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Following a record-breaking drought this summer, China is on the brink of a water
catastrophe that could have devastating consequences for global food security,
energy markets and supply chains. The 2022 drought, which mainly impacted
China's Sichuan province, offered an uncomfortable preview of what the future
could bring if water supplies continue to run dry: Low reservoir levels slashed
hydroelectricity output, which in turn forced power rationing to major industrial
consumers such as metals and battery producers and electronics assemblers.[1] A
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prolonged multi-year drought would have exponentially larger impacts across
global grain, energy and industrial materials markets due to water-driven and
electricity-caused supply chain disruptions within China. Billions of people
worldwide would be affected in ways worse and potentially longer-lasting than the
impacts of the COVID-19 pandemic and the ongoing war in Ukraine.

This essay aims to bring the criticality of China’s water challenge onto policymaker
radar screens around the world. Policy discussions of China-driven risks so far have
mostly centered on the nation’s slowing growth, real estate bubbles, high debt and
potential military conflict over Taiwan. These factors are significant, but China's
incipient water crisis, which receives far less attention from policymakers, could
plausibly overwhelm such issues. An unsettling question emerges: What happens if
China suffers a multi-year water crisis that significantly reduces its grain production
and electricity supplies?

Chinals Already Seriously Water-Stressed

Aside from its use for basic human needs, water is an often-unseen input (for
example, it takes roughly 500 gallons of water to produce a single hamburger[2]),
and its ubiquity and underpricing often cause consumers and policymakers to
overlook its importance. The scale of human water consumption is massive
compared to all other commodities. For reference, China’s economy consumes 14
million barrels per day of crude oil, while its daily average water consumption is 10
billion barrels, a quantity 700 times larger. Unlike many energy commodities, water
also does not have viable substitutes. It is especially critical for growing food and
generating energy, two of humanity’'s most life-critical activities.

Beijing has the dubious distinction of being the capital of the world’s second-largest
economy, while having per capita water supplies that have fallen to a level on par
with those of cities near Chile's Atacama Desert — the driest place on Earth.[3]
Under UNICEF's standards,[4] Beijing’s per capita water availability of
approximately 120 cubic meters would qualify as “extreme water scarcity.” Water
availability in Beijing was nearly 10 times higher when the People’s Republic was
founded in 1949; Beijing's water challenges reflect China’s plight more broadly.

https://www.bakerinstitute.org/research/how-chinas-water-challenges-could-lead-global-food-and-supply-chain-crisis 2/26



2022/12/27 12:34 How China’s Water Challenges Could Lead to a Global Food and Supply Chain Crisis | Baker Institute

Four decades of explosive economic growth, combined with food security policies
that emphasize self-sufficiency, have pushed northern China's water system
beyond sustainability and threaten to do so in parts of southern China as well. As
of 2013, average water resource availability in northern China (the 12 provinces
north of the Yangtze River) was 300 cubic meters (m3), or 40% below the UN
definition of acute water scarcity. Beijing, Shanghai, Shenzhen, Hong Kong and
many other major cities suffer from freshwater levels well below the UN's
definition of acute scarcity. For reference, Egypt had per capita water resources of
570 m3 as of 2019 and does not have a large manufacturing base to support.

Independent data on water availability in China are sparse, but another decade of
rapid economic growth and shifting precipitation patterns have likely further
stressed water supplies throughout the country. Official water data from the PRC
government should also be assumed to understate the magnitude and urgency of
water problems. For decades, Beijing has generally chosen to conceal the full
extent of its environmental problems and has especially strong incentives to do so
for something as systemically important as water supply.

Empirical data show the strain. NASA GRACE satellites that measure gravitational
anomalies now suggest that northern China has some of the world’s most
overdrawn aquifers. Monthly data from the same satellite initiative further show
that the most populous portion of China north of the Yangtze River — a band from
western Sichuan to southern Jilin — has seen steady declines in water storage for
much of the past 15 years.

Figure 1 — The North China Plain (NCP) — China’s Breadbasket — Often
Exceeds Water Stress of the American Ogallala Aquifer Region, Itself in
Serious Crisis

Change in Water Equivalent Thickness, Centimeters. 0=Neutral

Figure 2 — Approximate Geographical Extent of “North China” and North
China Plain Zones GRACE Data Come From
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Note Green box ="North China" as reflected in the figure above; Red box = North China Plain.
Source Google Earth; authors' analysis.

Groundwater levels are falling by a meter or more annually in parts of northern
China, causing subsidence and locking in intensified water stress as underground
pore spaces collapse and compromise the aquifer’s potential for future recharge.
Large-scale depletion of groundwater resources across China — potentially to the
tune of 60 billion cubic meters annually, according to one team of local and foreign
scholars[5] — continues, despite attempts to shift water resources to high-stress
areas like the North China Plain.

Moreover, official data — which again likely understate the true extent of the
problem — indicate that close to a fifth of China’s water resources are polluted to
the point of being unusable. A 2018 analysis of surface water by China’s Ministry of
Ecology and Environment[6] found that although the quality had improved from
previous years, 19% was still classified as unfit for human consumption, and
roughly 7% was unfit for any use at all. The quality of groundwater — which is
critical for ensuring water supplies during drought — was worse, with
approximately 30% deemed unfit for human consumption and 16% deemed unfit
for any use. China may be able to use impaired water resources in the future, but
only with major additional investment in treatment infrastructure and a significant
increase in electricity use to power water treatment processes.

Groundwater pollution is also likely to worsen as farm (and other) chemicals
continue to percolate downward into shallow, and eventually, deep aquifers, a
decades-long process. Data from the UN Food and Agriculture Organization show
just how chemical-intensive China’'s farming model is, currently using nearly 2.5
times more fertilizer and four times as many pesticides as the United States,
despite having 30% less arable land.[7]

China’s Water Geography Problem

Much of China's water problem arises from the spatial distribution of its water
resources and that its meteorology poorly matches the locations of agricultural
activity and population. Many areas south of the Yangtze River receive annual
precipitation substantially greater than Munich or New York City. Meanwhile, in a
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good year, much of the California-sized North China Plain gets only about as much
rain as Sacramento or San Francisco — yet it serves as China’s breadbasket and is
one of the most densely-populated regions on Earth. Mao Zedong acknowledged
these realities 70 years ago when the pressure was palpable but less acute than
today, noting, “The South has plenty of water and the North lacks it, so, if possible,
why not borrow some?”[8]

China’s government has taken drastic steps along such lines to try to increase local
water supplies where possible. This includes the $60 billion South-to-North Water
Diversion Project, widescale atmospheric interventions to boost rainfall and the
relocation of heavy industry away from water-stressed regions. Current plans call
for a further $500 billion of investment in water infrastructure.[9]

Despite its efforts to increase water availability, China still faces a water supply gap
that some domestic scholars estimate could reach 25% by 2030.[10] There are
many unknown variables in this equation. These include hydrological factors like
accelerated groundwater depletion, possible changes to precipitation due to
climate change and the potential for glacially-fed rivers to see a sudden drop in
flows. Water transfer schemes also offer a potential solution. Yet erratic
precipitation and frequent droughts in southern China suggest that simply shifting
water from south to north will not be a viable long-term solution. Southern cities
that have historically received abundant rainfall — like Guangzhou and Hong Kong
— have, in recent years, faced water-use restrictions amid serious drought
conditions.[11]

Other countries have proven it is possible to manage demand and incentivize
efficiency by raising the cost of water. But this will be a tough sell in China given
that the global competitiveness of so much of its industrial model is predicated
upon purposely depressed input costs, including both energy (coal) and water.

It is likely that Beijing has harvested the lowest-hanging fruit in terms of increasing
water efficiency. For instance, World Bank data show that the share of water used
by agriculture in China declined from 88% in 1982 to 63% in 2007 — a proportion
that has since remained stable.[12] The plateau suggests that further water
efficiency gains in the farming sector would require more dramatic measures, such
as significant increases in water prices. Typically, such frontier breakthrough events
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come only when crisis forces policymakers to act, meaning that disruptive
shockwaves would already, by definition, have been injected into key local and
global markets. Such a water crisis in China and its aftershocks could reverberate
through global markets for years, with food markets among the most directly and
intensely impacted.

China’s High-Stakes Food-Energy-Water Nexus

At the heart of China's (and all other) modern economic systems is the food-
energy-water nexus — the three-legged stool of tradeoffs upon which civilization
rests. A given molecule of water can nourish a wheat or rice stalk, turn a
hydroelectric turbine, cool a thermal power plant’'s condenser, or slake a human
being's thirst. But it cannot do more than one of these simultaneously, meaning
that one leg of the nexus generally competes with the others.

As a global rule of thumb, producing two tonnes of wheat requires enough
water[13] to fill an Olympic-size swimming pool.[14] Electricity generation,
especially that from coal, also requires massive volumes of water. The annual
electricity use of a single urban Chinese household — about 2 megawatt-hours —
could require anywhere from 1,200 to as much as 120,000 gallons of water,
depending on power plant cooling methodology. Agriculture accounts for
approximately 65% of China’s water consumption with power generation and
manufacturing consuming another 22%; household consumption accounts for
most of the remainder.[15] Growth reinforces growth, and rapid economic
expansion over the past three decades has had a commensurate impact on water
consumption.

China's leadership is keenly aware that famines precipitated by drought helped
topple at least five of China's 17 dynasties.[16] Chinese leaderships have thus for
centuries emphasized maximizing domestic grain production to ensure food
security. The policy has become especially important for the last two generations of
Communist Party leaders as strategic competition between China and the United
States intensifies. For the past 20 years, Chinese farmers have been able to
maintain “self-sufficiency” levels (defined as total consumption divided by domestic
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production) of 80% or higher for corn, rice and wheat — three of the four staple
grains.

Intensive water usage played an outsized role in this achievement. Data from the
UN Food and Agriculture Organization (FAO) show that between 1985 and 2019,
China's stock of farmable land actually shrank slightly, while the portion of those
lands equipped for irrigation rose from 41% to 63%.[17] Better technology and
farming practices, combined with increasingly intensive use of key inputs —
namely, fertilizers and pesticides — drove some of the gains, but their
contributions were heavily contingent on increased local availability of irrigation
water. Other grain superpowers such as Brazil, Canada, Russia and the U.S. are far
less dependent on irrigation (with 17% of farmable land equipped for irrigation in
the U.S., 15% in Canada, and far less in Brazil and Russia).[18] These nations
expanded production by both boosting the cultivable land base and better
applying inputs. By contrast, China's calculus made the water variable
disproportionally important — evidenced by the fact that much of the growth in
land equipped for irrigation took place in the last 20 years. Indeed, China’s overall
freshwater withdrawals rose by 28% between 1982 and 2017, according to the
FAO. Groundwater use in particular has increased rapidly, growing by 66% during
that time.

In northern China, the likely ground zero for the first impacts of a water crisis,
significant use of groundwater commenced in the 1950s. Users have since drilled
more than 7.5 million wells that now support crops on an area nearly the size of
Oklahoma.[19] The benefits to crop production have been spectacular; farms on
the North China Plain produce approximately 60% of China’'s wheat, 45% of its
corn, 35% of its cotton and 64% of its peanuts. In contemporary tonnage terms,
this means annual wheat production of more than 80 million tonnes (more than all
of Russia’s annual production) and corn output of nearly 125 million tonnes (three
times Ukraine’s annual production).

The millions of wells now draining the North China Plain Aquifer and other
subsurface water-bearing strata are proving unsustainable. Across the North China
Plain, the water table now declines approximately a meter per year as farms and
cities compete to pump water far faster than nature can replenish it.[20] Data from
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NASA satellites that measure anomalies in Earth'’s gravity field suggest that
between 2003 and 2010, North China lost an amount of groundwater equal to
about 143 million barrels per day each year — 10 times China’s present daily oil
demand.

Once groundwater resources are sufficiently overdrawn, water can become
economically inaccessible to agricultural users if the cost of obtaining it through
larger, deeper wells exceeds the market value of crops produced.[21] The
transition to economic inaccessibility can happen far before reservoirs are
physically “pumped out.” In practice, this means the transition from “stressed but
sufficient” water supplies to an acute lack of supply can happen very quickly,
particularly for the critical agricultural sector.

A Sustained China Water Crisis Would Spark a Global
Food Crisis

If the North China Plain suffered a 33% crop loss due to drought, China would
potentially need to import approximately 20% of “tradable” corn production
worldwide and more than 13% of global tradable wheat.[22] If losing a third of a
crop seems like a pessimistic scenario, consider that in spring 2022, drought
slashed Argentina’s expected corn crop by precisely that proportion.[23] A drought
that curtailed rice yields in southern China would create even larger market shocks
due to China’s high share of global rice consumption. All three major staple grains
are critical for a mass of lower-income consumers worldwide that collectively
number in the billions, with corn as a staple in Latin America, wheat vital in the
Middle East and North Africa, and rice essential across Asia.

China has compensated for this potential weakness by building far and away the
largest grain stockpile in the world.[24] For the staple “starch” grains — corn, rice
and wheat — China has consistently stored close to a year of supplies in recent
years. It has also held significantly higher soybean stocks, albeit with fewer months
of forward demand coverage than are held for the three grains directly consumed
by humans. Yet any event that lasted for more than a single growing season would
substantially increase the probability of Chinese entities taking aggressive action to
secure additional supplies — which would likely trigger price spikes that inflate
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food costs in the OECD world and potentially render key food items economically
inaccessible to hundreds of millions of people in non-OECD countries.

A China Water Crisis Would Also Likely Spawn an
Electricity Crisis

Despite significant investment in renewable energy, China still generates
approximately 60% of its electricity from coal and nearly 20% from hydroelectric
sources. Coal-fired power plants require substantial amounts of water for cooling,
while coal mining requires substantial amounts of water for dust suppression and
much larger volumes beyond that to wash coal and prepare it for sale. The
electricity-water connection is more obvious for hydropower, where the force of
descending water turns turbogenerators that produce electricity.

Quantifying plausible drought impacts on China’s electricity system helps illustrate
the issue’s global importance. While China has suffered recent droughts that
caused localized hydropower curtailments, the country’s electricity system has
become accustomed over the past two decades to hydropower supplies that either
rise year-on-year or else do not decline by more than 3.5% in a given calendar year.
The PRC has never faced the stress test of losing 10% of its expected national
hydro output over the course of a year, much less for a longer period of time.

Brazil offers a useful case study in both the magnitude of climate-driven hydro
disruptions in a continent-sized country (Brazil's physical area is 90% the size of
China’s), as well as the downstream economic and social impacts. In 2001, Brazil
suffered blackouts when hydro output declined nearly 15% from the previous year
amid a multi-region drought.[25] The country’s power system again experienced
severe strain between 2012 and 2015, when hydro output fell for four consecutive
years due to drought. Then, 2021 saw renewed energy shortages as drought
reduced national hydropower production by nearly 10% relative to 2020 levels.[26]
Other energy sources were impacted as a result, particularly natural gas, with
PetroBras (Brazil's state champion oil and gas firm) forced to triple its imports of
liquefied natural gas to compensate for the loss of hydro energy.[27]
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It is worth noting that on average, much of Brazil is as wet — and sometimes far
wetter — than the areas of southwest China where much of the PRC's hydropower
facilities are located. This suggests that the actual losses experienced by Brazilian
hydro generators could plausibly occur if south/central China suffered a prolonged
drought. Accordingly, it is defensible to assume a 15% annual loss of hydro capacity
as the benchmark crisis level, which under current circumstances would mean
losing nearly 200 terawatt-hours (TWh) of electricity output — roughly what Egypt
generates in a year. Worse hydro scenarios could see the loss of 330 TWh —
approximately the annual power production of Iran or Mexico.

Wind and solar farms cannot be surged to offset hydro losses, and China’s nuclear
plants already run at high utilization levels. That leaves fossil-fueled thermal power,
with only coal having the spare capacity and scale to potentially boost output by
hundreds of terawatt-hours on short notice. Assuming engineering, logistical and
operational challenges could be overcome, China’s coal use could increase by as
much as 100 to 170 million tonnes per year, depending on the severity of
hydropower shortfalls. The amount would be less if some sectors’ power demand
was reduced by government order.

But those numbers assume coal plants can run unimpeded, which may not be
accurate. Coal power itself is highly vulnerable to water risk, and depending on
how geographically widespread a Chinese drought of record is, hydro and coal
generation assets might be affected at the same time. Brazil's 2001 drought
affected multiple regions at once for an extended period. Similarly, the
southwestern U.S. has suffered a decades-long drought that has brought Lake
Mead to historically low levels and significantly reduced hydropower production by
the Hoover Dam.

Significant Portion of China’s Coal Fleet at Risk

To assess the impacts of potential losses of coal power due to drought, the authors
leveraged data from Global Energy Monitor’'s Coal Plant Tracker[28] to build a
database of approximately 2,000 utility-scale (300 megawatts or larger capacity)
coal-fired power generation units located in China, including their known or likely
mode of cooling.[29] Based on that information, we separated out coal units that
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were likely to be functionally “drought resistant,” in this case meaning power plants
cooled by seawater or direct/indirect air cooling. These accounted for 158
gigawatts (GW) and 295 GW, respectively, out of a national total of approximately
963 GW. For reference, the next biggest coal power countries, India and the United
States, each operate about 210 GW of capacity.

Geographically subdividing the remaining approximately 500 GW of potentially
drought-exposed, utility-scale coal plant capacity suggests an “at-risk” capacity of
185 GW in the North China Plain region and a bit less than 175 GW in south-central
China (east of Tibet and near and south of the Yangtze River). The nature of the risk
and the timeframe in which it potentially manifests vary. Once-through power
plants that take water from a river or lake, loop it through the plant, and discharge
it a few degrees warmer back into the source waterbody are most vulnerable to
lower water levels.

Plants that recirculate cooling water within a closed loop are less immediately
exposed but must, over time, replace consumptive water losses caused by
evaporation from their cooling towers. Unfortunately, the bulk of China’s coal
plants are in regions considered water-stressed or highly water-stressed.[30] In
addition, much of China’s coal capacity overlaps with key agricultural regions,
which may force officials to make difficult decisions regarding water allocation to
energy versus crop irrigation.

Figure 3 — China Utility-Scale Coal Plants By Cooling Type
(Estimated using Google satellite imagery)

Prolonged drought also lowers water levels in rivers, which, in many parts of
central and southern China, serve as key transport arteries for moving coal to
power plants. Indeed, in provinces such as Hubei and Hunan, many power plants
depend on river barges to deliver the coal they burn. Long-duration drought would
reduce the safe water depth available for river traffic and shrink the load that
barges can carry; a worst-case scenario would see some channels closed entirely.

Multiplied over a region with numerous coal plants and thousands of waterway
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kilometers, water level shifts could rapidly strain coal supplies to power plants. If
plants along some of these waterways had to surge their electricity output to
compensate for hydro output losses elsewhere, logistical pinch points would be
significantly magnified. Recent water level challenges for the United States’
Mississippi River system are a case in point, with its barge traffic highly sensitive to
even slight changes in water levels; similar physics likely apply in many waterways
in China as well.

Taking all of these factors together, it is reasonable to assume that Chinese coal
plants in affected areas could be forced to de-rate output by 5% to 10% during a
prolonged drought. A drought emergency could thus potentially reduce thermal
power supplies by about 80 TWh per year in the North China Plain region and by
nearly that amount again in south-central China. If both regions were affected
simultaneously, the aggregate thermal power production loss could nearly equal
the loss of hydropower. Seasonality would likely exacerbate the impact, since
China's hydro generation typically peaks in late summer, and July and August are
consistently two of the country’s highest electricity-use times.
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A China Electricity Crisis Would Create a Global Supply
Chain Crisis

Power supply problems in China extend far beyond flickering lights and sputtering
air conditioners in Wuhan or Beijing. Industrial facilities, many of them very power-
intensive, account for over 65% of electricity use in China.[31] This means that to
minimize the immediate human impact of broad, uncontrolled blackouts, Party
officials would force China’s industrial sector to curtail operations to ease the grid
load — as they did during power shortfalls in 2021 and 2022.

Blackouts by decree disrupt key material supplies, raise prices and turbocharge
inflationary pressures. China is, by a significant margin, the world'’s largest
producer of aluminum, ferro-silicon, lead, magnesium, manganese, zinc, and most
rare earths and many other specialty metals and materials. Power outages in even
a single key province could impact global markets — as European carmakers
discovered in late 2021 when power shortages led local officials to curtail
magnesium smelter operations in Shaanxi Province, home to about 50% of global
output.[32] As inventories plummeted, prices spiked to seven times their level[33]
at the beginning of the year, and European industrial consumers called for
government action to ensure supplies.

Electricity problems in China would also destabilize energy transition efforts
globally. In a cruel irony, many of the same energy technologies the world seeks to
manage climate change and shift to less water-intensive electricity production
come from coal and power-intensive supply chains centered in China. Polysilicon
for solar cells and rare earth metals are just two of many industries that would very
likely be disrupted by a sustained regional-level water and power crisis. The same
is true for electric vehicle batteries, where China dominates raw material refining
and cell production.[34]

China-centric supply chains took decades to build and, even under emergent
conditions, would not be easily or quickly re-shored. But time is of the essence for
crafting policies to prepare key global markets for an extended China water crisis
event that is among the most important “grey rhino” (i.e., hiding in plain sight)
macro risks currently facing the global economy. Global supply chains are not
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presently prepared for a major drought event in China that disrupts grain trade
patterns and key industrial materials production, because the last time China had
such a drought, it was not the “factory floor of the world.”

Policy Challenges Ahead — No Silver Bullets

The march toward water bankruptcy is, to quote Hemingway's “The Sun Also Rises,”
a process that unfolds “gradually, then suddenly.” There is still time for policy
interventions to shift China onto a path of sustainable water consumption.
However, the universe of potential solutions is bounded by harsh economic,
physical and political realities. As former British diplomat and China expert Charlie
Parton puts it, “China can print money but it cannot print water.”[35]

Rather than printing water, China faces choices between managing demand
through price, convincing people and businesses to change their water use
patterns, and building their way toward increased water supplies. None of these
offer a “silver bullet.” Much like the energy transition, China’s water transition will
require a “silver shotgun shell” incorporating multiple options that complement
one another and are not mutually exclusive. Beijing and the broader world must
grapple with the reality that most policy options require major tradeoffs on
strategic issues such as food self-sufficiency, industrial development, energy and
emissions, and relationships with hydrologically-connected neighboring countries.
Internally, Chinese policymakers must face the reality that by nature water conflicts
are zero-sum, often require redistributive solutions and have tangible impacts that
show up quickly. The country’s past 40 years of growth have emphasized a “rising
tide lifts all boats” mindset. Water is different, and multiple examples from other
countries hint that redistributive solutions could arouse regionalist passions, a
matter that, given China’s history of hinterland rebellions, the government would
be keen to avoid.

Perhaps the most comprehensive reform would be to make water more expensive
to encourage efficiency. Yet China’s input-intensive heavy industrial base, and,
perhaps most of all, rural farmers, are accustomed to cheap water. While
agriculture accounts for over 60% of China’s water consumption, the vast majority
of China’s farms are under three acres in size. Small tracts operating on thin
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margins may not be able to afford water-saving equipment like drip irrigation.
Consolidating them into larger operations would require comprehensive land
ownership reform — a politically loaded subject. Moreover, land consolidation
alone would likely be insufficient without repricing water; survey data[36] suggest
that the default response of farmers in northern China to declining water tables is
to simply drill deeper wells and install more powerful pumps — responses that
only accelerate the crisis.

The government may also work to shift consumer habits through suasion. Since
the early 2000s, the Chinese government has promoted potatoes as a substitute
for grain given their lower water intensity.[37] However, such campaigns face deep-
seated biases that potatoes are a food of the poor and have had little enforcement,
as they belie the Party's preferred narrative of economic progress. Persuasion
campaigns also run afoul of the reality that while the government can use its
policing powers to prevent people from doing things it deems undesirable,
compelling citizens to do things Beijing wants — having more children, pursuing
consumerist ambitions and eating more water-efficient potatoes — is a far harder
task.

China’s long history as a global hydraulic engineering superpower — exemplified
by the still-operational 2,200-year-old Dujiangyan Irrigation Works in Sichuan[38] —
suggests central and local leaders alike may gravitate toward supply-side solutions.
The Grand Canal and other internal waterways that have operated for centuries
attest to China's ability to use capital, labor and technical skill to combat
hydrological disadvantages. Ongoing work on the $60 billion South-to-North Water
Diversion Project represents the modern incarnation of such projects. The
scheme’s canals and pumps are now reportedly able to transfer up to 25 billion
cubic meters annually of water from the Yangtze River[39] and could ultimately
move nearly twice that volume, which would amount to approximately 5% of the
river's current annual discharge.[40] At such scale, the project would become a
potential liability if the system intensified water stress in southern China while
failing to fully alleviate supply constraints in the North.

Desalination is another potential supply-side solution. Unfortunately, scaling it up
to the level needed to materially close northern China’s water supply gap would be
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a gargantuan task. The roughly 20,000 plants in operation worldwide can produce
about 36.5 billion cubic meters of water per year — or roughly 6% of China’'s annual
water consumption. This highlights the difficulty in relying on desalination to make
a meaningful dent in the estimated 25% water supply gap facing the nation.

Desalinated water is also likely unsustainable in energy terms. Academic
studies[41] suggest that at the low end, desalination via reverse osmosis requires
about 4 kilowatt-hours of energy per cubic meter of water produced — enough to
run a typical LED lightbulb for nearly two weeks. Thermal distillation can be five
times as energy intensive.[42] As such, producing and transporting enough
desalinated seawater to allow the 150 million-odd residents of the North China
Plain to each have 1,700 cubic meters of water annually (the baseline below which
water stress commences) would potentially consume as much energy each year as
the entire country of Japan. This would be nearly 12% of China’s entire current
primary energy consumption. Even much lower levels of desalination would still
materially impact regional energy demands.

Finally, perhaps the greatest long-term opportunity for China is for the widespread
use of drought-resistant seeds and farming techniques, especially given the
agricultural sector’s disproportionate share of water consumption. If advanced
seed breeding and biotechnology enhancement could drive a 30% reduction in
water use for the agricultural sector — which is within the realm of possibility —
much of the structural shortfall could be addressed. It is important to note that this
does not factor in the risk of further water availability reduction driven by climate
change, such as the potential for glacially fed rivers to see large volume declines
over the coming decades; in such an outcome, even a 30% reduction in agricultural
water use would be insufficient.

“Virtual Water” Fraught with Challenges

“Virtual water,” in the form of agricultural imports such as soybeans, offers another
option. China already imports approximately 100 million tonnes per year of
soybeans but, as a matter of policy, seeks to maintain a high degree of self-
sufficiency in supplies of corn, rice and wheat. Saudi Arabia offers a precedent in
using grain imports to rebalance an unsustainable domestic water system. Local
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agricultural policies had, at one point, made Saudi Arabia a net exporter of wheat,

but the drawdown of local groundwater supplies proved unsustainable, and by the
mid-2000s the kingdom had taken the strategic decision to import wheat from the
global market to reduce local water scarcity.[43]

Iran offers a more cautionary tale on the consequences of defying hydrological
realities. Unlike Saudi Arabia, officials in Tehran chose to continue emphasizing
grain self-sufficiency at the cost of scarce local water resources.[44] The result has
been a compounding water bankruptcy that now sparks violent unrest,[45]
exacerbates pre-existing social fault lines and has reached a point of being un-
fixable without radical policy shifts — precisely the type of situation China
presumably seeks to avoid. While the Saudi example is positive, a Chinese decision
to rely more heavily on grain imports would be an unprecedented event for global
markets, given that its total grain needs are more than 70 times larger than Saudi
Arabia’s. Production in places like Brazil, the U.S. and Russia would take years to
materially respond, and sudden large-demand increases from China would likely
challenge the stability of the food-energy-water nexus for many grain exporters.

The same law of large numbers would apply to Chinese attempts to further expand
farmholdings abroad. Political shifts in breadbaskets like North America and
Australia likely foreclose PRC firms’ access to the millions of hectares of farmland it
needs to offset domestic water shortfalls. Argentina and Brazil remain question
marks. In Eurasia, Russia would be a mercurial partner, and farming operations in
Kazakhstan would potentially be subject to Russian veto. Africa, the remaining
location with ample land and water, would require massive additional investments
in infrastructure to irrigate fields and reliably move grain to ports. As Saudi firms
have learned in Ethiopia, foreign farmholdings can rapidly become lightning rods in
areas that, in many instances, are already cleft by political instability and physical
violence.[46]

China could also seek to import water from further afield in either “wet” or virtual
form, such as diverting water from Lake Baikal and other adjacent resource bases.
However, such efforts are likely to prove economically infeasible, volumetrically
insufficient relative to China's growing water shortage, too slow to construct or,
most likely, all three. Some transboundary water resources are accessible, but at
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extremely high cost to downstream countries. In the most prominent example,
satellite data reveal that China used 10 large dams on the upper reaches of the
Mekong River to capture water from the river's normal wet season flow peaks and
retain it for producing hydropower.[47] More low-carbon electrons benefit China’s
emissions control efforts, but as Beijing uses the dams to try to reinforce its
domestic food-energy-water nexus, it jeopardizes the food and water security of
millions downstream in Laos, Cambodia and Thailand.

When the Wells Run Dry

Without urgent action, the impact of China’s water shortages will ripple across the
globe and dramatically perturb global markets for food, energy and industrial
goods. Sustained water shortages will also force wrenching changes in China’s
economy as officials allocate an increasingly scarce, vital resource between
agriculture, industry and household usage. The net effect is likely to be further
headwinds restraining economic activity in China, which would result in a supply-
side shock with few easy avenues of resolution.

A water crisis that curtailed activity in China's real economy would rapidly morph
from a domestic issue to a global macroeconomic crisis. Given the world’s high
reliance on China for a wide array of economically critical goods, forced production
shutdowns due to water shortages would cripple supply chains across the globe.
Further, the disruption to agricultural markets would place enormous stress on
countries that rely on large quantities of imported food — many of which already
suffer from political instability.

China’s water crisis presents a policy challenge that is “too big to let fail” but also
“not too big to fix” if decisive actions are taken now. Much of the work will, by
necessity, be conducted in China under Beijing's political mandates, but to the
extent the U.S. and its allies can assist, it is in their interest to do so. Addressing
China's water crisis and its pressure on the food-energy-water nexus is one of the
precious few areas where bilateral cooperation may still be possible.

The U.S. must also take urgent action to decouple its most critical supply chains
from China as quickly and comprehensively as possible. Time is of the essence, and
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policymakers should treat this as one of their most urgent tasks, assuming a three
to five-year timetable for substantial completion. Likewise, water and climate
experts in places like Argentina, Australia, Brazil, Canada, Kazakhstan, Russia,
Ukraine and the U.S. should urgently consider how their agricultural and water
systems could — or could not — respond if asked to meet the call triggered by a
sustained failure of grain harvests in China.

The world faces an energy transition challenge of unprecedented scale that
dominates the headlines, but the food-energy-water nexus deserves equal, if not
more, attention. As China’s water clock relentlessly ticks toward a global crisis,
decisive steps must be taken while there is still time to act.
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