IV.  Simulating the Macroeconomic Impact of Future Water Scarcity

In this chapter, the macroeconomic implications of possible future water scarcity are assessed. In order
to do so, the sustainability of a number of economic growth scenarios in terms of water resources are
considered. The analysis is based on a comparison between potential demand for water and estimated
water availability.

As was demonstrated in the previous chapter, water supply is calculated using the Global Change
Assessment Model (GCAM). Three different climatic Global Circulation Models (GCMs) were used as
inputs—CCSM, FIO, and GISS—to feed the complex hydrologic model. The models are described in detail
in Chapter 3 Box 2. The main output of this model is an estimate of runoffs and water inflows for many
regions in the world.

In this study, sustainable (renewable) water supply is defined as the total yearly runoff (where necessary
integrated by water inflow) within a given region, and scenarios are considered in which this is the only
available source of water. Therefore, the possible exploitation of non-renewable water resources (e.g.,
the so-called “fossil water”) is implicitly ruled out, whereas the adoption of unconventional water supply
means (desalination, recycling, harvesting) is indirectly accounted for as improvements in water
efficiency (fresh water needed per unit of economic activity).

Since demand for water is mostly an indirect demand, depending on the level of economic activity and
income, a global general equilibrium model is used to conduct simulation experiments aimed at
assessing changes in economic structure and trade flows, from which the demand for water is obtained.

The economic model considers 14 macro-regions:

1. North America 8. Central Africa
2. Central America 9. Southern Africa
3. South America 10. Central Asia

4. Western Europe 11. Eastern Asia

5. Eastern Europe 12. South Asia

6. Middle East 13. South-East Asia
7. Sahel 14. Australasia

In each region, in addition to the household sector, the following industries are considered:

1. Rice 11. Processed Food

2. Wheat 12. Textiles

3. Cereals 13. Light Manufacturing

4. Vegetables and Fruits 14. Heavy Manufacturing

5. Oil Seeds 15. Electricity

6. Sugar 16. Gas

7. Fibers 17. Water Services

8. Other Crops 18. Construction

9. Meat 19. Transport and Communication

73



10. Extraction 20. Other Services

This exercise is conducted for two future reference years, 2050 and 2100, but policy analysis focuses on
2050 only. Two “Shared Socio-economic Pathways” (SSP) were chosen to represent two plausible, but
distinct, future economic reference pathways: SSP1, termed “Sustainability”, and SSP3, termed
“Regional Rivalry” (See chapter 3 box 3 for more information on SSPs). SSP1 is characterized by the
following narrative: “Sustainable development proceeds at a reasonably high pace, inequalities are
lessened, technological change is rapid and directed toward environmentally friendly processes,
including lower carbon energy sources and high productivity of land”. By contrast, SSP3 is characterized
by the following narrative: “Unmitigated emissions are high due to moderate economic growth, a
rapidly growing population, and slow technological change in the energy sector, making mitigation
difficult. Investments in human capital are low, inequality is high, a regionalized world leads to reduced
trade flows, and institutional development is unfavorable, leaving large numbers of people vulnerable to
climate change and many parts of the world with low adaptive capacity”.

The analysis shows that while economic growth occurs in all regions, there is significant
divergence in future income per capita between scenarios where regions cooperate to
mitigate the effects of climate change on water versus scenarios where a short-term
outlook is taken

The levels of income per capita (real GDP) in each of the 14 macro-regions considered are depicted in
Figure 1, in the base year at which parameters of the model are calibrated (2004) and in the four
scenarios (SSP1 and SSP3, 2050 and 2100). The figure helps to highlight the salient features of the four
cases. SSP1/2050 (s1u2050) is characterized by dramatic income growth in East Asia, but also
Australasia, where income levels get similar to those in North America and Europe. SSP1/2100 (s1u2100)
exhibits very high growth rates all over the world. South Africa is the fastest growing region, whereas
income per capita declines in East Asia with respect to 2050. SSP3/2050 (s3u2050) is characterized by a
dual world, where developed regions (North America and Western Europe) experience a limited growth,
but developing regions (most notably East Asia) grow fast. SSP3/2100 (s3u2100) shows a more balanced
income distribution. North America and Western Europe slow down further after 2050 and East Asia
stops growing altogether, whereas Africa and the Middle East accelerate.
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Figure 1 - Income per capita in the 14 regions
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By 2100, excess water demand will exist in nearly every region of the world—with the
exceptions of North and South America, and Europe—implying that growth expectations
for the 21° century will likely not be met if the current water regime persists

Water demand projections are based on water intensity coefficients, that is, water per unit of output.
These are obtained as ratios between sectoral water usage and output in the base calibration year. In
turn, sectoral consumption has been estimated by elaborating information from various sources: the
WIOD project (Dietzenbacher et el., 2013), Mekonnen and Hoekstra (2011), the European research

project WASSERMed (Roson and Sartori, 2015), Mielke, Diaz Anadon and Narayanamurti (2010), the U.S.

Energy Information Administration (2015).

Water intensity coefficients can be used in principle, to translate the results of any simulation with the
numerical economic model (for example, industrial output volumes) in terms of water demand.
However, it is necessary to take into consideration that water usage per unit of production (or
consumption) does vary over time. In this study, it is assumed that efficiency gains are endogenous and
dependent on production growth. Specifically, it is assumed that only a fraction d of the increase in
industrial production volumes in a country, from g'to g”, translates into higher water consumption w”,
thatis:
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where i is

w=i(q'+d (q"-q) =i ((1-d)q'+dq”)

the relevant baseline water intensity coefficient (water per unit of production), and the value

of 0.5, or 50%, is assumed for the d parameter. Further improvements in water efficiency are posited

whenever potential water demand exceeds water availability, as it will be better explained in the

following section. To guard against exaggerating impacts the assumptions about technology change err

towards optimism.

Table 1 shows the crude first stage results obtained for potential water demand (i.e. consumption of

water resources), which simply mirrors the economic growth scenario, and is not affected by any water

supply constraint.

Table 1 - Projections of sectoral water demand

Water Demand/Usage

Baseline 2004

(millions of m3)

1 N_America 2 C_America3 S_America 4 W_Europe 5 E_Europe 6 MENA
Agriculture
Industrial 509594 123345 172642 172151 363591 508932
Municipal 38677 25540 17794 16250 28695 29255
Total 1868430 611551 1147115 548516 1231191 1071963
2050 SSP1
1 N_America 2 C_America3 S_America 4 W_Europe 5 E_Europe 6 MENA
Agriculture
48.16% 114.13% 129.76% 30.12% 117.99% 139.96%
Industrial 700836 288666 497493 238685 947801 1659859
37.53% 134.03% 188.16% 38.65% 160.68% 226.15%
Municipal 65660 59006 43494 25683 57253 82789
69.77% 131.03% 144.43% 58.04% 99.53% 182.99%
Total 2722422 1338371 2739094 732932 2833791 3023515
45.71% 118.85% 138.78% 33.62% 130.17% 182.05%
Var. GDP 142.88% 399.98% 456.41% 157.58% 379.45% 484.67%
2100 SSP1
1 N_America 2 C_America3 S_America 4 W_Europe 5 E_Europe 6 MENA
Agriculture
95.19% 191.17% 207.46% 68.32% 150.07% 233.36%
Industrial 970751 426260 730056 329211 1174845 2642777
90.49% 245.58% 322.87% 91.23% 223.12% 419.28%
Municipal 85075 80685 54438 31884 63922 111587
119.97% 215.91% 205.94% 96.21% 122.77% 281.42%
Total 3632648 1854068 3725858 967231 3336589 4533736
94.42% 203.17% 224.80% 76.34% 171.01% 322.94%
Var. GDP 334.80% 897.57% 869.69% 360.11% 603.08% 1033.52%
2050 SSP3
1 N_America 2 C_America3 S_America 4 W_Europe 5 E_Europe 6 MENA
Agriculture
26.93% 105.39% 103.99% 1.79% 89.18% 119.02%
Industrial 594637 263415 416307 178118 785532 1351739
16.69% 113.56% 141.14% 3.47% 116.05% 165.60%
Municipal 50095 60480 41939 17899 48770 76964
29.52% 136.80% 135.69% 10.15% 69.96% 163.08%
Total 2320436 1274184 2409802 562563 2421343 2597794
24.19% 108.35% 110.08% 2.56% 96.67% 142.34%
Var. GDP 73.44% 308.59% 331.47% 49.09% 267.02% 347.84%
2100 SSP3
1 N_America 2 C_America3 S_America 4 W_Europe 5 E_Europe 6 MENA
Agriculture
19.62% 242.20% 220.36% -8.27% 148.84% 264.69%
Industrial 541553 444730 707642 164499 1088114 2402876
6.27% 260.56% 309.89% -4.45% 199.27% 372.14%
Municipal 43144 96541 62444 14809 62063 120288
11.55% 278.00% 250.93% -8.87% 116.29% 311.17%
Total 2163905 2124498 3834878 509657 3237736 4469776
15.81% 247.40% 234.31% -7.08% 162.98% 316.97%
Var. GDP 82.57% 793.82% 748.21% 63.51% 494.36% 847.50%
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To estimate the regional “sustainable water supply”, results from the GCAM hydrologic model have
been used. Water supply in each macro-region is expressed as the sum of yearly runoffs of all countries

belonging to the region, averaged for three GCMs climate scenarios. Results are summarized in Table 2.

Table 2 — Water Supply Data (billions of m®)

AVERAGE
TOTAL RUNOFF

ST.DEV.

2005 2050 2100 2005 2050 2100

1 N_America | 5455| 5252 | 5304 1 N_America | 210| 159| 206

2 C_America | 2022|1971 | 1544| |2 C_America | 111|127 | 354

3S_America | 8101 | 8186| 8519 | |3 S_America | 472|325 1199

4 W_Europe 1434 | 1456 | 1463 | |4 W_Europe 19| 56 18

5 E_Europe 5797 | 5088 | 5059 5 E_Europe 39(123| 190

6 Middle East | 499| 393| 362| |6MiddleEast | 36| 36 28

7 Sahel 1129 | 947| 953| |7 Sahel 71| 57 79

8 C_Africa 2642 | 2336 | 2544 | |8 C_Africa 170 | 69 40

9 S_Africa 1275|1396 | 1345 | | 9 S_Africa 101 | 210| 205
10 C_Asia 532| 437| 414| |10C_Asia 76| 31 38
11 E_Asia 2539 2320| 2282 | |11E_Asia 83| 115 34
12 S_Asia 1698 | 1711| 1792 | |12 S_Asia 240| 86| 188

13 SE_Asia 4822 | 5367 | 5373 | | 13 SE_Asia 345|225| 423

14 Australasia | 1027 | 1067 | 1085 14 Australasia | 198 | 114 20

Observe that regional water availability is not expected to change dramatically during the 21° century,
whereas (potential) water demand would necessarily follow the underlying assumptions of baseline GDP

Ill

and population. The emerging regional gap between potential demand and actual “sustainable” water

supply is highlighted in Tables 3 (SSP1) and 4 (SSP3).

Table 3 — Water Demand Projections SSP1 and Percentage Excess Demand

SSP1 GAP %
2005 2050 2100 2005 2050 2100

1 N_America | 1868 | 2722| 3633 1 N_America 0.0 0.0 0.0

2 C_America 612 | 1338 | 1854 2 C_America 0.0 0.0| -16.7

3S_America 1147 | 2739| 3726 3 S_America 0.0 0.0 0.0

4 W_Europe 549 733 967 | |4 W_Europe 0.0 0.0 0.0

5 E_Europe 1231 | 2834| 3337 5 E_Europe 0.0 0.0 0.0

6 Middle East | 1072 | 3024 | 4534| |6 Middle East | -53.5| -87.0| -92.0

7 Sahel 354 | 2846 14189 | |7 Sahel 0.0| -66.7 | -93.3
8 C_Africa 551| 371313974 | |8 C_Africa 0.0|-37.1| -81.8
9 S_Africa 340 | 1481 | 5717| |9 S_Africa 0.0| -5.8|-76.5
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10 C_Asia 247 | 1167| 1577| |10C_Asia 0.0| -62.5|-73.8

11 E_Asia 172311389 | 9053 | |11E_Asia 0.0| -79.6 | -74.8
12 S_Asia 1859 | 9068 | 16373 | |12S_Asia -8.7|-81.1| -89.1
13 SE_Asia 1178 | 6204 | 10754 | |13 SE_Asia 0.0| -13.5| -50.0

14 Australasia | 202 464 681 14 Australasia 0.0 0.0 0.0

Table 4 — Water Demand Projections SSP3 and Percentage Excess Demand

SSP3 GAP %
2005 2050 2100 2005 2050 2100

1 N_America | 1868 | 2320|2164 | |1 N_America 0.0/ 0.0| 0.0

2 C_America 612 | 1274 | 2124 2 C_America 0.0 0.0| -27.3

3 S_America 1147 | 2410 | 3835 3S_America 0.0 0.0 0.0

4 W_Europe 549 | 563| 510 4 W_Europe 0.0 0.0 0.0

5 E_Europe 1231 2421|3238 | |5E_Europe 0.0| 0.0| 0.0

6 Middle East | 1072 | 2598 | 4470 | |6 Middle East | -53.5| -84.9| -91.9

7 Sahel 354 | 1521 | 4872 | |7 Sahel 0.0| -37.7| -80.4
8 C_Africa 551| 2353 | 7411 | |8 C_Africa 0.0| -0.8|-65.7
9 S_Africa 340| 940 2594 | |9S_Africa 0.0| 0.0/ -48.2
10 C_Asia 247 | 1073 | 1684 | |10 C_Asia 0.0|-59.2| -75.4
11 E_Asia 1723|8397 | 7751 | |11E_Asia 0.0| -72.4| -70.6
12 S_Asia 1859 | 6315|9916 | |12 S_Asia -8.7|-72.9| -81.9
13 SE_Asia 1178 | 4314 | 6668 | | 13 SE_Asia 0.0| 0.0|-194

14 Australasia | 202 | 316| 306 14 Australasia 0.0 0.0 0.0

Water consumption in the Middle East (and, to a lesser extent, in South Asia [India and neighboring
countries]) already exceeds “sustainable” water consumption in these scenarios. This suggests that in
these regions non-renewable water resources would need to be exploited that might include
unsustainable abstraction of groundwater.

However, in 2050 and 2100 water resources become insufficient in several other regions, all located in
Africa and Asia. This implies that for those regions, the strong economic development scenarios are
incompatible with the estimated availability of water resources. Equivalently, the analysis highlights that
water (or water scarcity) has been neglected in the definition of the Shared Socio-Economic Pathways
suggesting a potential inconsistency.
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Under business-as-usual scenarios, future global water supply is insufficient to keep up
with future global water demand. Nevertheless, smart policies coupled with increases in
water use efficiency can prevent production shortfalls and avoid reductions of growth in
most regions

How can the emerging water demand gap be accommodated in the water-constrained regions? Three
complementary ways are envisaged:

¢ If water is a non-substitutable production factor, production should fall in all water-consuming
industries by the same percentage of the excess demand gap. From Tables 3 and 4 one can see
that this gap is generally large, which would imply dramatic and unrealistic drops in production
levels. In any case, at least some part of the demand gap (in this exercise 1/4 is assumed)
translates into production cuts or, in economics jargon, into reductions of multi-factor
productivity. But in practice there is (albeit limited) factor substitutability, so this represents the
worst case that is unlikely to prevail.

* As water becomes a scarcer resource, its explicit market price or its shadow cost would rise,
reducing the relative competitiveness of water intensive activities. Within each industry in the
large macro-regions, activities would then be reallocated in time and space (by specific policies
or by market forces), and more efficient water techniques would be adopted. These
mechanisms end up reducing the industrial water intensity coefficients, by increasing overall
water efficiency. It is assumed here that this effect can cover 3/4 of the demand gap (other
parameter values have also been used to test robustness, but for brevity are not discussed
here).

* In addition to efficiency-improving reallocations within industries, water would be reallocated
between industries. This either requires establishing water markets or specific policies at the
national or regional level. The inverse of the water intensity coefficient is the value of
production per unit of water, that is, the water industrial productivity. Recognizing that perfect
reallocations are improbable and unrealistic, policy scenarios are explored, where the cut in
water consumption levels is not applied uniformly across all industries, but smaller reductions
are applied where water is relatively more valuable (and vice versa). Three cases are discussed
here: (1) no inter-industrial water reallocation [NO-WR], (2) mild [MILD] and (3) strong
[STRONG] water reallocation.

Table 5 (SSP1) and Table 6 (SSP3) present estimates of variations in real GDP, for all macro-regions and
for the world as a whole, under the three policy scenarios NO-WR, MILD and STRONG, relative to the
2050 baseline of unconstrained economic growth.
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Table 5 — Percentage Variation in Real GDP (SSP1, 2050)

NO-WR MILD STRONG

1 N_America -0.02| -0.02 0
2 C_America 0.07 0.08 0.14
3 S_America -0.04| -0.02 0.01
4 W_Europe -0.02| -0.02 -0.01
5 E_Europe 0.1 0.08 0.05
6 Middle East -14| -8.93 -6.02
7 Sahel -11.7 | -10.67 -0.82
8 C_Africa -7.08| -5.52 -3.09
9 S_Africa -0.75| -0.42 0.17
10 C_Asia -10.72 | -7.47 11.5
11 E_Asia -7.05| -3.75 3.32
12 S_Asia -10.1 -7 1.44
13 SE_Asia -1.98| -1.12 1.46
14 Australasia -0.05| -0.02 0.04
WORLD -0.37| -0.21 0.08

Without reallocation of water resources among sectors, water scarcity imposes a reduction to the world
real GDP of -0.37% in the SSP1 and -0.49% in the SSP3. However there are large disparities across
regions, with a large drop in income for some regions, but small gains in some other regions (e.g.,
Central America) due to improved terms of trade and relative competitiveness. In monetary terms, the
global welfare impact of water scarcity (equivalent variation) amounts to US$762 billion for SSP1 and
USS712 billion of for SSP3, with most of the burden concentrated in East Asia (around 62% of the total)
and the Middle East (23%).

A complete different picture emerges when some redistribution of water resources across sectors is
allowed. Industrial water reallocations are guided by an equation where an elasticity parameter (with
values set at 0, 0.1, 0.25 for the three policy scenarios) determines the sensitivity to the relative water
productivity. With a limited reallocation of water (MILD) the reduction of global GDP is reduced by 42%
in both scenarios, whereas regional reductions range from -22% to -67%.

Table 6 — Percentage Variation in Real GDP (SSP3, 2050)

NO-WR MILD STRONG

1 N_America -0.02 | -0.01 0
2 C_America 0.08| 0.09 0.15
3'S_America -0.02 | -0.01 0.02
4 W_Europe -0.01| -0.01 -0.01
5 E_Europe 0.07| 0.05 0.03
6 Middle East | -13.96 | -8.95 -6.21
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7 Sahel -7.21| -6.7 -0.98
8 C_Africa 0.18| 0.21 0.38
9 S_Africa -0.07 | -0.01 0.09
10 C_Asia -10.3 | -7.19 10.98
11 E_Asia -6.44 | -3.43 2.95
12 S_Asia -9.33|-6.51 1.03
13 SE_Asia -0.06 | -0.04 0.03
14 Australasia -0.03 | -0.01 0.04
WORLD -0.49 | -0.28 0.09

Furthermore, when the water reallocation is more pronounced (STRONG), it turns out that global real
GDP increases. The same applies to regional GDP in many water-constrained regions, although GDP
losses are still observed where the water demand gap is very large (e.g., in the Middle East). This is
because, with a sufficiently high value for the elasticity parameter, some industries (where water is
more valuable) get cuts in water endowments that are more than compensated by improvements in
water efficiency, ultimately increasing total productivity. In monetary terms, the welfare equivalent cost
of water scarcity becomes a gain, of US$214 billion for SSP1 and SUS165 billion for SSP3.

This “reversal effect” shown most clearly in Figure 2, which displays the range of the effect of water
scarcity on global growth, for all four scenarios. The lower bounds in this figure come from the SSP1, no
water reallocation [NO-WR] scenario for all regions, and the upper bound is from SSP1, strong water
reallocation for all regions except for Central Africa, where SSP3, strong water reallocation leads to
better growth. However, regardless of which SSP is chosen, the difference between the two policy
scenarios can be dramatic in some regions, most notably in Central Asia (getting a net increase of GDP of
around +22.2% from moving from no water reallocation to strong water reallocation). This is due to a
combination of factors. First, a region may be characterized by large differences in the industrial water
productivity, so that when the allocation scheme becomes more sensitive to productivity differentials,
significant variations in water endowments and, consequently, on the overall factor productivity will
follow (see Table 7 below). Second, the net aggregate effect also depends on how large the “winning
industries” are in the regional economic structure. For example, in Central Asia when Extraction, Light
Manufacturing, Transport, and Communication are allowed to use more water (despite reductions in
total regional water consumption), this vastly improves overallindustrial productivity. Furthermore,
these sectors are already relatively large in the structure of the Central Asian economy, making their
impact on regional GDP substantial.
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Figure 2: Range of Variation in 2050 GDP across SSP1 and SSP3, and 3 different policy levels
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Simulations show that with strong water reallocation, water scarcity will lead to a large
reduction in agricultural production in water scarce regions, where production will shift
to the less intensive manufacturing sector

Simulations with the Computable General Equilibrium (CGE) model entail shocking industrial
productivity parameters, in a way that is consistent with the underlying hypotheses of water availability
and water intensity in each sector. The model computes a counterfactual equilibrium for the world
economy and provides a rich set of output in terms of: production and consumption volumes,
investments, relative prices, trade flows, and many other economic variables. See Box 1 for a more
thorough description of the CGE model.

Box 1: A brief description of the GTAP model

The Global Trade Analysis Project (GTAP) is an international network, which builds, updates and distributes a
comprehensive and detailed data base of trade transactions among different industries and regions in the
world, framed as a Social Accounting Matrix (SAM). The SAM is typically used to calibrate parameters for a
Computable General Equilibrium (CGE) model, and the GTAP data base is accompanied by a relatively standard
CGE model and its software. The model structure is quite complex and it is fully described in Hertel and Tsigas
(1997). For brevity, summaries of the meaning of the main equations of the model are presented, and a
graphical representation of income flows in the model is shown in Figure Al (from Brockmeier, 2001).
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Figure A1 — Income flows in the GTAP Model

Equation and identities in the model include the following conditions:

* production of industry i in region r equals intermediate domestic consumption, final demand (private
consumption, public consumption, demand for investment goods) and exports to all other regions;

* endowments of primary factors (e.g., labor, capital) matches demand from domestic industries;
* unit prices for goods and services equals average production costs, including taxes;

* representative firms in each regional industry allocate factors on the basis of cost minimization;
* available national income equals returns on primary factors owned by domestic agents;

* national income is allocated to private consumption, public consumption and savings;

* savings are virtually pooled by a world bank and redistributed as regional investments, on the basis of
expected future returns on capital;

* the structure of private consumption is set on the basis of utility maximization under budget constraint;

* intermediate and final demand is split according to the source of production: first between domestic
production and imports, subsequently the imports among the various trading partners. Allocation is based
on relative market prices, including transportation, distribution, and tax margins. Goods in the same
industry but produced in different places are regarded as imperfect substitutes;

* there is perfect domestic mobility for labour and capital (single regional price), but no international
mobility;
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* there is imperfect domestic mobility for land (industry-specific price), but no international mobility.
Land allocation is driven by relative returns.

From a mathematical point of view, the model is a very large non-linear system of equations. Structural
parameters are set so that the model replicates observational data in a base year. Simulations entail changing
some exogenous variables or parameters, bringing about the determination of a counterfactual equilibrium.
The partition between endogenous and exogenous variables, as well as the regional and industrial
disaggregation level, is not fixed but depends on the scope of the simulation exercise.

It is not possible to illustrate in detail all the findings of the different simulation exercises in this report.
Rather, to show how the economic structure is typically affected, some results for the SSP1/2050
scenario with STRONG water inter-industrial reallocation are described below.

Table 7 — Changes in multi-factor productivity (SSP1, 2050, STRONG)

N_Ameri | C_Ameri |S_Ame . . . . . .
_ W Europe | E Europe | M. East | Sahel C_Africa | S_Africa | C_Asia E_Asia S_Asia SE_Asia | Austr
ca ca rica

Rice 0.00% 0.00% | 0.00% 0.00% 0.00% | -42.30% | -15.92% | -17.10% | -4.01% | -42.47% | -37.12% | -40.21%| -6.00% 0.00%
Wheat 0.00% 0.00% | 0.00% 0.00% 0.00% | -40.47% | -20.23% | -0.98% | -1.32% | -25.34% | -44.20% | -28.34% | -4.19% 0.00%
Cereals 0.00% 0.00% | 0.00% 0.00% 0.00% | -41.89% | -31.20% | -10.70% | -2.72% | -18.23% | -48.74% | -34.41% | -3.08% 0.00%
VegFruit 0.00% 0.00% | 0.00% 0.00% 0.00% | -28.74% | -4.92%| -9.96%| -1.95% 2.57% | -15.86% | -14.37%| -4.43% 0.00%
Oilseeds 0.00% 0.00% | 0.00% 0.00% 0.00% | -37.66% | -24.66% | -6.87%| -2.38% | -84.58% | -31.88% | -21.49% 1.43% 0.00%
Sugar 0.00% 0.00% | 0.00% 0.00% 0.00% | -33.51% | -22.90% | -3.78% | -1.78% | -10.71% | -35.44% | -20.61% | -4.14% 0.00%
Other
c 0.00% 0.00% | 0.00% 0.00% 0.00% | -21.01%| -7.76% | -9.88% | -1.10%| 11.42% -0.57% 6.91% | -1.52% 0.00%

rops
Oth Agr. 0.00% 0.00% | 0.00% 0.00% 0.00% | -21.41% | -14.66% | -11.35% | -0.78% 6.53% -8.26% | -9.25%| -2.15% 0.00%
Extr 0.00% 0.00% | 0.00% 0.00% 0.00% | -15.64% | 15.74% 0.71% | -0.21% | 17.46% 4.72% 9.86% 2.16% 0.00%
P.Food 0.00% 0.00% | 0.00% 0.00% 0.00% 6.81% | 29.57% 7.12% 1.11% | 30.82% | 18.57%| 22.97% 4.61% 0.00%
Textiles 0.00% 0.00% | 0.00% 0.00% 0.00% 7.45% | 28.02% 6.25% 0.98% | 29.37% | 18.68%| 24.65% 4.43% 0.00%
Light
Mgan 0.00% 0.00% | 0.00% 0.00% 0.00% 7.59% | 30.63% 7.72% 1.21% | 31.82% | 18.27%| 19.89% 4.83% 0.00%
Heavy
Man 0.00% 0.00% | 0.00% 0.00% 0.00% 4.60% | 28.63% 6.60% 1.03% | 29.94% | 16.42%| 19.13% 4.35% 0.00%
Utilities 0.00% 0.00% | 0.00% 0.00% 0.00% | -12.96% | 15.68% | -0.66% | -0.09%| 17.78% 3.10% 8.79% 1.43% 0.00%

Table 7 shows how the multi-factor productivity changes in the water consuming industries of the
various regions. Industry in non-water constrained regions are unaffected. In the other cases, there can
be both increases and decreases in productivity. This is because water is reduced, by different amounts
(depending on relative water returns), but all industries improve in terms of water efficiency. When
improvements in water efficiency more than compensate for the cuts in water availability, industrial
productivity rises. It can be easily noticed that this generally implies a shift in the economic structure
away from agricultural production, to the benefit of manufacturing and food processing.
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By shifting production to less water intensive sectors, and importing more water
intensive goods, water scarce regions can adapt to a changing water environment

Another interesting way to look at the changes in the economic structure is by analyzing the variations
in virtual water trade flows. Virtual water trade refers to the implicit content of water in import and
export flows. The water intensity coefficients can be employed to estimate the amount of water that
was used to produce goods that have been subsequently transferred abroad, which can be interpreted
as a virtual export of water. Table 8 presents the changes in virtual water flows (in billions m°) among
the 14 macro-regions, again for the scenario SSP1/2050/STRONG.

The reduction in agricultural production and other water consuming activities in water constrained
regions implies a substitution of domestic water-consuming goods with imports, that is, an increase in
virtual water imports. The difference between row and column totals gives the changes in the “virtual
water trade balance” for each region. These differences are summed and presented in Figure 3. Here it
is found that, as a consequence of market mechanisms affecting regional economic structures, the most
water constrained region, the Middle East, increases its net imports of virtual water by about 478 billion
m?. Other water-constrained regions also increase net importers of virtual water: Sahel (210 billion m°)
Central Asia (164), Central Africa (98). The global virtual water trade balance must equal zero, implying
that non-water constrained regions will expand their exports of virtual water.

Table 8 — Changes in virtual water trade flows (SSP1, 2050, STRONG)

from\to N_Am |C_Am S_Am W_Eu E_Eu M. East | Sahel C_Afr S_Afr C_Asia |E_Asia |S_Asia | SE_Asia | Austr Tot.
N_Am 0 -2280 -288 -581 1 2867 -63 -66 -60 2 4271 83 82 12 3982
C_Am 68 0 6 231 23 248 1 8 1 0 430 -21 7 4 1005
S_Am 35 19 0 626 227 4404 32 161 -29 19 2014 37 140 14 7699
W_Eu -42 -4 -2 0 -17 559 12 32 -12 0 -3 =77 -11 0 435
E_Eu 91 -27 -2 -2035 0 9263 -107 10 -29 13 487 90 206 6 7966
M. East -29405 -1157 -3579 | -74484 -6055 0 -576 -2170 | -12783 -416 | -373879 | -50614 | -78477 -2021 635615-
Sahel -8976 -1783 -1712 | -43556 -2211| -26877 0| -25440 -3719 -24 | -78762 -8492 | -14663 -456 216669;
C_Afr -24641 -1094 -5374 | -68558 -3746 -4582 -2038 0 -4930 -243 | -62724| -24279 -6567 -396 209 17(;
S_Afr -417 -76 -80 -3971 -220 -46 -52 -385 0 -19 -4871 -130 -653 -30 | -10947
C_Asia -2660 -2724 -586 | -22522| -86955| -21663 -21 -60 -283 0| -25800 -1858 -646 -100 165879;
E_Asia -45054 -6324 -3242 | -52678 -9300 | -10402 -1049 -2907 -3871 -827 0 -3219| -46907 -3327 189104;
S_Asia -53602 -8264 -2393 | -99100 -9193 | -115817 -1990 | -75700 | -23714 -736 | -108192 0| -128967 -2882 63055(;
SE_Asia -11803 -1504 -965 | -24063 -1847 2591 -1035 -4737 -2324 -32| -43591 -2306 0 -2691 | -94306
Austr 13 -21 -12 -255 0 1515 -33 -54 -213 0 27 121 -49 0 1040
Tot. -176393 | -25239 | -18227 | -390945 | -119293 | -157940 -6919 | -111306 | -51966 -2261 | -690591 | -90665 | -276505 | -11866
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Figure 3: Virtual Water Trade Balance
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Conclusions

In this chapter, findings of some numerical simulation exercises aimed at assessing the macroeconomic
consequences of a possible future scarcity of water have been presented. It is important to emphasize
that models are not designed to forecast the future. As with all modeling exercises, the analysis is based
upon a litany of assumptions and cannot be interpreted as predictions of future changes in GDP.
Instead the exercise serves to improve understanding of the magnitude and direction of changes and
how alternative policies can either accentuate or mitigate the adverse impacts.

The results demonstrate that water remains a significant, growth and development obstacle in the
context of a changing climate. It also forcefully illustrates that prudent management of water resources
is likely sufficient to neutralize some of the undesirable impacts.

Along the way several assumptions have been introduced, which are all more or less questionable.
Nevertheless, the main results are robust to alternative conjectures, and three main messages emerge
from the analysis.

First, scenarios of economic development that have been recently proposed to support the scientific
analyses of climate change have ignored water availability. The underlying assumptions of sustained
economic growth, especially for developing countries, would imply an excessive consumption of water,
even when substantial improvements in water efficiency are envisaged.
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Second, and related to the previous point, the emerging water scarcity will mainly affect developing
countries in Africa and Asia, hampering their prospects of economic growth. This means that water
scarcity will increase economic inequality around the world.

Third, an intelligent reallocation of scarce water resources towards sectors where the economic return
per unit of water is higher can be a very effective policy response to the emerging water scarcity and its
consequences. The analysis reveals that with a STRONG reallocation of water (implying aggressive
policies in many countries), would it be possible to mitigate the macroeconomic impacts (e.g., measured
by GDP) due to water resources scarcity. Of course, the model says nothing about how this reallocation
could be implemented in practice. The introduction of water markets (i.e. efficient water pricing) or a
more market-oriented planning of water infrastructure could be part of the solution. These are issues
that have been widely discussed in the water management literature and are beyond the scope of this
modeling exercise.
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