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Roadmap et A

1. Methodology - representing water in GCAM

B Water supplies and demands

B Mapping water supplies and demands

B Balancing supplies and demands
2. Impact of water pricing and closing water markets
3. Sensitivity studies

B renewable runoff water supply

B non-renewable ground water

B alternative water pricing

4. Climate mitigation and water pricing interactions
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GCAM Global Water Supplies:
Renewable Water

Major basins é_/

Ensemble Mean Annual Streamflow in 2095 (km®/yr)

Toward understanding the implications of climate change impacts
on water availability and on energy and land decisions in GCAM
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Drnsidlhs Nhovatod ho Rattalla Qivnn 10AK

GCAM has a macroscale
global hydrologic model

Modified River Transport
Model scheme

Simulates runoff and
streamflow (1901-2100)

Requires climate
information from GCMs as
inputs

233 basins globally

18 basins in the US

consistent with the USGS
WRRs

Monthly temporal scale

0.5x0.5 degree spatial
resolution
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Surf oth
Freshwater 2.5% ze:ﬁsvlaterer 1.2%

» Non-renewable (fossil) groundwater
B Depletable resources

B No constraint on maximum volume
due to lack of information and the
large amounts that are available

B Cost of groundwater pumping
increases with depth following the
work of Zhu et al., (2007)

Gleick (1993)

Total global Freshwater

» Desalinated water water
B Assumed a constant per unit cost

Global uUs
Desalination  Share Cost (S/ Share Cost
water source (%) m3) (%) (S/m3)
Sea 56% 1 7% 1
Brackish 24% 0.6 51% 0.6
River 9% 0.6 26% 0.6
Waste water 6% 0.6 9% 0.6
Pure 5% 0.6 7% 0.6
Brine 0% - 0% - Wangnick/GWI (2005)
SUM 100% ( 0.824) 100% Zhou & Tol (2005)

I 1.00-1.33
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Basin Runoff, Ground _ "
[ Basin 3 asin
Ground Water & [ Eaids Water asin
Desalination
Total Basin ORsvr ORsvr
per per
Supply i Basin 2 EN ]
Water Wéter
] . . : . Water Dist
Distribution & Dist Domestlic
Mapping Industry
Electric
Consumer Industry Domestic Corn Wheat Crop

Power AEZ10 AEZ10 AEZ11
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Closure of the Water System in GCAM  recirc N%
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ENERGY SYSTEM CLIMATE SYSTEM
4

Resource Bases » Coal, Gas, Oil

» Renewables Energy Markets
» Electricity i ; il
o » Fossil fuel prices Fossil and

» Electricity prices Industrial
» Hydrogen prices issi
Sbiceremy Sicas Emissions

Energy Conversion
Energy Demand

Technologies
» Transportation
[~ » Buildings
Energy Demand » Industry
Technologies

7 Other Markets
or Force » Emissions Permits
tab ° Regional » Portfolio Standards

7 ' GDP

Labor Productivity ——
Agricultural Demand

» Crops

» Livestock
> Forest Products

Concentration,
forcing
calculations

Land Use and
Land Use Change
Emissions

Agricultural Markets
» Crops prices

» Li K pri
Agricultural Supply > 'L:gre;sst:)cp plu‘:;‘:mces

Agricultural

: » Crops Oth ings
Technologies TRt » Bioenergy prices Land Use er thi
» Forest Products - & Land Cover (aercsols,

Land » Bioenergy sea level, ...)
Characteristics ™ =0/~ TURE AND LAND USE

' Water Demand

¥ » Energy
» Agriculture
» Domestic

Water Supply » Water prices

» Surface
» Ground
» Natural Lakes

WATER

Water Markets

7 Land

Characteristics

Climate Inputs
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2. IMPACT OF WATER PRICING
AND CLOSING WATER
MARKETS



Impact of Water Pricing and Water 7

et
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» Comparison of scenario with and without water pricing

1. No Water Constraint (No Water Price)
2. “Accessible” Water Constraint with Water Price (53% avg. of total runoff)

= “Accessible” Water accounts for renewable inflow, reservoir capacity and storage,
and environmental requirements

Global Runoff Global Water Withdrawal
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Which regions are affected by water 7
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GCAM Global Water Scarcity by Basin - 2005
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Which sectors are affected by water 7
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Withdrawal (No Water Price) Withdrawal (With Water Price)
8,000 8,000
7,000 7,000
6,000 6,000
o 5,000
£ B Manufacturing B Manufacturing
.§ 4,000 Livestock Livestock
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How does water scarcity affect global
agriculture production?

s wh =

Total global agriculture production

Regional shifts in agriculture production
Changes to the price of agricultural goods
Share of irrigated and non-irrigated agriculture

Pacific Northwest
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Changes to Global Agriculture Production w7

Pacific Northwest

With & Without Water Pricing o

Global Agriculture Production
(With & Without Water Price)
S22S8dR83ST3NSEBEER8LS38 —corn
RRRRRARARRARRARKIRKRKRIKKRKRSA
0,
1% —FiberCrop
0% "=
1% \.—t“ . —— . ~MiscCrop
2% — —OilCrop
o 3% ——OtherGrain
% - _
g " —PalmFruit
- (s]
B 6% ~—Rice
7% ——Root_Tuber
_Qo0,
8% ~—SugarCrop
-9%
10% Wheat
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Changes to Regional Agriculture Production racific northwest
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Changes in Global Corn Production Changes in Global Rice Production
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Regional Changes in Corn, Rice, Wheat, & S‘%ﬂ%’hm
Production in 2050 with Water Pricing (by AEZS)..... oo

Changes in Corn Production 2050 Changes in Rice Production 2050
Corn Rice
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e :
X . UV 0
0 i \ 0
‘ 50 -50
)

-_100 \‘ --100

Sugar Crop




Changes to Global Agriculture

Commodity Prices with Water Pricing

Changes Ag. Commodity Price with Water Pricing
2005 2015 2025 2035 2045 2055 2065 2075 2085 2095

20%
18%
16%
14%
12%

10%

Price Increase

8%
6%

4%

Wheat

sugar crop

Rice

2%

0%

—Corn
~——FiberCrop
——FodderGrass
——FodderHerb
—Forest
~MiscCrop
—QilCrop
——QtherGrain
PalmFruit
~—Pasture
~—Rice
Root_Tuber
SugarCrop
Wheat

biomass
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» Agriculture commodity prices do not change significantly due to

global trade.

» Constraining global trade of agricultural goods is likely to result

in higher prices (not explored).



Changes in Irrigated and Rain-fed
Agriculture Production with Water Pricing
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Global Rice Production: Irrigated vs Rain Fed
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Global Corn Production: Irrigated vs Rain Fed
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Global Wheat Production: Irrigated vs Rain Fed
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Water Scarcity with and without Water Pricing 7
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_2\3050 and 2100 by Basin Eenhwest
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No Water Price With Water Price

GCAM Global Water Scarcity by Basin - 2050 (no prc) GCAM Global Water Stress by Scarcity - 2050 (Accessible with prc)
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Renewable Runoff Sensitivity Cases

» “Accessible” Water (53% avg. of total runoff)

» “Accessible” Water + 20%
= 20% greater accessible for each basin (62% avg. of total runoff)

» “Accessible” Water — 20%
= 20% less accessible for each basin (42% avg. of total runoff )

Global Runoff Global Water Withdrawal
45,000 8,000
40,000 \/\/—\/\/ 7,000
35,000
’ 6,000
30,000
o0 o 5,000
< <
€ 25000 — T~ —— T — £
c < 4,000 M
o h— ™
= 20,000 T k-
@ - —— —— — @ 3000
15,000 —Runoff =No Water Price
10,000 —Accessible +20% 2,000 —ARESSIBIET20
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» Why is global water withdrawal insensitive to alternative assumptions of
“Accessible” water?
Water stressed regions are already at near max or exceed renewable runoff. | 2
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Changes to Regional Agriculture Production mtitRornwest
~ 20% Greater Accessible Water
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Changes in Global Rice Production

Middle East

Changes in Global Sugar Production
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Ground Water Sensitivity Cases

» “Accessible” Water and Low Ground Water Cost
» “Accessible” Water and High Ground Water Cost

Global Water Withdrawal Cumulative Ground Water Withdrawal
8,000 5,000
—==Africa

7,000 4,500 India
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4,000 ~==Canada
6,000 3,500 iddle . —China
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fés 5,000 % 3,000 cost ~—Former Sovie’z Union
é 4,000 § 2,500 — ::Z:’n
@ 3000 & 2,000 Southeast Korea
=—No Water Price 1,500 Asia ===Latin America

2,000 ==Accessible GW-Low 1000 ~==Middle East
1000 ==Accessible ’ Southeast Asia
’ _Accessible GW"ngh 500 / USA

Western Europe
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» Ground water is not a significant share of global withdrawal.
» |t's a depletable resource with rising cost of production.
» Non-renewable ground water has important local and regional impact.
= More research needed on ground water cost and availability. | 22



Relative Cost of Water

» Why did water pricing affect agriculture more?
» Why did water pricing not affect energy generation?

Water Coefficient Water Price Water Cost  Crop Price

Agriculture (m”3/kg) ($/mn3) ($/kg) ($/kg)
corn 0.42 0.10 0.042 0.10
rice 0.80 0.10 0.080 0.66

wheat 0.58 0.10 0.058 0.13
Water Coefficient Water Price Water Cost  Elect Price
Electricity (m~3/G)) (S/mn3) (S/GJ) ($S/G))
coal conv 2.24 0.10 0.22 15.26
gas cc 0.20 0.10 0.02 13.71

nuclear 1.65 0.10 0.17 15.89

7
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Water Cost
Share
43%
12%
45%
Water Cost
Share
1%
0.1%
1%

23
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4. CLIMATE MITIGATION AND
WATER PRICING INTERACTIONS
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Climate Mitigation Scenarios

» Ref Scenario with Water Pricing
» 450 ppm Scenario with Water Pricing (same runoff constraint)

000 Global Water Withdrawl 3,000 Withdrawal By Sector —|rrigation-Ref

T T T ==Domestic-Ref

\._——

5,000 2,500

===Electricity-Ref

—=Livestock-Ref

fé g =Manufacturing
c =450 c -Ref
§ 3,000 & 1,500 = = Irrigation-450
= “=Ref §
@ == Domestic-450
2,000 1,000
= = Electricity-450
1,000 500 = = Livestock-450
== Manufacturing
- -450
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» Global water withdrawal increases under climate
mitigation policy.
» Irrigation and electricity withdrawals are responsible.

25



Climate Mitigation Scenarios e
Which crops are responsible for increased rcific Northwest
irrigation demand? Proudly Operated by Battelle Since 1965

Global Biomass Production With & Without Biomass Water Withdrawal With & Without
90% 450 Climate Policy (With Water Price) 100% 450 Climate Policy (With Water Price)
0 0
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80%
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g _‘5 50%
40%
®7 X a0%
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» Increased use of biomass for energy contributes to greater irrigated
water use.

» Additionally, higher agricultural prices from increased biomass use and
valuing carbon on land raise irrigated water use for other crops.

» Greater investigation of land-water-energy-carbon interactions required.

| 26



Climate Mitigation Scenarios
Which technologies are responsible for increagggtwes:
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Questions

Thank you :

U.S. Department of Energy, Office of Science, Biological and Environmental
Research, the Integrated Assessment Research Program

PNNL — Platform for Regional Integrated Modeling and Analysis (PRIMA)



