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Asia-Pacific: the world's most water-stressed populous region

SDG 6.4.2 - freshwater withdrawal as a share of available renewable resources, after environmental flows - AQUASTAT 2022

Freshwater withdrawals as a share of internal resources, 2022 .
: o ; , (= ! s 76.7% Southern Asia water stress
Freshwater withdrawals refer to total water withdrawals from agriculture, industry and municipal/domestic -

uses. Withdrawals can exceed 100% of total renewable resources where extraction from non-renewable
aquifers or desalination plants is considerable

AQUASTAT Snapshot 2025 - 2022

Central Asia water stress

70.2%

AQUASTAT Snapshot 2025 - 2022

72% of global withdrawals are agriculture

AQUASTAT / SDG portal - 2022-23

people in high or critical-stress

733 m countries

Data source: Food and Agri tress | CC BY AQUASTAT Snapshot 2025 - worldwide
Note; Five « %

medium stress

Country values (AQUASTAT 2022, SDG 6.4.2): Pakistan 110% - India 66% - ROK 85% - China 42% - Japan 37% - Indonesia 30% - Philippines 28% - Thailand 23% - Viet Nam 18% -
Bangladesh 6% - Cambodia 1%. Hotspots (GRACE-FO / literature): Indo-Gangetic - North China Plain - Mekong Delta.

Thresholds: <25% no stress - 25-50% low - 50-75% medium - 75-100% high - >100% critical. RAP page uses ~70% agriculture; AQUASTAT latest global figure is 72%.




Renewable water per capita is declining in most countries

Change between earlier and latest reported observations (%)
Six of the nine comparable
countries have less renewable

water per capita.
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Source: FAO AQUASTAT country profiles (earlier and latest reported observations).
Note: Change calculated as (latest - earlier) / earlier x 100. India excluded because the supplied table does not provide a usable new value.




A regional response — FAO RAP water, not one project

Water Scarcity Programme is pillar one. Tenure, transboundary and ecosystems sit beside it.
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Map is schematic. Teal = WSP implementation. Gold = ScaleWAT (also overlaps WSP). Pacific dots = TWP volcanic groundwater. India - Pakistan - Bangladesh - Nepal are Rapid Assessment /
irrigation-energy evidence — not WSP countries.

An Overview of FAO-RAP Work in the Region




Irrigation Expansion Is Outpacing Cultivated-Area Expansion

Percentage change in cultivated area compared with change in area equipped for irrigation.
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Intensification Is Increasing Harvest Capacity Beyond

Source: FAO AQUASTAT DATA, 2025-26 update compared to data from 2011 (India in 2015, Iran in 2008)




Water Stress Hotspots in the 2023 AQUASTAT Sample

Agriculture accounts for most water stress in the highest-pressure countries.
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Pakistan and Sri Lanka exceed 90% total water stress; agriculture drives most pressure across the top 15.

Source: FAO AQUASTAT Dissemination System (7)(1), 2023; top 15 of 28 non-aggregate countries.



Water Stress vs Irrigation Water-Use Efficiency

Across 25 countries, high water stress does not automatically coincide with strong irrigation efficiency.
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Each point is one country.

The expanded sample confirms that high water stress and high irrigation efficiency do not move together consistently.

Source: FAO AQUASTAT Dissemination System (7)(1), 2023; 25 countries with complete observations.



Agriculture Dominates Water Stress

Share of total water stress attributable to agriculture across the expanded 2023 AQUASTAT sample.

Agriculture’s share of total water stress
Top 15 countries in the 2023 AQUASTAT sample
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In every country in the top 15, agriculture accounts for at least 85% of total water stress.

Source: FAO AQUASTAT Dissemination System (7)(1), 2023; top 15 agriculture shares of total stress.



The Level of Energy Impacts on Irrigated
Agriculture

Fuel price hike is significant across the region, but impacts
on irrigation are varied

Impacts depend on irrigation water supply, crop, region and
pump type (surface or groundwater reliance)

Mostly dry season crops are affected: dry season rice in
Thailand, wheat in Nepal and Pakistan, Boro rice in

Bangladesh

Primary irrigated / dry-season crop by country - P= plant - G= grow - H=harvest

Irrigation is 5-10% up to 30-50% of total production cost R e Wy

(Boro rice >30%; Thailand >20% in GW-dependent areas) ‘ ..
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Bottom line: irrigation energy is a secondary cost driver 1 ... .. 1 1 ..
overall, but decisive for dry-season, groundwater-
dependent cropping — most acutely in South Asia. g " s
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Picture source: cgs-bd.com/article/3643/Backward-Irrigation-Practices-Costing-Bang

Dry season = Nov-Apr. Cefls shatw each country's main rrigated / dry-seasen crop. Sources: FAD GIEWS Country Briefs; USDA-FAS.




THE WATER-FOOD-ENERGY CONNECTION

Groundwater’s Outsized Energy

Fo tp-?i 21‘0 A 0
of freshwater withdrawals —
/%Iobally are used by agriculture -lg +20 25 /doy
Projected increasedQdbal water
demand

iE: 89%

GROUNDWATER: LAND SHARE vs ENERGY SHARE
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GROUNDWATER PUMPING: MODE SHARE AND ENERGY BURDEN
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of groundwater-
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Groundwater supports 40% of irrigated agriculture, but absorbs 89% of irrigation energy

and diesel is the dominant source of that burden.

Sources: FAO AQUASTAT; WRI (2023); Qin J. et al. (2024), Nature Communications 15, 3084.



South Asila (Bangladesh, Nepal,
Pakistan)

gz | -t

Pakistan Bangladesh Nepal
1.3M tubewells 1.72M GW pumps 90% electric
* 80% diesel-powered, with * ~80% of all irrigation; Pumps
low pump efficiency some electric pumps
* 80% of irrigation is
* Punjab alone: 60-70% of * High groundwater gravity-fed
agricultural production degradation rate

* High grid coverage
limits fuel exposure

South Asia is the region most exposed to fuel price surges — crop production

depends heavily on groundwater pumping.
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IRRIGATION DEPENDENCE ACROSS ASIA AND THE PACIFIC

Groundwater-Irrigated Area by Country

In terms of area, the India sub-continent constitutes the overwhelming majority of groundwater-irrigated land.
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highly uneven.
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Groundwater irrigation is highly concentrated, with India overwhelmingly dominating the regional footprint.

Areas shown in km?.



THE WATER-FOOD-ENERGY CONNECTION

Diesel Pumping Drives Irrigation’s Global Energy Footprint

o of total irrigated agriculture 0 of total irrigation energy
4 0 /o relies on groundwater 8 9 /o consumption is used for
pumping globally groundwater pumping

GROUNDWATER PUMPING: MODE SHARE AND ENERGY BURDEN
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Most groundwater pumping energy comes from diesel-powered pumping. surface irrigation systems.
Why this matters for Asia and the Pacific o Diesel pump reliance remains a major irrigation-energy
vulnerability across the region.
e Diesel pump share by country can serve as a key indicator
l of irrigation systems’ reliance on fossil fuel.
Higher Heavy fossil- Exposure to e Countries with high diesel-pump
Vulnerability fuel reliance price shocks dependence are more exposed to fuel-price

shocks and energy insecurity.

Groundwater supports 40% of irrigated agriculture, but absorbs 89% of irrigation energy

and diesel is the dominant source of that burden.

Source: Qin J. et al. (2024), Nature Communications 15, 3084.



* Irrigation-

equipped
area has
continued
to expand
even where
cultivated-
area growth
has slowed
or
reversed.

This
suggests
irrigation
investment
is becoming
increasingl
y important
to raising
output from
the
existing
land base.

Change in Area Equipped for Irrigation

Percentage change between the older and latest reported observations

in the supplied AQUASTAT profiles. Indonesia
+35.9% :
. 40 0 Area equipped
for irrigation has
Pakistan India wy o expanded in all
+1.2% * +24.2% N\ countries, with the
largest increases
in Indonesia,
India and Nepal.
Republic of Korea | , Nepal
+0.3% +22.8%
SriLanka ° « lran
+1.8% (Islamic Republic of)
| +18.1%
Philippines
+14.7%

Notes: Reference years (older — latest): Indonesia 2005 — 2023; India 2008 — 2024; Nepal 2002 — 2024; Iran 2003 - 2019;

Philippines 2006 — 2024, Sri Lanka 2006 — 2025; Republic of Korea 2002 — 2025; Pakistan 2008 — 2024,

Nepal compares full-control equipped area because the latest total-equipped row is unavailable. Iran uses full/partial-control equipped area.
Indonesia should be interpreted with caution because the classification changed.

Source: FAO AQUASTAT country profiles (earlier and latest reported observations).

As Cultivated Land Expansion Stalls, Irrigation Equipped Area Growt




Irrigation Energy
Solutions across the
Region

* Broad renewable energy goals region-
wide, but implementation varies

* Fragmented institutions are the key
challenge — limited in SEA, advanced
in South Asia; smallholders benefit
least

* Solar dominates the irrigation energy
transition; few other RE options,
often solar paired with HEIS

* Investment models vary in South Asia:
individual, collective, fee-for-
service, pay-as-you-go

Policy ambition is broad; delivery is uneven.
Solar plus efficient irrigation, backed by
workable finance models, is the practical
entry point.




Solar Irrigation Savings

Electricity and diesel savings from switching to solar pumping

SAVINGS BY REPLACED POWER SOURCE

The two alternatives use the same solar-pumping intervention but replace different energy sources.

[0 Replacing electrical grid } { @ Replacing diesel engine }

ANNUAL SAVINGS (USD/YR)

$207 (B @ ] $1,281

@b G &b’
LIFETIME NPV GAIN (USD)
sco (D © U ;o5

REPLACING ELECTRIC GRID REPLACING DIESEL ENGINES

CLEAN ENERGY HEALTHY CROPS

Switching from diesel to solar delivers about 6.2x higher annual savings and 3.9x larger lifetime NPV than switching from grid electric.

Source: Siyal and Gerbens-Leenes (2022).



What is being done to
address immediate
impacts on agriculture
and irrigation?

* Broader fuel subsidy programs — fuel
price caps and stabilization funds

* No direct relief for irrigation energy
impacts (cash transfer in the
Philippines; Kisan Card in Pakistan)

* Electricity tariffs for agricultural use
and public irrigation water services are A,

o og i ym borm i b e oD

mostly subsidized. r ool

* Solar Irrigation Pumps (SIP) and other RE
technologies, where programs pre-date the
price shock

— Early stage in Southeast Asia: Laos,
Cambodia, Indonesia, Vietnam — donor
projects and private initiatives (except
Thailand)

Response is mostly indirect: economy-wide fuel
and tariff subsidies rather than irrigation-
specific relief. Solar irrigation is the main
structural lever.

[T T T E T
e | 25 DCTER

17



Where Smart Irrigation Delivers Additional Energy Savings

A PATHWAY TO HIGHER EFFICIENCY

Start with quick wins, build momentum, and unlock the largest

savings with system upgrades and Al advisory.

Mechanical retrofit
0-6 months

%

25-35%

ENERGY SAVINGS

Vs

GREATER PRODUCTIVITY
WATER

Motor-health
remediation
6-12 months

,Q{»t

10-15%

ENERGY SAVINGS

The biggest single gain comes from low-
pressure irrigation paired with Al advisory.

STRONGER
RURAL ECONOMIES

Smart monitoring
+ adaptive control
12-18 months

ENERGY SAVINGS

Low-pressure
irrigation + Al

M ad‘éﬁ%’ﬂ‘ng

(implementation varies)

40-60%

ENERGY SAVINGS

RESILIENT TOMORROW

A MORE

Each intervention delivers additional savings, but the different baselines mean the percentages should not be added together.




Recommendations to Strengthen
Fnergy Crisis Resiliency and
Promote Sustalnability

Gate public irrigation money on water accounts and aquifer status (CGWB, CWC stress line;
WSP/CBWM/WaPOR) before new solar pumps or canal packages.

Recalibrate subsidies from kilowatts installed to litres lifted, and fund year-6
parts/service; redesign PM-KUSUM with IDCOL-style groundwater screening and pump-clinic
evidence.

Make group tenure/ownership the default for PM-KUSUM/PMKSY so marginal and tenant farmers
are included, using ScaleWAT diagnostics.

Fix the existing pump fleet and use trusted delivery channels (OFWM/utilities) before
adding solar megawatts; promote hybrid solar-grid-diesel for reliability, not diesel
exit.

Treat modernisation as a WEFE/consumption problem, not just lining and drip; use real-
savings briefs, Follow the Water, and a 2027 India-Nepal-Bangladesh exchange, while
respecting guardrails (Nepal gravity-dominant; 0.08 kWh/m3® aspirational).
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