperature - researchers captured a
rise in global surface temperature by about 0.82 degrees Celsius warmer in 2018
compared to the average in the twentieth century.

In China, the situation is no different. With nearly 27 percent of global GHG
emissions (excluding land use, land use change and forestry) (Ritchie & Roser,
2017), the country’s average temperature rose by 0.24 degrees Celsius from 1951
to 2018 at a rate far higher than the global rise in average temperature (Xia et al.,
2020). These changes also run parallel to global warming, though with some dif-
ferent characteristics. Between the 1920s to the 1940s, the average temperature in
China first increased, followed by a decrease from the 1950s to the 1980s, and
then increased from the mid-1980s to the present. While climate change and
warm weather continue to affect China, extreme weather events and high tem-
peratures are more pronounced in Northwest and Northeast-North of China.
This pattern of temperature rise is reported throughout the year and continues
to increase with severity, especially in the winters.

China’s severe climate patterns and the incidence of natural disasters were an-
ticipated to witness a downturn, with the country showing promising signs of
decreasing carbon dioxide emissions. Nevertheless, disappointingly, rising fossil
fuel usage has contributed to an estimated 2.3 percent increase in carbon dioxide
emissions in 2018 and 4 percent in the first half of 2019, which is the third year
of growth after emissions seemed to level out between 2014 and 2016 (Climate
Action Tracker, 2020). This, along with past history of GHG and other anthro-
pogenic activities, has come at a cost of rising summer heat waves, more fre-
quent droughts (especially in northern China), heavy precipitation (especially in
southern China) and widespread snow disasters. Further to this, China’s average
sea level and sea surface temperature have witnessed an accelerated upward
trend over the last decade. It is estimated that from 1980 to 2018, sea levels rose
by an average of 3.3mm per year, while temperatures rose by an average of 0.37C
per decade over the same period (Stanway, 2019).

The severity and frequency of some atmospheric and climate extremes are
likely to worsen, with average temperatures rising from 1.3 to 2.1 degrees Celsius
by 2020 and 2.3 to 3.3 degrees Celsius by 2050 (Luo et al., 2005). The intensity of
the warming is assumed to increase from the southern to the northern regions of
China. “Before the end of 2030, annual temperatures are projected to rise by 1.9
to 2.3 degrees Celsius in the northwest of China, by 1.6 to 2.0 degrees Celsius in
the southwest of China and by 2.2 to 2.6 degrees Celsius in the Qinghai-Tibetan
Plateau. Changes in precipitation are expected to assume an upward trend over
the next 50 years, with forecasts of a 2 - 3 percent increase by 2020 and a 5 - 7
percent increase by the end of 2050” (Wang & Zhang, 2011). Annual rainfall is
possible to increase across the country’s south-eastern coastal regions. These
weather patterns and extreme changes in climate could disrupt socio-economic
development. It is likely that there will be frequent and severe sand storms in the
Northern Territory of the country, with less precipitation in the Eastern Coastal

Areas, and more severe snow storms in both the Southern and Central Territo-
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ries. In view of the many uncertainties and complexities in climate forecasting,
extensive studies and simulations are being conducted in China in conjunction
with the IPCC Sixth Assessment Report (AR6).

2.3.2. Impacts of Climate Change on Water Resources

Climate change is partly responsible for the changing and uneven distribution of
water resources across China. With changes in precipitation and increasing ex-
treme weather events, major rivers in China have gradually receded over the last
few decades. In particular, the Yellow River, the Huai River, the Liao River and
the Hai River were reported to have decreased by 12 percent in 2007, with runoff
reported to have been decreasing in the surrounding watersheds (China Daily,
2007). The shifting patterns of precipitation and long periods of drought are
most evident in the arid regions of the country, with the Hai-Luan River basin
being the most vulnerable to these changes, followed later by the Huai River ba-
sin and the Yellow River basin. The retreat and shrinking of the country’s glaci-
ers have also meant a decreasing volume in water quantity. With more than a
third of China’s glacier melting down to the heat of global warming, the coun-
try’s water supply of glaciers, which is as much as that of the entire flow of the
Yellow River, could have an impact on the headwaters hosted by the Qing-
hai-Tibetan Plateau (around 36,000 glaciers with an approximate land area of
50,000 kilometers) as they derive a substantial amount of water from these glaci-
ers. Wetlands in the Qinghai-Tibetan Plateau are also shrinking due to climate
change. In 2007, persistent changes in weather patterns over the last 40 years
have resulted in a severe decline of almost 30% of the Upper Yangtze wetland
area (Gleick, 2009). Although precipitation has increased in the region, the loss
has been more than offset by increased evaporation due to rising temperatures.
Permafrost and vegetation loss are another report on the impact of climate

change in the region.

2.4. Pollution and China’s Water

Water pollution is an unavoidable problem in the growth of China’s economy
and population. However, the trend and scale of water pollution is worth con-
sidering provided that, a strain in the country’s water supply will displace mil-
lions of people from their homes and have a remarkable effect on the country’s
economic development and urbanization. Although the Chinese government has
made substantial investments in both the treatment and management of polluted
waters, the country still had some 6.9 percent and 18.9 percent of its surface wa-
ter below Grade-V and Grade IV-V levels respectively as of 2018 (Figure 3)
(China Power Team, 2020). The shares of ground water pollution stood at 70.7
percent Grade-IV and 15.5 percent Grade-V levels in 2018 (Figure 4). Table 3
gives a clear explanation of the grade and quality level of China’s water re-
sources. These percentages of pollution for both ground and surface water re-

sources are quite substantial and carry serious economic and social costs.
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Figure 3. Breakdown of surface water quality in China from 2011-2018.
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Figure 4. Breakdown of surface water quality in China from 2011-2018.

Table 3. China’s water grading system.

Grade Description
I Suitable for river sources and national natural reserves
11 Suitable for domestic use (first rate) and other uses
jits Suitable for domestic use (second rate) and other uses
v Suitable for industrial use which there and not for human contact
\% Suitable for agricultural use
Below V Below function and unfit for use

Source: Ministry of Environmental Protection.

3. China’s Development and Water Use Patterns

In situations where water resources are limited in space and time, effective and
efficient use of the resource at minimal risk of scarcity is critical. However, with
the rapid development of China’s economy and the continued growth of its
population, the problem of water scarcity is getting worse, especially in northern
China, where there is a risk of serious water shortages. Total water usage has in-
creased progressively at the national level, with the agricultural sector account-
ing for most of the use. As shown in Figure 5, total water consumption by sector
increased from 443 billion cubic meters in 1980 to 588 billion cubic meters in
2018. Agriculture accounted for 63.0 - 88.2 percent of the overall water con-

sumption, with industrial use at 10.0 - 24.6 percent and domestic use at 1.5 - 15.1
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Figure 5. (a) Sectoral water use by volume; (b) Sectoral water
use by percentage.

percent. Although agriculture accounts for most of China’s water consumption,
the sector’s overall consumption decreased sharply from 1980 to 2014 (88.2 per-
cent - 63.0 percent) and has seen a downward consumption trend since then. On
the other hand, industrial and domestic water consumption has increased pro-
gressively, with the highest levels of use in both sectors being recorded in 2007
and 2018 respectively. This has largely been contingent on the explosion in the
number of urban dwellers, increased affluence and disposable income, as well as
water-intensive urban lifestyles.

Despite the decline in China’s average water use per hectare of irrigated land
(from 6750 m’/ha to 5700 m*/ha in 2004-2016), the country lags almost a quarter
more than the US average (China Water Resources (CWR), 2018a) and still has a
substantial untapped potential in the reduction of water consumption (Huang et
al., 2020). Conventional irrigation techniques such as border irrigation, check ir-
rigation, and furrow irrigation are still used in agricultural production (Zhu et
al., 2013) and these consume 10 - 30 per cent more water than modern drip irri-
gation (Grafton et al., 2018). At the same time, the substantial use of water in the
agricultural sector is partly due to an increase in livestock production as a result

of demand from growing urban populations. Livestock production has a much
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greater need of water: the production of 1 kg of animal protein may take many
more litres of water than 1 kg of grain protein. In addition, the average water
and energy consumption of urban residents is three times that of rural residents.

To determine water consumption in its socio-economic context, the study
compares the annual changes in China’s GDP, population, and water consump-
tion from and in-between 1980 to 2018 (Table 4). The per capita consumption
of water seems to increase as both population and GDP increases. Given the
country’s current water shortages and sustained population growth, this is cer-
tainly of concern. Furthermore, while the increase in water consumption comes
from all sectors, domestic consumption has had a much faster increase and this
could be associated to urbanization with a changing lifestyle and water use.
Again, premium is mostly given to these two sectors when competition for water
increases and agriculture is the sector most sensitive to water scarcity (Postel,
2000; Cai, 2008; Yin et al., 2017). The water consumption trend means greater
competition for a limited amount of water between sectors.

The amount of water consumption at regional level is crucial in addressing
China’s water situation and could not be overlooked given that water is unevenly
distributed throughout the country. In northern China, where the extremity of
water shortages has been acknowledged, as of 2012, the region still used water
exorbitantly for agricultural production, with proportions between 74 percent
and 78 percent, much higher than the national level or the water-rich south (Ji-
ang, 2015). Intensive irrigation continues to lower the water table by more than
40 metres, consequently causing irreversible damage to many ecosystems. In
contrast to the declining water use for agricultural development in the south of
the country, water use for agriculture in the north has increased. In fact, the
proportion of agricultural water consumption in Southern China’s overall water
usage has actually been declining. Thus, sustainable water development in agri-
cultural production is a prerequisite for achieving water security in northern

China and the country as a whole.

Table 4. Annual percentage change of GDP, population, and water consumption over the
period 1980-2018 in China.

Year Population GDP  Agriculture Industry Domestic Total of sectorial
(%) (%) (billionm®) (billionm?®) (billion m®) consumption (billion m?)
1980 1.42 7.81 391.20 45.70 6.80 443.7
1985 1.65 13.44 415.20 36.20 29.70 481.1
1990 1.60 391 415.00 50.00 35.00 500.0
1993 1.00 13.87 407.70 92.60 25.20 525.5
2000 0.66 8.49 378.40 113.90 57.50 549.8
2007 0.57 14.23 360.00 140.30 71.00 571.3
2012 0.56 7.86 388.00 142.40 72.90 603.3
2015 0.53 7.04 385.20 133.50 79.40 598.1
2018 0.47 6.75 369.30 126.20 87.80 583.3
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As of 2016, China obtained about 82 percent of its water supply from surface
water and 18 percent from groundwater (China Water Resources (CWR),
2018b). However, the combined use of surface water and ground water showed a
more dependence on the latter, given that water is unevenly distributed across
the country. For example, the dry 11 regions (Beijing, Gansu, Hebei, Henan, Ji-
angsu, Liaoning, Ningxia, Shandong, Shanghai, Shanxi and Tianjin) are heavily
dependent on groundwater with a resource utilization rate of about 28 percent
compared to just 13 percent of the Safe 13 regions (Fujian, Hunan, Xinjiang,
Guangxi, Jiangxi, Yunnan, Guizhou, Qinghai, Zhejiang, Hainan, Sichuan,
Heilongjiang and Tibet). This implies that ground water reserves are declining at
an exponential rate: “more than 230,000 square kilometers (sq-km) or about 4
per cent of China’s land was over-exploited in 2015; the extent of exploitation on
the Hai, Yellow and Liao, the three major northern rivers, was 106 percent, 83
percent and 76 percent against the internationally acceptable safety limit of 40
percent. The Yellow River, a source of support of northern China, flows only 10
percent as it did in the 1940s, and large areas are dry for most of the year” (Par-
ton, 2018a). Considering that the current pattern of consumption is unsustain-
able, with an annual decrease of about 1 - 3 meters in ground water levels and a
substantial decrease in national discharge, the natural system of water resources
is subject to considerable pressure and aquifers are unable to fully recharge even
with good rains threatening national water security.

The characterization and water use patterns as discussed above are suggestive
of how critical it is to manage and keep consumption patterns at sustainable lev-
els so as not to threaten the security of the already scarce water resources. Fur-
ther development and incorporation of national water resources management
based on the concept of sustainable development could be employed in the
careful examination of water use implications in relation to the availability of
water. Development of low utilization value but dependent on high water con-

sumption should be minimized or avoided entirely.

4. Implications and Consequences of China’s Water Issues

China has been the world’s powerhouse of development, clothing and feeding
countries with a range of products and services. Nevertheless, the many decades
of rapid development and economic growth have not taken place without a toll
on the country’s natural resources, especially water. The concern now is that the
reliance on water for growth far outweighs the resilience of the resource, and this
pattern of over-exploitation, if continued, could lead to a severe water crisis that
threatens the entire development of the country and the world. Conflicts in the
distribution and use of water between the southern and northern regions of the
country are bound to occur and may escalate if the north continues to depend
more heavily on the water coming from the south. Further to this, competition
among sectors for water rights and a larger share of the resource could intensify,

inevitably leading to civil unrest. Countries in South and South East Asia (India,
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Bangladesh, Burma, Bhutan, Nepal, Cambodia, Pakistan, Laos, Thailand, and
Vietnam) with part of their source of water flowing from the Qinghai-Tibetan
Plateau could also be victims of China’s water shortages. If water supplies from
the Qinghai-Tibetan Plateau start to decline, China will be more likely to save
and potentially store water for its citizens than for these countries. These coun-
tries are already grappling with polluted and declining water resources, and this
could worsen should China redirect the flow of rivers that would supply
much-needed water to these countries.

It could be argued that, China’s unrestrained development and rapid popula-
tion growth have contributed to undermining the integrity of its water systems
and the pollution of its major rivers. The need for China to augment its water
supplies now threatens the ecological sustainability of the network of river sys-
tems linked to South and Southeast Asia, given that, the country has an enor-
mous need for water and energy. Tensions are already rising between China and
India, the two Asian giants, following the construction of the Zangmu Dam by
China at the end of 2014. The channelling and diversion of water that would
have flowed to other countries, and also allowing more and more polluted water
to flow through other countries, is but only a spring board that has fermented
debate and political tension between China and neighbouring countries. It is also
likely that, the large influx of people from extremely water-scarce communities
into other countries could further enrage neighbouring countries and strain po-
litical ties. The water wars of the 21st century have marked and replaced the oil
wars of the 20th century and could continue until agreements and protocols are
reached between China and its neighbouring countries.

Issues and contamination of China’s water resources often pose risks to water
quality with potentially significant human health threats. Conventional and
emerging contaminants such as lead, arsenic, chromium, mercury, nitrite, exces-
sive fluoride, endocrine disrupting compounds (EDCs), pharmaceuticals and
personal care products (PPCPs), antibiotic resistance genes, and pathogens are
linked to higher rate of cholera, tumours, typhoid, spontaneous abortions and all
forms of cancers. In 2018, surveillance data from the National Health Commis-
sion of China registered 7.8 million cases of national infectious diseases, includ-
ing 18.9 percent of waterborne diseases (National Health Commission, 2018).
With increasing levels of pollution and non-compliance with the regulations, it
is safe to assume that water-related diseases will increase. Currently, 5.5 percent
of reservoir water sources and 16.1 percent of lake water sources in China do not
comply with regulatory requirements (Ministry of Ecological Environment,
2018). Since the rivers of China flow through so many different regions, disease
could easily be transferred to many people.

Issues related to water scarcity cut across all water consumption sectors and
affect both inputs and outputs at the local and regional levels. With agriculture
accounting for over half of China’s water usage, the sector becomes the most

vulnerable to threats of water shortage. Given that climate change will bring
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variations in weather patterns, precipitation and drought events, there will be
significant changes across river basins and productive agricultural areas, par-
ticularly in the Hai and lower reaches of the Huang river basins, leading to an
absolute decline in food production. The production of livestock, an exorbitant
consumer of water, will also change. Considering the size and significance of
China in the world food system, these changes could have an impact on interna-

tional markets.

5. Measures Taken by the Chinese Government in the
Sustainable Development of Water Resources

The World Commission on Environment and Development brought into exis-
tence an idea for sustainable development and this basically originated from the
challenges inherent in the environment-development nexus. Prominent among
the objectives of sustainable development is to preserve the world’s water scarce
resources for future generations (Portney, 2016; Wheater & Evans, 2009; Brown
et al., 2009). While the objective of sustainable water management is noble in all
respects, the issue of concern is how this could be achieved without compromis-
ing on daily supply needs. In 2012, Jun (2012) argued that efforts to improve en-
vironmental sustainability in recent decades remain a daunting task and the
looming water crisis appears to be a major threat to human survival. This issue,
together with chronic water shortages, has led to scholarly work (see e.g. Patrick,
2011; Jha et al., 2007; Rogers & Hall, 2003) and discussions on how to manage
and protect water resources sustainably, particularly in developing countries.
Pursuant to this and the goals of sustainable development, China has taken steps
to develop a road map for the sustainable development and use of water re-
sources. The next sections present the measures taken by the Chinese Govern-

ment to address the water resource situation in China.

5.1. Increasing Water Use Efficiency

Cheng and Hu (2012) note that an effective strategy adopted by the Chinese
Government to use and sustainably develop the country’s water resources is
through water efficiency. The need to use water sufficiently stems from the fact
that the loss of water through transmission, over-exploitation and waste ac-
counts for severe water shortages in China (Cheng et al., 2009). Reddy (2008)
adds that the design and implementation of effective water management regimes
in China would culminate in the saving of significant amounts of water that
could be used by other sectors. This would eventually meet the needs of all sec-
tors of the country’s water supply. Further to this, the adoption of efficient ways
to use water resources in the country has resulted in a gradual reduction in Chi-
na’s water consumption patterns, particularly in the agricultural sector.
Essentially, these gradual reductions have been achieved through wastewater
recycling, championing water-saving technologies and increasing the efficiency

of water use. Over the years, water pricing has also been reviewed in order to
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improve efficiency in the use of the resource, thus promoting sustainable devel-
opment of water in the country (Zhong & Mol, 2010). As highlighted by the
World Bank (2007), a major cause of water-wastage and the unsustainable use of
water resources in China is underpricing of water. Because water is relatively
cheaper in China, compared to other nations, it does not only encourage water
wastage, but also has far-reaching implications for the design and subsequent
implementation of other equally important water-saving technologies (Cheng &
Hu, 2012). Therefore, in order to maximize water resource efficiency and ulti-
mately lead to sustainable water resource development in China, economic poli-
cy instruments, such as water price adjustment, have been put in place to suggest
serious water resource shortages to consumers, thus providing a stimulus for
water users to use water responsibly (World Bank, 2018).

In the context of water pricing, premiums are placed on fixing the right prices
for water, controlling demand for water and fully recovering the costs of pro-
viding water services (Zhong & Mol, 2010). By this and in order to ensure sus-
tainable water development, the country has succeeded in developing an effec-
tive price index for water resources and introduced higher water user fees to
conserve its scarce water resources. Ultimately, the country’s determination to
see these water efficiency reforms through could reduce water wastages, increase

the quantity of water and eventually ease the tension between demand and

supply.
5.2. Introduction of Water Rights

In the opinion of Walker (2015) water rights allow for the equitable distribution
and good management of limited water resources. As a result, regional water
rights, abstractor water rights and user-level water rights have been permitted in
China as a creative approach to the sustainable development of water resources
(Shen & Speed, 2009). Over the years, China’s introduction of the water rights
trading scheme has achieved significant progress in its implementation. By 2018,
an over-all of 88 transactions including some 2.75 billion cubic meters had been
made and registered on the China Water Exchange (CWR, 2018b). The purpose
of these transactions and their uniqueness is to promote, facilitate and ultimately
compel water-rights holders to implement, monitor and enforce well-targeted
policy initiatives that improve the effective and efficient use of water. Under the
water-rights system, China envisages transferring rights to use water resources
to areas and/or sectors where they are most needed, with the expectation that
surplus water would be conserved and that this could be a possible solution to

the problems of water scarcity in water stressed areas.

5.3. Water Pollution Control

Water pollution resulting from industrial, agricultural, and domestic activities
have emerged as an important area of environmental concern to the Chinese

government. The county has improved the regulation and treatment of water
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pollution and has taken steps to enhance sanitation. New commitments and ef-
forts have been made to improve the capacity of cities and towns to prevent and
control sewage. In doing so, the government by 2018 had installed some 4332
wastewater treatment plants in cities across the country, with an average treat-
ment capacity of 195 million cubic metres (Ministry of Foreign Affairs-China
(MFA-China), 2019). The pre-discharge treatment of water pollutants, the re-
mediation of black smelly water bodies and the control levels of contamination
have progressively increased within the years and as such, increased the propor-
tion of good quality surface water by 74.9 percent as of 2019, an increase of 3.9
percent. In addition, more than 97 percent of the country’s regional and high-
er-level industrial clusters have constructed integrated sewage treatment facili-
ties and installed automated online monitoring systems to avoid and manage
water pollution (Ministry of Foreign Affairs-China (MFA-China), 2019).

When fully implemented, these pollution control measures by the Chinese
Government could efficiently reduce and/or stop the discharge of municipal,
industrial and agricultural effluents into water resources. This would protect the
scarce water resources of the country from contamination, making large vo-
lumes of water available for domestic, industrial, agricultural and other equally
important purposes. Minimizing and/or stopping pollutants from being dis-
charged into water resources would also have an impact on the health and safety
of water users. As water resources are less polluted, consumers and users are less

likely to be affected by water-related diseases.

5.4. Enhancing Coordination between River and Lake Chiefs and
River Basin Commissions

In order to promote the sustainable development of water resources in China,
the Government has developed a new system to encourage the management and
conservation of the country’s major water supplies through the assistance of the
River Chiefs (World Bank, 2018). The government extended this coordination to
include major lakes and other water bodies through the Lake Chiefs. The World
Bank (2018) further noted that, the coordination system is set to establish the
river and lake chiefs at four distinct levels (provincial, municipal, county and
township, and the village-level) to help achieve sustainable development of water
resources.

To a larger extent, the river and lake chiefs are officials charged with the duty
of providing oversight responsibility of every major river or lake. Also, the river
and lake chiefs fortify enforcement and accountability issues regarding key sus-
tainable water policy measures (World Bank, 2018). These chiefs are also re-
sponsible for meeting environmental preservation and water quality targets in
their various locations. In addition, they play an instrumental role in sustainable
water development efforts, such as the conservation of water, prevention of wa-
ter pollution, protection of river banks and the facilitation of ecological restora-
tion.

The Government’s objective to create closer communication and cooperation
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between River Chiefs and River Basin Commissions was to ensure that River
Chiefs are officially recognized as key officials with important roles to play in the
sustainable development of water resources and to facilitate the successful im-
plementation of established policies (World Bank, 2018). This coordination was
also aimed at ensuring a healthier relationship between the River Basin Com-
mission and the River Chiefs in order to build up a framework for effective deci-
sion-making. Specifically, this enhanced cooperation between River and Lake
Chiefs and the River Basin Commissions is intended to result in the efficient
management of the country’s major water resources. Since River and Lake
Chiefs control major water resources and are responsible for overseeing the
management of water resources, this will translate into proper care and man-
agement. This is because River and Lake Chiefs are much closer to the key water
resources and understand the local and contextual conditions very well. As a re-
sult, they are best positioned to establish and implement regulatory regimes that
would improve the sustainable development and use of the country’s water re-

sources.

5.5. Water Withdrawal Permits and Pollution Discharge Permits

The implementation of a water withdrawal scheme (Wu et al., 2012; Sun et al,,
2006) is an important technique used by the Chinese Government in the sus-
tainable development of water resources. In this regard, water withdrawal li-
censes are valid for the extraction of groundwater from aquifers and/or running
water from rivers and lakes (Han et al., 2016). It is therefore a legal requirement
that, permits are obtained from authorities prior to the extraction of water. The
World Bank (2018) pointed out that decisions on the allocation of water re-
sources and the issuance of a withdrawal license are made on the basis of the
state of water resources, which are primarily informed by background water as-
sessments and surveys. Where it appears from the surveys and assessments that
ground or surface water has been overdrawn, firm control on the water drawing
would be imposed. It is important to note that where water withdrawals are in-
tended for domestic use, livestock and poultry production, it is not generally
mandatory to obtain permits from the regulatory authorities.

In addition, the country has set up a pollutant discharge permit system in its
effort to facilitate the sustainable use of water resources. This system essentially
prohibits the release of water pollutants into water resources and waterways
without appropriate approval (World Bank, 2018). Due to the relevance of the
pollution discharge permits, the MEP in 2017 made it a nationwide scheme. The
amendment made it compulsory for all sources of water pollution to receive li-
censes before their pollutants are released into the water ways.

This measure has implications on the sustainable development of the coun-
try’s water resources. Firstly, since water assessment surveys are conducted to
determine the level of water available in underground and surface water, it effec-

tively limits water extraction from overly drawn sources. This level of withdraw-
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al permit ensures that the excessively withdrawn water resources are left to re-
generate in terms of their production capacity. The pollution discharge permits
also ensure a reduction in the amount of pollutants discharged into water re-
sources. This limits the health dangers associated with the consumption of these

water resources and guarantees the safety of all water users.

5.6. South-North Water Transfer

The Ministry of Water Resources [MWR] (2002) pointed out that, the abun-
dance of water resources in southern China, coupled with the severe shortage of
water in the northern plain of the country makes it imperative for water to be
borrowed from the south to the north. The proposal was put forward by Chair-
man Mao, leader of the country in the 1950’s. Following his inspection of the
Yellow River, Mao was convinced that the transfer of water from the south,
where the resource is relatively abundant, could help alleviate the water supply
challenges in the northern China (Yang & Zehnder, 2005). However, at the time,
the huge financial costs and complex technical issues associated with the project
made it unrealistic (Yang & Zehnder, 2005).

Nevertheless, China’s rapid economic growth over the years has significantly
increased its wealth, giving it the financial and technical capacity to implement
the South-North Water Diversion (SNWT) project. The project is currently un-
derway. By March 2019, the cumulative water diverted from the eastern and
middle routes of the SNWT project had reached 23 billion cubic metres, signifi-
cantly increasing the water supply capacity of Beijing and other major provinces
and cities (Ministry of Foreign Affairs-China (MFA-China), 2019).

5.7. Three Red Lines

In addressing water challenges in China, the government has adopted a new ap-
proach based on the principles of the “Three Red Lines” namely “control of total
water use, control of lower water efficiency and control of total wastewater
load”. This new approach, which is considered to be the strictest water control
system, overlaps with China’s policy on sustainable water resource development.
This system of the “Three Red Lines” is set to ensure that overall annual water
consumption reaches 700 billion cubic meters by 2030, that irrigation efficiency
is increased and that the quality of water resources is protected (World Re-
sources Institute (WRI), 2018). If the “Three Red Lines” principles are followed
successfully, China’s socio-economic development could match the country’s

water resources without putting pressure on it.

5.8. Resource Water Conservancy

China has set up river basin commissions which are also known as the water
conservancy commissions. Such conservation commissions are mandated by law
as the main planning entity for the numerous and major river basins in the

country (World Bank, 2018). The Committee is responsible for ensuring the ap-
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propriate management and use of water resources in the different basins (World
Bank, 2018). In an attempt to improve China’s water resources sustainably, some
authors (see e.g. Wang et al., 2009) note that it is important for the country to
change its focus from the engineering aspect of water management to the con-
servation side of management. This initiative allows the country to step up its
integrated management of water resources and with tremendous benefits
(Huang et al., 2012).

Resource water conservancy is rooted in the concept of sustainable develop-
ment and integrated water resources management (Liu et al., 2013). Under these
principles, focus is placed on the efficient use of water and the protection of wa-
ter by sustainable methods. The concept has thus been seen as an important
measure to safeguard water resources. In Liu et al.’s opinion (2013), water con-
servation is an important mechanism that seeks to repair river banks, dredge
flood channels and release flood disasters, thus, resulting in sustainable man-
agement of scarce water resources (Liu et al., 2013).

Resource water conservation has also been shown to have tremendous impacts
on the production and consumption of China’s water resources. First, since
planning units are set up to oversee the management, conservation and use of
water resources, they ensure that water resources are used in a rational manner.
These planning units along river basins also ensure that pollutive tendencies in
rivers are halted to ensure that clean water is provided. This reduces the safety
risks associated with the use of contaminated water. Furthermore, as these plan-
ning units promote the protection and conservation of water resources, they en-
sure that sufficient quantities of water are available in the country for present

and future generations.

5.9. Water Resources Master Plan

The China Water Resources Master Plan (CWRMP) was implemented in 2002
by the Chinese Ministry of Water Resources (MWR) to improve water crises
faced in the country. The content of the master plan includes: 1) analyzing the
current water situation under the rising challenge of climate change; 2) gather-
ing sufficient information on the existing condition of the nation’s water re-
sources; and 3) outlining a 20-year strategic water strategy for the future. This
master plan will ensure that sufficient background knowledge is obtained about
the existing state of the nation’s water resources. On this basis, sound and effi-
cient policy mechanisms for the effective management of China’s water re-

sources could be developed and enforced.

6. Conclusion

China’s rapid socio-economic growth has put tremendous pressure on the
country in ensuring a reliable supply of water for household, industrial and
agricultural use. However, severe water shortages in the country, particularly in

the north, make it difficult for socio-economic development to keep pace with
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water development. In order to ensure a more sustainable and efficient con-
sumption of scarce water resources, the country has implemented many meas-
ures. Typically, strategic measures such as water conservancy, water drawing
permits, South-North Water Transfer Project among others have been imple-
mented.

Despite all these significant efforts aimed at improving the sustainable devel-
opment of water resources, the complex set of issues pertaining to water ade-
quacy and quality still persist. On this basis, the government, policymakers and
all related stakeholders in the water sector must carefully establish reforms and
policies that incorporate the social, economic, environmental, technical and
scientific dimensions of sustainable development and water resource use in the
country. This could ensure sustainability in socio-economic development while
ensuring sound and efficient management and use of the country’s water re-

sources.
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Appendix A

Major river basins in the South and North of China with their description and water endowment.

Table Al. River basins in southern China.

Major rivers Description

Water resources Per capita water
availability availability
(billion m?) (m?/year. capita)

Yangtze

Pearl

Originating from the Tibetan plateau and
flowing through Qinghai, Tibet, Yunnan,
Sichuan, Hubei, Hunan, Jiangxi, Anhui and
Jiangsu at a length of 6300 km, Yangtze is

considered to be the longest river in China  839.60

and third largest in the world. It has eight
main tributaries and a catchment area of
1.8 million square kilometers, accounting
for about 20% of China’s total land area.

The Pearl River is 2214 km long, and is
China’s third longest river. It runs through
Yunnan, Guizhou, Guangxi, Guangdong
and empties between Hong Kong and
Macau into the South China Sea in which
it forms a delta.

453.62

2300

3320

Southwest

Southeast

504.20 31,910
161.96 2962

Situational facts

The cradle of Chinese civilization, transportation
and irrigation.

Low strain on water (4 per cent) but high
susceptibility to water and climate hazards.

A repository for some industrial and sewage
disposal.

Changes in parts of the regional water tables and
drinking qualities.

Intermittent floods, social and ecological
problems, particularly at the downstream
regions of the Three Gorges Dam.

The River feeds and baths the Greater Bay Ar-
eas—it accounts for five percent of the total
population of China and 12 percent of the
national GDP.

The deterioration in the quality of water
continues to worsen. The Pearl River Delta is
considered and marked under the Water Ten
Plan.

Adapted from CWR (2018), NBSC (2006-2013) and MWR (2006-2011).

Table A2. River basins in northern China.

Major rivers Description

Water resources Per capita water
availability availability
(billion m?) (m?/year. Capita)

Situational facts

Song-Liao

Huai

Yellow

The Liao River is an important river in the
northeast of China. Having a length of 1390

km, the river flows through Hebei, Jilin and 172.07

Liaoning provinces and empties into the
Bohai Sea.

The 1078 km Huai River rises in the
Tobaishan Mountains, flows through the
provinces of Henan, Anhui and Jiangsu,
and flows into the Yangtze River at Jiangdu,
Yangzhou. The river is famous for its

difficult management.

The Yellow River, considered to be “the

mother” of the Chinese rivers and the

second longest river in the country, with a

length of 5.464 km, originates from the

western province of Qinghai and crosses 61.06
9 provinces before joining the Bohai River

in the province of Shandong. The River is
celebrated for its connection to the rich

culture and civilization of China.

89.06*

1700

505

749

Considerable changes have been made to
improve the quality of the water, although
deterioration of the water has not ceased.

Some marked areas are occasionally flooded, but
basin-wide floods are rare.

Pollution and deterioration have been reported
to worsen.

Carcinogenic diseases have been linked to river
pollution in the 1980s and 1990s.

The cradle of Chinese civilization, transportation
and irrigation.

High strain on water (63 per cent) and high
susceptibility to water and climate hazards.
Diminishing water volumes and changing flow
rates.

Water quality deterioration from intensified use
of agri-chemicals and irrigation.
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Continued
The economic and ecological implications
The Hai River, which flows through Beijing stemming from the flood control of Hai have
. and Tianjin before it discharges into the taken a toll on Beijing and Tianjin.
Hai-Luan K i L. X 29.75* 350 . X X
Bohai Sea which adjoins the Yellow Sea is Hai has made considerable progress in
1329 km in length. improving quality even though it is considered to
be the river with the worst category of pollution
Northwest 120.49 5270

Adapted from CWR (2018), NBSC (2006-2013) and MWR (2006-2011). *Including the water transfer into the Hai River Basin and the Huai River Basin.
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