Supplemental Information - Global reorientation database 36 cases

A reorientation is a shift in broader societal priorities that drives reform of agricultural water
management (Seijger and Hellegers 2023). Agricultural water management encompasses activities
related to storage, distribution, consumption and drainage of water for crop production, fisheries and
livestock (Molden 2007).

The database is ordered by continent: Africa, the Americas, Asia and Australia, and Europe. I am grateful
to colleagues who helped with the analyses of specific regions?.

The case-specific analyses are a condensed interpretation of changes presented in the cited references of
the database. Each analysis ends with a ‘Degree of reorientation’ description, this is an assessment -
informed by the cited references- of the changes achieved across policies, plans, land and water
resources to support the particular reorientation.

Country and
reorientation

Description

References

Africa

Angola “from
abandonment
to
rehabilitation
and diversified
agriculture”

e The oil-based economy has not delivered prosperity to
Angola’s entire population. Before the civil war, Angola was a
major agricultural exporter, but during the civil war agricultural
lands were abandoned and nowadays 70% of the rural
population is engaged in subsistence farming.

eRehabilitation and diversification of agriculture is a top
government priority, especially as the country has fertile soils,
adequate water resources and a favourable climate. Donors such
as IFAD, AfDB and the China EximBank endorse this priority and
are investing in agriculture and water projects.

e National policies regulating access to land have not yet
transferred to local administrative levels. Land negotiations and
conversions are therefore negotiated in an informal matter.

o It is unclear what options farmers have to diversify their
livelihoods, and what consequences changes would have for land
and water resources. Conversion from forest lands to arable
lands is already observed in central and southern Angola.
[Degree of reorientation: large, agricultural rehabilitation is a
top priority and agricultural expansion is taking place, although
the effects on farmers’ fields and on land and water resources
require further research. Reorientation is ongoing.]

(Cabral et al.,
2011; Roder et
al., 2015;
Ovadia, 2018)

Eqypt (Nile
Delta and
adjacent lands)
“from Nile
water for the
old lands to
Nile water for
urban-
agricultural
expansions”

e The Nile is Egypt’s most important water resource. The water
supply and reuse systems in the Nile Delta are at their limits,
because modern irrigation will not significantly increase (the
already high) system efficiency of 75%. In addition, the price of
food security is starkly increasing, as the costs of food imports
compared to total merchandise exports nearly doubled in the
last two decades.

e The Government has a long tradition of running ambitious
projects to reclaim desert land for urban and agricultural
expansion. Projects like the 4 Million Feddan project, New Cairo,
Al-Hamman Canal & Extensions, New Delta, require Nile and
groundwater resources to equip these ‘new lands’ with sufficient
water. Due to the highly limited water resources this represents
a clash of interests between farmers in the delta (water for
affordable food, mostly small farmers) versus State Government
and military who want to attract investments for urban-
agricultural expansions (property development, large
modernized farms in the infertile dessert).

e A direct consequence of these water requests is that Nile water
resources are directed to those new development projects.

(Sims 2018;
Christoforidou
et al., 2023;
Shalby et al.
2023; Tawfik
et al., 2024;
Abdellatif et
al., 2025)

! Maria Christoforidou for Australia, Iran, Morocco, Nepal, South Africa, Tlrkiye, US Great Plains;
Uzbekistan; Petra Hellegers for Saudi Arabia; Juan Pablo Hidalgo Bastidas for Ecuador; Gaber Abdellatif
for Egypt; Bas van Wijk for South Korea.



Drainage water treatment plants treat agricultural drainage
water for those expansions, yet they deprive tail-end
smallholder farmers of water resources. Also the ecological
outflow to the Mediterranean Sea reduces as Nile-water is
reallocated to the new lands. Groundwater underneath the delta
is increasingly pumped to overcome water deficits.

e Evidence for the success of the new urban-agricultural
expansions is poor: very few people like to migrate to newly
built desert towns, and data on land actually taken into
cultivation is notoriously vague. Scientific analyses emphasize
little farm land is taken into cultivation due to a highly
challenging soil-water environment and poor organizational
support.

[Degree of reorientation: large as plans are in place,
infrastructure is built to reclaim land, to clean and redirect Nile-
water, and changes in surface and groundwater resources are
significant. The impacts of reduced water supplies for delta
farmers are largely unknown, and require further study and will
present themselves more clearly in years with reduced rainfall in
the Nile highlands and reduced inflows from the High Aswan
Dam.]

Morroco (Saiss
plain)

“From
unstainable
groundwater
abstraction to
surface water
supply to
protect famer
livelihoods”

e The Saiss plain is one of the country’s most productive
agricultural regions, with over 82% of water in the basin being
used for agriculture. Agricultural policies focused on
intensification of production, and this enabled farmers to rapidly
expand farm land and install drip irrigation through shallow wells
and deep tube-wells.

e Agricultural land use changed and expanded; between 1998
and 2019 irrigated agriculture increased strongly whereas range
land decreased by 80%.

¢ Water availability declined meanwhile; precipitation from an
average of ~600mm in 1960 to around 450 mm in 2020) and
spring flow declined by 40% between 2008-2020 due to
declining rainfall and exploitation of groundwater. Groundwater
levels in the Sais aquifer declined strongly with around 65
meters in 60 years.

e The Saiss Water Conservation Project (SWCP), a 10year
project (2017-2027), is currently under implementation. The
project will provide 100 MCM of surface water from the M'Dez
dam through a 135km pipeline to the Saiss agricultural area and
is intended to conserve groundwater resources. It is unclear if
regulations are co-implemented to curb groundwater pumping.
[Degree of reorientation: medium, high-profile project is under
implementation but at this stage it is unclear if it will be a mere
augmentation of water supply, or whether groundwater use is
fully replaced by the supplied surface water. Alternatively,
agricultural expansion may continue when there is no regulation
to limit groundwater pumping. Future research is needed to
assess how effective the water transfer is in replacing
groundwater abstraction with surface water from the M'Dez
dam.]

(Kuper et al.,
2017;
Hssaisoune et
al., 2020;
World
Economic
Forum, 2020;
Mendoza,
2021; El
Garouani et al.,
2024)

Morocco (Tadla
Irrigation
scheme)

“from
groundwater
overexploitatio
n to drip
irrigation and
groundwater
sustainability”

e In 2007, the National Irrigation Water Saving Programme was
drafted and aimed to save water in agriculture across the
country. For the Tadla Irrigation Scheme (100,000 ha), the
programme aims to convert 88,7000 ha to drip irrigation.

e Since 1980s, farmers in the scheme experienced severe water
shortage, this has led to widespread drilling of individual wells so
that farmers have access to both groundwater and surface water
(in over 70% of the scheme). Key irrigated crops are cereals,
lucerne, sugar beet, citrus, olives and vegetables.

e Due to substantial subsidies for farm conversion (covering 80-
100% investment costs) in the National Irrigation Water Saving
Plan, drip irrigation rose rapidly in the Tadla scheme from
4,500ha in 2006 to 25,000ha in 2016. After the conversion
farmers increasingly plant fruit trees (high-value crops) to
compensate for running expenses of drip irrigation. Farmers

(Boularbah et
al., 2019;
Boundi and
Yacine, 2021;
Zaharaddeen
et al., 2023)




constructed small ponds to store water for drip irrigation
purposes. The ponds offer farmers an opportunity to store
water, either water that was supplied by the irrigation system or
water that is pumped from the aquifer.

e Farmers continue to use groundwater after converting to drip
irrigation to overcome surface water shortages. 2022 was an
extremely dry year, with nearly no surface water for irrigation,
so farmers dug wells up to 500 meters deep to get groundwater.
e Conversion to drip was expected to reduce (agricultural) water
use and reduce groundwater overexploitation. However,
research shows that there is over-irrigation of crops (as much as
twice the crop water requirements), instances of increased
groundwater use, and no signs that the downward trend of
groundwater depletion is reversed in the Tadla aquifer. Water
stress is thus only temporarily resolved by the conversion to drip
irrigation.

[Degree of reorientation: large; a major conversion to drip
irrigation took place, yet the expected reduction in agricultural
water use did not take place as farmers over-irrigate and
intensify production]

Niger “from
land
degradation
and
malnutrition to
reclaiming
agricultural
lands and food
self-
sufficiency”

e Most of Niger’s agriculture is fully dependent on rainfall.
Livestock is an important adaptation to aridity and variable
rainfall. Water is a major constraint to development.

e In response to the 2011-2012 food crisis, the “3N initiative”
was established to reduce the impact of drought and
desertification and enhance food self-sufficiency.

eThe traditional “zai” technique was promoted in which farmers
dig pits to collect water and nutrients from compost.
eAfforestation, sustainable irrigation systems and sustainable
agricultural practices were promoted under 3N. Their effects on
agricultural water management remain unclear.

*An evaluation of other agricultural water management
programmes indicates positive impacts of investments in private,
small-scale land and water management (e.g., reforestation,
rainwater harvesting, groundwater pumping)

[Degree of reorientation: small, policies have been set by the
President’s Cabinet. Further research is needed to determine the
extent that land degradation and malnutrition are being
addressed and the policies’ impacts on agricultural production,
farms, and land and water resources. Reorientation is ongoing.]

(Merrey and
Sally, 2014;
World Future
Council, 2017)

South Africa
(Olifants River
basin) “from
development of
water for the
few to
development
for all and the
environment”

e Until the 1990s a very small race-based minority (largely
white, active in commercial agriculture, mines and industry)
benefited from the capture and development of water resources
in the river basin whereas the extremely poor African majority
(largely black) had little access to land or water.

e The National Water Act of 1998 was an important water reform
in South Africa, developed to achieve broader goals of post-1994
South Africa. The Act aimed to provide a framework for equity,
prosperity and environmental sustainability. Two instruments
were important to promote equity in water allocation:
compulsory licensing (all water users declare quantity of water
use, Government can reallocate water) and water markets
(voluntary transfer of water use rights where users who do not
need their water rights sell it to the ones who need additional
water).

¢ In the Olifants basin, a Catchment Management Authority to
manage the water was proposed but not implemented.
Evaluation studies conclude that inequity continues, as small-
medium farmers are not encouraged or protected, and large-
scale water users used the policy reform to strengthen their
claims on land and water.

¢ A land use change study indicated that between 2000 and
2013, rangeland area (primarily used for subsistence and semi-
commercial farming) decreased by 36% while increases took
place in agricultural (+20%), urban (+10%) and forest (+0.7%)
areas, resulting in higher run-off (~47%) and less groundwater
recharge (~59%).

(McCartney et
al., 2004;
Merrey et al.,
2009;

Liebrand et al.,
2012; Thiam et
al., 2015;
Gyamfi et al.
2016)




[degree of Reorientation: small, despite ambitions to reduce
inequity, inequity in the Olifants basin continues and land and
water resources are mostly used to the benefit a small minority.
Further research is needed to assess allocation of scarce water
across small and large water users in agriculture, industry,
urban areas and nature.]

Sudan “from
wheat self-
sufficiency to
Africa’s
breadbasket”

e The vast plains of Sudan are regarded as a promising area to
increase wheat production. The government aims to become
Africa’s breadbasket.

e To promote wheat cultivation, the government has raised
minimum prices for wheat.

e Innovation platforms were created to scale up technologies,
use of heat-resistant varieties, and seed production and
distribution.

e In the last five years, wheat production rose. Sudanese
officials claim a 75% increase, from 0.47 to 1.11 million tonnes;
a FAO study reported for 2020 a 30% increase of 0.72 million
tonnes over the last five years. On some farms, yields doubled,
from 2.5 to 5 tonnes per hectare.

e Sudan is far from wheat self-sufficient, as 2.1 million tonnes of
wheat were imported in 2019.

e Wheat is mostly an irrigated crop, apart from a small rainfed
area in Darfur. Malfunctioning of irrigation systems remains a
major risk to farm production.

[Degree of reorientation: medium, policies and scaling
programmes for wheat cultivation are in place and wheat
production has risen, yet self-sufficiency has not been achieved
and a status of net exporter of wheat is still far away. Further
research should determine impacts on water resources.
Reorientation is ongoing.]

(African
Development
Bank, 2020;
FAO, 2020)

Tanzania “from
small-scale,
undercapitalise
d and labour-
intensive
agriculture to
commercialisati
on and
expansion of

e With its Kilimo Kwanza plan (“Agriculture First”) government
has promoted use of fertilisers, agrochemicals, machinery and
improved seeds in various programmes and policy frameworks.
Water has not been a central concern.

e In 2008-2014, agricultural area expanded from 8 to 13 million
hectares. Agricultural production increased too, by 8.6% per
year. Economic land productivity hardly changed. Most of the
increase is found in cereals and soy, with little or no increase in
fruits, vegetables and cash crops (coffee, tea, tobacco).

(Eeden et al.,
2016;
Wineman et
al., 2020)

agricultural eShare of small-scale subsistence farming households has
land” dropped (by more than 10% in 2008-2014), whereas medium-

size farms have played an important role in agricultural

expansion and commercialisation.

¢ A system of water permits and water rights was set up.

However, an inability to monitor and service water abstraction

has remained, with a lack of penalties for illegal withdrawals.

e With greater irrigation and agricultural expansion and

commercialisatoin, water scarcity generally increases for

smallholders and the environment. Also, land deals for large

commercial farms have brought water grabbing, which deprives

smaller and usually poor farmers of their water access.

[Degree of reorientation: very large, the agricultural sector has

modernised and major change are observed in plans, policies,

farming practices, and land and water resources. However, there

has been little attention for water scarcity, environmental

degradation and rising inequality in land and water access.]
Americas
Argentina eGrazing lands have been converted into croplands for (Peiretti and
“from mixed, production of soybean, corn and wheat. Forest areas have been Dumanski,
diversified cleared for cattle and crop expansion. 2014; Lema et
agriculture to e Agricultural trade (especially soy and derivatives) is an income | al., 2018;
agricultural source and stabilising factor for the Argentinian economy. Piquer-
expansion and ¢ Plans and policies have supported agricultural expansion for Rodriguez et
monoculture export, such as the lifting of export taxes, infrastructure al., 2018)

export of soy
and maize”

investments under “Plan Belgrano” and a strategic plan for
agriculture, livestock and agroindustry.




e Farmers have widely adopted no tillage (79% of area cropped
to grain in 2010), which is beneficial for water infiltration and
soil water storage, soil organic matter and crop production. They
have also succeeded in reducing surface runoff and erosion.

e Production of corn (+50%) and soy (+20%) rose in 2007-
2016, though not as fast as envisioned in the strategic plan.
[Degree of reorientation: very large, Argentina has boosted the
production of soy and maize, though environmental issues
including water shortages and water pollution are slowly
emerging on the agenda.]

Brazil (Mato
Grosso) “from
agricultural
expansion to
sustainable
agricultural
intensification”

e The Mato Grosso region is a key rainfed agricultural area.
Cultivation here has expanded since the 1970s. Soybean, cotton,
corn are the main crops. The net cropped area rose by 43%
from 2000 to 2006.

» Deforestation, and fallow soils in the rainy season, have
contributed to loss of biodiversity, modified watershed flows,
erosion and water pollution.

* Forest conservation policies have stimulated intensification of
croplands and pasture. Policies to incentivise farmers are
manifold and range from certification for compliance with
environmental standards to licensing, control, and loans for
pasture productivity.

* After the soybean crisis of 2005-2007, farmers were
encouraged to plant non-commercial crops for soil cover and to
reduce erosion and water pollution.

e To spare land, research institutes have promoted a soy-cattle
rotation.

o Agricultural intensification has so far failed to slow agricultural
expansion, and soybean was planted on a record 10.2 million
hectares in 2020. Agribusinesses continue to advance into the
forest.

[Degree of reorientation: small, despite policies and plans to
confine agricultural expansion, agriculture continues to expand
into the Amazon. Further research is needed to assess impacts
on water resources. Reorientation is ongoing.]

(Arvor et al.,
2012; Garret
et al., 2018)

Canada
(Saskatchewan
province) “from
rainfed
agriculture to
strongly
expanded
irrigation”

e The Saskatchewan region accounts for the vast majority of
Canadian grains, oilseeds and livestock production. Rainfed
agriculture is dominant, but irrigated area is increasing.

e For years, farmers have advocated irrigation expansion,
although environmental groups express concern about pressure
on water resources and the effects of construction of dams and
reservoirs.

eGovernment’s irrigation strategy is to expand the irrigable area,
and this policy was formally approved in 2020.

e The Saskatchewan authorities announced the launch of a more
than US $3 billion irrigation project for diverse high-value crops.
This would more than double the irrigable land area in the
province.

[Degree of reorientation: medium, with a recent irrigation
strategy and major irrigation project approved changes are likely
to occur at the farm level, affecting land and water resources.
Reorientation is ongoing.]

(Corkal et al.,
2011;
Saskatchewan
Government
2020)

Colombia
(Caucau River
Valley) “from
traditional
mixed farming
to sugarcane
expansion and
river pollution”

e In the 1980s, government and elite landholders decided to
devote all flatlands to agricultural intensification. Expansion of
sugarcane agro-industry became a priority. Sugarcane
cultivation boomed, while pasture lands strongly contracted and
wetlands completely disappeared.

e Sugarcane yields have been high (~115 tonnes/ha) thanks to
irrigation, machinery and chemical fertilisation. However, climate
change and soil degradation have diminished yields.

e Observed irrigation volumes have been high, ranging from
1,200 to 2,000 mm for sugarcane. Combined with abundant use
of pesticides and fertilisers, sugarcane expansion has directly
influenced river pollution (urban effluents being another
important source). Watershed flows have also been affected,
and a loss of wetlands and biodiversity has been observed.

(Velez-Torres,
2012; Marull et
al., 2018)




e Inequality has increased due to land and water grabbing by
national and regional elites, facilitated by state intervention and
irrigation and river diversion projects.

[Degree of reorientation: very large, irrigated sugarcane
expanded massively, and agricultural water management has
contributed to river pollution and affected watershed flows and
biodiversity.]

Ecuador (Los
Rios and
Tungurahua
provinces)
“from
modernized
productive
agricultural
models to the
recognition of
basic livelihood
needs in
agriculture”

e Peasant organizations demanded since the 1990s that the
state should take the lead in redistributing land and water
resources, which until then were largely concentrated in the
fields of farmers who are part of powerful agro-industrial groups.
oThis led to a constitutional reform in the National Constitution
(2008) with Article 27, that was aimed to address a
redistribution of water and land rights from the powerful to the
marginalized.

» Different programs started to implement this reform. The
redistributions of land and water that took place, were mostly on
marginal land and based on voluntary transactions.

o A review of the reform in Los Rios and Tungurahua concluded
that the reform only superficially changed the inequality in
access to water, as effective water redistribution policies
remained absent. In Los Rios water resources are increasingly
concentrated for agro-industrial farming groups whereas there is
no sanctioning on illegal grabbing of water. In Tunguruhua,
greater equity in access to water was found, but only by
expanding agriculture into the nature areas (paramos) and not
by redistributing agricultural land and water within the
agricultural sector.

[Degree of reorientation: medium, a clear change in the national
constitution to increase equity in agricultural water access,
instances of greater equity in access to water are found but
these are mere expansions of agricultural land and water instead
of redistributions of land and water from powerful to
marginalized groups of people.]

(Hoogesteger
et al., 2016;
Moreano et al.,
2016)

Mexico
(Guanajuato)
“from unlimited
groundwater
abstraction for
irrigation to
effective
groundwater
regulation”

e The agricultural sector consumes 84% off all extracted
groundwater. Due to over-abstraction (~40% more groundwater
is pumped than recharged), groundwater levels have been
dropping by 2-3 m per year.

¢ A system of groundwater permits and tradable concessions
was set up, yet implementation was incomplete. Enforcement
has also lagged, resulting in legalisation of illegal wells and the
boring of new ones.

e Energy pricing was expected to motivate farmers to reduce
groundwater use. Yet here again implementation has been weak,
with many influential non-payers.

e Self-regulation has also been stimulated, though this has
mainly promoted knowledge exchange rather than collective
action to curb groundwater use.

[Degree of reorientation: small, various regulatory mechanisms
were set up but they have not been successful so far in
regulating groundwater use.]

(Hoogesteger
and Wester,
2017)

United States
(San Joaquin
Valley) “from
unregulated
groundwater
use for an
agricultural
powerhouse to
reduced
cropping area
and sustainable
groundwater
management”

e Farms in the valley produce half of California’s total farm
output and are strongly dependent on irrigation. There is a
serious overdraft in most of the aquifers in the valley.

e Farmers have already switched from flood to drip irrigation.
Further reductions in agricultural water use could be achieved by
reducing croplands by 200,000 ha. This measure is not favoured
by farmers.

e A main vehicle to reduce groundwater use is the Sustainable
Groundwater Management Act which aims to stabilise current
groundwater levels up to 2040.

e Users have formed “groundwater sustainability agencies”
responsible for overseeing groundwater sustainability plans,
measuring groundwater use, charging fees and attaining
groundwater balances.

(Hanak et al.,
2017;
Stokstad,
2020)




e So far, implementation has focused on expansion of usable
water supplies, alongside voluntary efforts to increase recharge
or reduce demand.

[Degree of reorientation: small, the policy ambition to stabilise
groundwater levels up to 2040 is rather modest, though many
voluntary efforts are ongoing to curb groundwater use. There
are no clear signs as yet that groundwater use is diminishing
across the valley. Reorientation is ongoing.]

United States
(Great plains)

“from freedom
to farm with
unrestricted
groundwater
use to
groundwater
conservation
for a
sustainable
agricultural
production”

e The Great Plains is one of the main agricultural regions of the
United States. In the US agriculture is characterised since the
1996 federal farm legislation as ‘freedom-to-farm’ with fewer
subsidies (from target price to market price levels, limiting
acreage for crops) and an increased (export) market orientation.
For 2017-2021 about one-third of the nation’s two million farms
receive regular subsidies, although the ratio is higher for larger
farms.

¢ In the Great Plains agricultural production intensified. From
2008-2018, cropland coverage increased with 5-10% over the
majority of the Great Plains, often in lands that were previously
regarded unsuitable for cultivation. Increases in crop land come
from expansions in rainfed farming, as the irrigated area in the
ten Great Plain states dropped with 6% over 2008-2018. Rainfed
farmers thus expanded, but also intensified as they shifted their
predominant wheat-fallow system (42%) to more intensive
planting rotations of wheat-corn-fallow (43%) and even
continuous cropping (15%).

e Irrigated agriculture (mostly corn, sorghum, winter wheat,
soybeans and cotton) requires more groundwater then is
replenished. Hence, protection of groundwater is called for to
sustain agricultural production, and many Great Plain states
intensified groundwater management strategies. Successes are
mostly found in the north of the Great Plains (Nebraska,
Wyoming suspended drilling new wells, mandatory metering,
restricting groundwater pumping). In the central and southern
states of the plains groundwater declined strongly, on average
by 14-m in Texas, 9-m in Kansas, 6-m in Oklahama, and 5-m in
New Mexico and Colorado for 1980-2007. It is estimated that
much of the southern, and parts of the central plains will have
insufficient water for irrigation in the next 20-30 years.

[Degree of Reorientation: medium, rainfed farming expanded
and intensified due to freedom to farm, whereas groundwater
strategies have not mitigated groundwater level declines across
the central and southern High Plains. Expansion in rainfed
farming increases production in short term, with onset of climate
change it will be a challenge to continue rainfed farming on an
expanded area]

(Harrington
and Dubman,
1998;
Rosenzweig
and Schipanski
2019; Evett et
al., 2020.;
Lambert et al.,
2020;
Edwards,
2023)

Asia and
Australia

Australia
(Murray-
Darling Basin)
“from irrigating
the Murray dry
to increasing
water flows for
the
environment”

e The Murray-Darling Basin covers 1 million km? and contains
about 70% of Australia’s irrigated land area. The mean annual
runoff is some 24,000 MCM. Large fluctuations occur in river
flow due to high temporal and spatial variability in rainfall.

¢ Irrigator influence has been very large for over a century in
the basin as water infrastructure was free or subsidised, and
water licences were also free initially. The strategy of ‘irrigation-
first’ or ‘irrigating the Murray dry’ has been very effective. River
flow dropped due to major irrigation extractions, outflow to the
sea is about 40% when there would be no irrigation. The current
outflow is not sufficient to keep the river open to the sea,
dredging keeps the river mouth open.

e The Water Act (2007) recognised the overuse of agriculture
and related adverse impacts on the environment, and called for
an increase in water flow for the environment. Environmental
flow requirements were prioristed over social and economic
considerations. The Act had to be implemented by a Basin
Authority which had to design and implement a Basin Plan with
diversion targets for agriculture and environment on the best

(Adamson and
Loch, 2014;
Grafton et al.,
2020; Beasley,
2021)




available scientific knowledge. The target for environmental flow
was - informed by science- initially set as a range from 3900 -
7600 MCM. This target was due to politics lowered to 2750, 2680
and eventually set at 2075 MCM. This water target should be
reached by means of voluntary buy-back of water entitlements
from irrigators (capped by 1500 MCM), investments in water
infrastructure to more efficiently supply water for the
environment, and investments in on-farm measures to improve
water use efficiency.

e Several independent reviews by scientists and a Murray-
Darling Basin Royal Commission conclude that current efforts are
not effective and unlawful. The reduced water targets for
environment are not effective to restore biodiversity in the
basin. The multi-billion dollars of public tax-money invested in
water supply measures make a poor infrastructure investments
as they reduce economic margins for remaining irrigators while
future climate change outcomes (increase in temperature,
reduction in rainfall) further reduces the economic margins, yet
they were not incorporated. Efficiency gains in water use at farm
level are not increasing return flows and thus further reduce
environmental flow.

e The water-reform approach that has been followed so far is
characterised by a massive neglection of the rights of First
People of Australia. Also, the best-available science was not
included as scientific experts were often neglected in
determining the environmental water target and effective
measures (e.g. voluntary buy-back), scientific censorship took
place on research institute CSIRO to make their findings align
with intentions of the Basin Authority, and the Basin Authority
remained untransparent which evidence was used to inform the
target for environmental flow. Recommendations to improve
water-reform (amongst others 44 recommendations by the
Murray-Darling Basin Royal Commission) were by 2021 not been
taken up.

[Degree of reorientation: very small; a Water Act, Basin
Authority and multi-billion dollar plan were crafted but its
implementation is not coming close to the water-for-
environment target as infrastructure and efficiency gains reduce
environmental flows and irrigators have increased the capture of
flood water on agricultural fields.]

Australia
(wheatbelt
region) “from
wheat
everywhere to
a smaller more
profitable
agricultural
sector”

e Number of farm enterprises is steadily declining. Due to
increasing scale and labour-saving technologies, agricultural
employment is in decline with depopulation taking place in many
inland rural areas.

e Since 1953 farm returns have grown in real terms, mostly due
to improved productivity (e.g., with the use of herbicides,
increased crop and pasture options, farm machinery, fertiliser
and new sheep breeds).

» Efforts to enhance the environmental performance of
agriculture, including water quality and quantity, have had
limited effect due to social and political pressure and marginal
public funds for environmental measures.

* Despite regional strategic plans, the public sector does not
seem to steer strongly in this reorientation, as the economic and
political importance of the western wheatbelt is small.
eFarm-level trend is towards increased farm size, but it is
unclear how the reorientation affects land and water resources.
[Degree of reorientation: small, policies and plans are in place
but with limited effect on water quality and quantity, and there
is little insight on how land and water resources have been
affected.]

(Kingwell and
Pannell, 2005;
O’Connor et al.
2005)

China (North
China Plain)
“from unlimited
water to
capping
groundwater

eThe area where groundwater is overexploited has steadily
increased since the 1970s, affecting both shallow and deep
aquifers over ~60.000 km2. Groundwater use for agriculture
accounts for two-thirds of the overexploitation. In addition, 75%
of groundwater is polluted due to infiltration of contaminated
water from agriculture, industry and urban areas. Due to falling

(Zheng et al.,
2010; Jia,
2011)




use for
agriculture”

groundwater levels, river channels have dried up and wetland
areas have shrunk.

e The government has set out to control groundwater
exploitation through a system of water rights administration,
well permits and pilots.

¢ A suite of pilot projects was conducted: crop
evapotranspiration reductions (e.g., switching from “thirsty”
winter wheat to low water consumption cash crops), slightly
saline groundwater practices, artificial recharge of groundwater
(e.g., infiltration of excess surface water) and surface water
transfers from the Yangtze River.

e The outcomes of some pilots were promising. Agricultural
water use was reduced by 225 mm/ha in Wuji village. There was
also a construction ban on new wells in some places. It is
unclear what combination of measures is most effective, how
pilot insights can be scaled up, and what options farmers have
as many of the pilots are experimental field sites and do not
reflect farmer realities.

[Degree of reorientation: small, policies and plans are in place
but limited changes are observed in groundwater levels. The
challenge lies in scaling up seemingly successful pilots to the
larger region. Reorientation is ongoing.]

India (Ganges)
“from a
sluggish,
polluted flow to
a clean and
continuous
flow”

¢ Due to agricultural expansion and intensification, widespread
groundwater pumping, and industrial and sewage waste, the
Ganges river system has become polluted and many streams
flow only seasonally.

e Hindus regard the Ganges as a sacred river, hence its
cleansing has been a national priority since the 1980s. Different
ambitious master plans have been launched, including most
recently, the National Mission for Clean Ganga (2011) and
Namami Gange (2014).

* Projects have focused on sewage infrastructure, and much less
on agricultural pollution and water use. These efforts are
frequently criticised for not achieving their ambitious objectives
due to insufficient sewage treatment capacity, corruption and
weak enforcement. It is unclear what options farmers have to
reduce both water use and pollution, while maintaining a
sustainable income.

e Interestingly, during the eight-week Covid-19 lockdown, water
quality quickly improved as polluting industries were closed,
agriculture water use and pollution was limited, and rainfall was
higher than usual (~60% greater than average in most
districts).

[Degree of reorientation: small, though ambitious plans are in
place, it is unclear what options farmers have and whether land
and water resources have been impacted. The Covid-19
pandemic demonstrated that Ganges water quality can rapidly
improve.]

(Dutta et al.,
2020; Sen,
2020)

Iran
(Zayandeh-
Rud) “from
expansion to
intensification
of irrigated
agriculture to
increase food
self-
sufficiency”

eAttaining food self-sufficiency is a key policy goal in Iran
embedded in strategic plans and policies. In the Zayandeh-Rud
basin, the government has since the 1950s been doubling the
water supply (more dams, interbasin tunnels) to satisfy
increasing water demands of an expanding irrigated agricultural
sector. Since the 1960s the basin was closed as all water
available in the river is abstracted (~80% for agriculture, 10-
20% industry and households, <2% Gavkhuni wetland).

e Major water transfer projects ended by 2010 as new water
transfers like the Behesh Abad tunnel turned out to be very
costly. Due to high population growth, urbanization and
industrialization there is less surface water available for
agriculture.

eFarmers massively turned to groundwater to meet water
demands of the crops. Groundwater policies and measures
(registering, banning, metering, sanctioning) failed to prevent
the overextraction of groundwater. Several aquifers are
overexploited, and the total number of drilled wells steadily

(Molle et al.,
2009; Nabavi,
2018; Zamani
et al. 2019;
Amiraslani and
Dragovich,
2023)




increase. The total extracted groundwater extraction was in the
2000s twice the surface water diversion.

e The government has been supporting intensification of
agriculture, through subsidies on water, energy and fertilizers
and guaranteed grain prices. This increased production and self-
sufficiency, as Iran was in 2005 largely self-sufficient in wheat,
rice and potato. Yet annual production strongly fluctuates - and
so is food-self sufficiency — due to water shortages, land
fragmentation, inadequate planning, rising costs of agricultural
inputs (with some subsidies being removed).

[Degree of reorientation: very large, food self-sufficiency was
largely achieved by agricultural intensification and
overabstraction from groundwater. Continuous overabstraction
of aquifers increases (future) vulnerability in water supply and
thus food self-sufficiency]

Jordan * Since the eighties agricultural production further intensified in (Venot et al.
“from Jordan. Groundwater has been severely over-abstracted in the 2008;
agricultural Jordan Valley and Highlands to meet increasing water demands Hellegers et
intensification ¢ In policies there is considerable attention for water security al., 2023)
to a water and illegal water abstraction, yet policies are not clear on which
secure Jordan” | regulations will drastically reduce agricultural water demands.

e Towards 2050 nearly all renewable surface and groundwater is

needed for domestic use. Agriculture then becomes nearly

entirely dependant on treated waste water. Treated wastewater

thus becomes the main new water resource for agriculture.

Present capacity of treated waste water is now 136 Million Cubic

Metres (and should go to 800 MCM in 2050) and efficiency

should increase from 30% to 80% in 2050.

[Degree of reorientation: small, regulations to reduce water

demand for agriculture are not taking of and there is no fast

adoption of agriculture irrigated by treated waste water.]
Kazakhstan e The Syr Darya river flows into the North Aral Sea, the Amu (Massakbayeva
(Kazakhstan, Darya river into the southern part of the Aral Sea. The Aral Sea et al. 2020; Liu
Syr Darya river | has been shrinking in size and volume for decades resulting in a et al. 2024;
to North Aral major environmental disaster. Water

Sea)

“from a
declining Aral
Sea to
sustainable
natural
resources
management”

¢ Kazakhstan is leading efforts to restore the North Aral Sea.
They are an active member of the Interstate Commission for
Water Coordination of Central Asia who established an
international fund in 1993 to save the Aral Sea. The fund
resulted in several restoration projects.

e In the North Aral Sea an earthen dike was constructed in 1992
to restore water levels, ecological and fishery conditions. The
earthen dike was in 2005 replaced by the Kok-Aral dam, a 13
km hard-wall dam with spillway.

e Since the dam construction restoration of the North Aral Sea is
often claimed as a success, and contrasted with the further
shrinking southern part of the Aral Sea. Water levels and
volumes in the North Aral Sea have been increasing and
stabilized over 2011-2020. Salinity of the sea decreased, and
fish and fishery industry partly recovered.

e Syr Darya river flow into the North Aral Sea over 2005-2014
shows a clear declining trend, caused by a combination of
climate variability and increased water withdrawals for
agriculture upstream in the basin. This means that the refilling
of the North Aral Sea occurs due to a decreasing (excess) river
flow, as agricultural water demands remained the same.

e In 2024-2025 a follow-up project is under consideration to
further enhance the ecological sate and volume of water in the
North Aral Sea.

[Degree of reorientation: very large as the Kok-Aral dam
ensured that Syr Darya water no longer emptied into the Aral
Sea but was confined to the North Aral Sea while restoring water
levels, water volumes, salinity and fish stocks in this sub-part of
the shrinking Aral Sea region.]

Diplomat 2025)

Nepal

e The Andhi Khola irrigation scheme was set up in 1982
(finalized in 1997) by the United Mission to Nepal (UMN),
requested by the Government of Nepal. Initially it was conceived

(Van Etten et
al., 2002;
Chidi, 2016;




(Andhi Khola
Irrigation
Scheme)

“from
hydropower
development to
pro-poor
benefits in
irrigation”

as a hydropower project, yet donors indicated that the local
community should also directly benefit, resulting in the inclusion
of an irrigation system that would ensure benefits for the poor.
The irrigation scheme was designed to supply an area of 282
hectares with year-round irrigation water which were previously
rainfed.

e The main objective of the irrigation project was to design a
scheme under which landowners and smallholders/landless
people would benefit equally as usually irrigation developments
strengthen existing inequalities among landowners and
smallholders.

¢ To facilitate this equal benefit distribution, the project was
accompanied by both land and water reforms. The distributive
land reform meant that larger farmers had to sell their land to
smaller farmers. The water reform was a novel water allocation
system of “equal water rights for all” in which tradable water
rights could be earned by participating in construction and canal
maintenance work.

*Pro-poor objectives of the project largely did not materialize
due to delays in land redistribution, limited participation of
landless people and disproportional obligations for smallholders
in negotiations over water rights compared to larger farmers.

e Analysis in the Andhi Khola basin between 1999-2014 showed
a reduction of around 20% in cultivated land. This reduction is
attributed mainly to population decrease (outmigration) and
altitudinal variation as the higher the altitude the higher the land
abandonment.

[Degree of reorientation: large as the pro-poor irrigation project
was implemented, several pro-poor benefits were recorded as
the land and water reforms gave landless and land-poor farmers
an opportunity to obtain land and water-rights, yet the benefits
were not as large as envisaged and large areas of irrigated land
were abandoned.]

Pradhan et al.,
2023)

Russia
(Tyumen
region) “from
recultivation to
agricultural
intensification,
expansion and
grain export”

e In the post-Soviet period, adequate, fertile arable land has
been scarce in Tyumen. Hence, farmers lease land in the
neighbouring region.

e The state has a strong influence on land management through
formal rules (e.g., reporting obligations for pesticide and
fertiliser use), incentives (e.g., to stimulate preferred cropping
plans and grain varieties), awareness-raising and quasi-formal
rules (e.g., encouraging a shift from forage crops to grains and
faster harvesting dates).

e Local food security arguments are used to justify increased
grain production in Tyumen, though grain is Russia’s key
agricultural export. Risks of crop failure due to insufficient
rainfall are largely unrecognised by state advisory services.

e The state strongly steers grain production, with preferential
attention for large farms and little concern for environmental
implications.

[Degree of reorientation: very large, state-central planning has
prevailed with major changes at the farm level. Risks of water
shortages and environmental pollution have received little
attention.]

(Kihling et al.,
2016;
Griewald,
2018)

Saudia Arabia
“from phasing
out domestic
wheat
production to
wheat imports”

e Saudi Arabia is overhauling its agricultural sector to reduce
water consumption.

e In 2008 the country produced 85% of the wheat it consumed.
From 2007 to 2011, the country reduced its wheat production by
53%, from 2,558,000 tonnes to 1,184,484 tonnes.

e The aim is to reduce agricultural water consumption from 17
billion cubic meters (BCM) in 2014 (which is 88% of Saudi
Arabia’s water consumption) to 5 BCM annually to make
agriculture more sustainable.

e In 2016, about 82% of non-renewable water consumption was
in the agricultural sector, mostly from groundwater as
desalinated sea water represents about 12% of all available
water resources.

(Beer, 2014;
Grindle et al.
2015; Alrwis et
al., 2021)




[Degree of reorientation: large, plans and strategies are in place
and domestic production of wheat has drastically dropped.
Further research is needed to determine whether the total water
consumption of the agricultural sector has dropped as well.]

South Korea
(Gyeonggi-Do
province) “from

e Since the Korean War ended in 1953, South Korea invested
strongly in irrigation infrastructure to increase irrigation schemes
for rice and rice yields resulting in rice self-sufficiency in the

(Won et al.,
2005; Kwater,
2021;

maximizing 1980-1990s. Administration,
rice production | ¢ Nowadays the country is shifting from maximising rice 2021; van
to reducing production to dealing with climate change and urbanization, Wijk, 2025)
irrigation and leading to a focus on reducing (irrigation) water use and
greenhouse greenhouse gas emissions in paddy rice fields.
gas emissions e To achieve these reductions, the government advocates a
in rice fields” switch from traditional irrigation to intermittent irrigation (II),

both with the help of policies e.g. Master Plan for National Water

Management (2021), and by supporting farmers through

projects and subsidies (e.g. Eco-friendly Direct Payment system

(2025), Low-Carbon Paddy Water Projects (2024), Carbon-

Neutral Programs (2023).

e In the Majeong irrigation scheme in Gyeonggi-Do province,

especially younger farmers with large farms adopted II. Farmers

applying II are more involved in educational programs and

trainings, and are trying to reduce irrigation water, even though

irrigation water is free in Korea. Labour was the biggest barrier

to apply II for both small-scale older farmers (weed growth) and

for large-scale older farmers (fragmentation of land).

¢ Field-level modelling of water balances and methane emissions

indicated that with II, irrigation water applied decreases with

7.1% and CH4 reduces with 21.8%.

[Degree of Reorientation: small, the ratio of farmers applying II

is relative low with modest decreases in irrigation water and

methane emissions. These reductions are smaller than

potentially suggested in research due to high water levels and

short little aeration events of some of the II practitioners.

Reductions are also smaller due to a different status quo

assumed in research studies; this case study assumed a period

of midseason drainage during the growth stage similar to farmer

practice, while other studies assume continuous flooding of the

rice fields.]
Tlrkiye e The Konya river basin is often called the ‘breadbasket’ of (Oztirk et al.,
(Konya River Tlrkiye as throughout the 1980s cereals constituted half of the 2018; Yilmaz
Basin) total agricultural production. Expansion of agricultural area et al., 2021;
“from peaked around 1995 to 30,000 km2, after which it decreased to Ak et al.,
expanding 22,000 km2 in 2019. Around 8,000 km2 are irrigated. 2022)
state- e The government of Tirkiye implemented neoliberal agricultural
supported policies (Structural Adjustment Programme 1980, Agricultural
farming to Reform Implementation Project 2001) that promoted price
intensifying liberalisation and strongly reduced low-priced, subsidised inputs
commercial (e.g. fuel, fertilisers) and crop-based support systems (e.g. for
farming wheat, sugar beet).

”

e These neoliberal policies had a clear effect on farming. Farmers
had to produce for commercial (national and international)
markets, and increased the use of fertilisers, irrigation water,
and crops. Over 2000-2020 a twofold increase in crop production
happened, with main increases in sugar beet +2.5 million
tonnes, and maize + 1.5 million tonnes.

e Demands for irrigation water nearly doubled over 2000-2019,
from an estimated 1.8 MCM to 3.3 MCM. Water supply in the
basin and water transfer from neighbouring catchments were not
sufficient to meet these water demands, hence farmers
increasingly rely on groundwater. Four out of five groundwater
observation wells in the basin rapidly decrease since after 2000
with ~1m/year.

[Degree of reorientation: very large; agricultural policies for
liberalisation had a major effect as the agricultural area reduced,
farmers intensified especially sugar beet and maize production
with increased use of fertiliser and irrigation water.]




Uzbekistan
(Amu Darya
river to South
Aral Sea)
“From cotton
and food self-
sufficiency to
Aral Sea
ecosystem
conservation”

e Due to the policy of “Cotton First” the Soviet Union pushed for
the cultivation of cotton in (present) Uzbekistan to promote
economic growth. Cotton production peaked in 2007.

e In the past two decades a self-sufficiency policy has been
replacing cotton for food crops such as wheat, corn, potatoes,
rice, fruits and vegetables.

e Discharge to the Aral Sea declined form 60 km3/year in the
50s to 10 km3/year in the period 2000-2010 causing a major
environmental disaster to the ecosystem and communities
around the Aral Sea.

o Difficulties in transboundary water cooperation and expansion
of irrigated agriculture lead to further declining discharges to the
southern part of the Aral Sea.

e Despite policy objectives and nature restoration programs, the
discharge of the Amu Darya river into the Aral Sea in Uzbekistan
is still shrinking in size and volume.

[Degree of Reorientation: very limited as discharge into the Aral
Sea continues to decline]

(Loodin, 2020;
Song et al.,
2023)

Vietnam e Economic reforms from the mid-1980s led to diversification, (Seijger et al.,
(Mekong Delta) | especially in aquaculture. Yet investments in dikes, canals and 2019, Vo et al.,
“from rice pumping stations supported a rice intensification strategy. 2019)
everywhere to e With the Mekong Delta Plan (2013) a new vision was launched,
high-value focused on high-value agriculture and tailored strategies for the
diversified distinct agro-ecological zones in the upper, middle, and coastal
crops” delta.

e A 10-year political process brought steadily growing support

for the new plan among ministries and expert advisors in Hanoi

and in the Mekong Delta. Legislation was adopted reflecting the

idea of high-value diversification and less rice. A more detailed

integrated regional master plan, and research pilot projects for

alternative farming livelihoods (e.g., sustainable aquaculture,

flood-based agriculture) have been devised.

[Degree of reorientation: medium, large changes are observed

in policies and plans, and actor support for the diversification

strategy has increased. However, a major gap remains between

the envisioned and actual agricultural water management and

resource use. Reorientation is ongoing. ]
Europe
Bulgaria “from ¢ Following the collapse of the central planning system and (Petkov and
state-led Zhivkov government in 1989, state-led farming and irrigation Dimitrov,
irrigation to also collapsed. This led to a 90% drop in irrigated farmland and 1996; Meurs

privatisation,
declining crop
production and
reduced water
use”

water use (1989-2007), and similar declines in fertiliser and
pesticide use. Lands were abandoned and yields fell well below
pre-1989 levels.

e Commercial farming, property rights and markets did not take
off. Instead supplementary farming grew from 14% pre-1989 to
53% in the 2000s.

e There seems to have been limited public sector steering in this
reorientation. State-led commercial farming collapsed, and
various factors complicated agricultural growth (e.g., credit
constraints, low returns on investment, acceptance of low
farming incomes).

[Degree of reorientation: very large, as major changes occurred
in both strategy and natural resources.]

and Bogusheyv,
2008; Bachey,
2010)

European
Union “from
polluting and
resource-
consumptive
agriculture to
agrifood chains
with a neutral
or positive
environmental
impact”

e Abundant use of chemical pesticides and excess nutrients in EU
agriculture have been a major contributor to soil, water and air
pollution and loss of biodiversity.

eThe EU “Farm to Fork” strategy sketches a new approach
spanning the entire food chain and envisioning a neutral
environmental impact, while ensuring access to sufficient food
for everyone. Moreover, the most sustainable food is envisioned
to become the most affordable.

eThe EU Commission is set to work on regulatory frameworks
(e.g., targeting sustainable food systems, carbon removal in the
food chain and sustainable use of pesticides), action plans (e.g.,
for integrated nutrient management) and promotion of

(European
Commission
2020)




sustainable practices, such as precision agriculture, agro-
ecological practices and carbon-efficient farming and livestock.
e”Farm to Fork” is highly ambitious, as it envisions a food chain
that contributes to a climate-neutral European Union by 2050.
This goal is at odds with Europe’s current intensive farming
practices, which are cheaper while causing more pollution of soil,
water and the environment.

[Degree of reorientation: small, reorientation has started with
formulation of the strategy. Agricultural water management
practices have not yet been widely adjusted.]

Germany
(lowland
region) “from
excessive use
of manure to

e Due to intensive agriculture and fertilisation, Germany has
since 2012 failed to meet the water quality targets set in
European environmental directives (EU Nitrates Directive, EU
Water Framework Directive).

e Coordinated efforts to reduce agricultural pollution have been

(Salomon et
al., 2016;
Kirschke et al.,
2019)

groundwater hampered by conflict between different state actors (particularly,
with good the federal and state authorities) over economic and
chemical environmental interests, combined with limited incentives for
status” farmers to adopt more environmentally friendly practices.
e Measures to reduce nitrogen pollution are not widely
implemented, and nitrogen concentrations remain too high. The
EU Court of Justice ruled in 2018 that Germany must take
stronger measures to combat nitrate pollution of water.
[Degree of reorientation: small, some plans and policies have
been formulated but little change is observable on farmers’ fields
and in land and water resources. Reorientation is ongoing.]
Spain e After irrigation reform in 2002-2015, water abstraction (Exposito and

(Guadalquivir)
“from irrigation
expansion to
water savings
and high-value
crops”

diminished by ~30% and economic productivity of irrigation
water increased by ~20% from €0.49 to €0.60/m3.

e Supported by the Spanish government, the Andalusian
irrigation plan prioritised modernisation of irrigation techniques,
especially with investments in and adoption of drip and deficit
irrigation and changes in cropping patterns (less cotton and
corn, more olive and citrus trees).

e Strict controls were introduced to reduce irrigated area and
water use (e.g., a moratorium on irrigation expansion and
reduction in water rights).

e Although the river basin is closed, risks of growing water
consumption remain and require policy enforcement.

[Degree of reorientation: very large, considerable change is
observed in policies and plans, extending to farmers’ fields and
land and water resources. Risks of over-consumption of water
still remain.]

Berbel, 2017;
Berbel et al.,
2019)

The
Netherlands
“from rapid
removal of
excess water
and nutrients
to soil-water
conservation
and

e In 2001, the national and provincial government and water
authorities agreed on a novel strategy focused on retention,
storage and controlled removal of water and nutrients.

e New approaches to drainage were tested, with pilots indicating
that controlled drainage would be effective in reducing both peak
flows and drought stress.

e Water conservation measures were not widely implemented. In
the recent dry years of 2018, 2019 and 2020, the media (again)
provided extensive coverage of water conservation measures on

(Ritzema,
2015)

biodiversity agricultural fields. Emergency solutions were implemented
enhancement” (rubber balls in drains), as well as visionary measures (the
“Veluwe Gieter”), and new research programmes were initiated
(e.g., Droughts NL of Wageningen University).
[Degree of reorientation: small, mostly in policies and plans,
much less in farming practices and land and water resources.
Reorientation is ongoing.]
World
World e Growing more food with less land and water has been a core (Molden 2007;

“From feeding
5 billion people
in 2000 on
1,200 million
hectares to 8-9
billion people in

concern of agricultural developments worldwide. The
Comprehensive Assessment of Water Management in Agriculture
was the largest collaborative scientific effort on water for food in
the early 2000s. Over 700 scientists were involved, it was led by
the CGIAR global research partnership for food security and it
was published in 2007.

Araus et al.,
2021; Seijger
et al., 2025)




2050 on 1,300 | e The study assessed past trends and future scenarios for
hectares” agricultural production, land and water use, and concluded that
it is possible to feed 8-9 billion people in 2050 with minimal
increases in land and water use. More food could be grown with
less water by making productivity improvements in land (more
tonnes per hectare) and water (more tonnes per m3 crop water
evapotranspiration). Global trade and rainfed agriculture were
the two most promising options to reduce future growth of land
and water use in agriculture. Irrigation was expected to make a
relative small contribution as the irrigated area is much smaller
than rainfed area.

¢ A recent evaluation for 2000-2020 shows that productivity
gains largely did not materialize. Photosynthesis increases - the
major determinant to improve crop water productivity - have
been very marginal at crop level for decades. Land productivity
gains also lagged, as increases in cereal yields were half of what
was needed for minimal increases in agricultural land area.

e Trade and cereal production was not consolidated in favourable
(predominant) rainfed regions (North America, Europe, Russia),
their arable land declined by 35 million hectares while arable
land expanded by 74 million hectares in Africa, Latin America
and Eastern Asia. Key rainfed areas thus shrunk in size, and an
unexpectedly large area expansion of rainfed agriculture was
found in sub-Saharan Africa with low yields. Irrigation expansion
was quicker and more extensive than predicted in the optimal
Comprehensive Assessment scenario.

[Degree of reorientation: very small; anticipated gains in land
and water productivity and optimization of global trade have not
materialized. The world appears to be on a path to produce
sufficient food only with steadily increasing land and water use,
at the direct expense of ecosystems.]
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