Hydro-economic modelling

Annual meeting of the Integrated Modelling Program for Canada (IMPC)
Saskatoon, 18 July 2018

IIIIIIIIIIII

University of Waterloo



Team in Waterloo

* January — February 2018 Hongxiu Liu

wate

INSTITUTE

oooooooooooooooooooo




Main objective

* Development of integrated hydro-economic modeling tools
to assess the broader direct and indirect economic impacts

of water policy

e Great Lakes Basin
e Saskatchewan River Basin with Leila Eamen
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accounting and the European Water Framework Directive. Statistical Journal of 2> WA
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Year 1

° \F
* B R., Liu, H dN N.(2017). AS f N
rouwer, R., Liu, H. and Neverre, N. . A Survey o AN
»
] L[] I N \
ydro-Economic Models in Canada. pp 12. AN
\
m‘j‘
Model General Characteristic Application Area Target Sector(s) User(s)
. . . ' A ) . . . . . University of Alberta and the Alberta
Aquarius  Non-linear programming model (profit maximization) Alberta’s South Saskatchewan River Basin Municipal, agricultural, and recreational water uses Research Council
CEEOT Conilpr.ehe.nswe Economlc an.d E.nV|.ronmentaI 3 watershefis in Alb.erta: Agriculture Alberta Agriculture and Forestry
OptimizationTool (profit maximization) Red Deer River, Indianfarm Creek, and Whelp Creek

Agricultural watersheds in Ontario, Manitoba,

imWEBs  Economic optimization (cost-effectiveness) Agriculture Academics
Saskatchewan, and Alberta

Partial equilibrium model solved using Stochastic Dual . - .
SHE I . quitbnd . ved sing eeu Saguenay river, Quebec Hydropower, dam building Hydropower companies

Dynamic Programming
SSRBIEW Economic input-output model (economic optimization South Saskatchewan River Basin (Alberta and Agriculture, residential, municipal, industrial, and energy Prairie Adaptation Research

based on maximization of output) Saskatchewan) water uses Collaborative

Recreational boating, commercial navigation, hydropower,  Various stakeholders and interest

SVM Hydrological simulation model Lake Ontario-St. Lawrence River and Upper Great Lakes — ) s ) ) & yerop o

Non-market valuation tool based on benefits transfer

wQvMm 1.0 functi All water bodies in Canada Boatable, fishable, swimmable, drinkable water quality
unction

omputer simulation model (multi-sectoral water supply ~ South Saskatchewan River Basin (Alberta and Municipal, industrial, power generation, irrigation, livestock  Prairie Adaptation Researc
and demand balance modelling) Saskatchewan) and instream water uses Collaborative
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Year 1

* Brouwer, R, Liu, H. and Neverre, N. (2017). A Survey of

Hydro-Economic Models in Canada. pp 12. A

* Brouwer, R. and Pinto, R. (2018). Review and Evaluation of
the Canadian Water Quality Valuation Model. pp 88.
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Integrated Modelling Framework

Water Quality Ladder Water Quality Valuation

Monitoring ‘ Thresholds ‘ WQ Index » WQ Ladder ‘ WTP ‘ TEV

Excellent Water Quality .
20 " }— Drinkable
9
8 — Swimmable
Water Quality Parameters
7 =
Chlorophyll a 5
Dissolved Oxygen 6 [ Fishable
Fecal Coliform Water 5 L
Total Nitrogen Quality Index
Total Phosphorus 4 | Boatable
Turbidity
3
2 I " Legend (number households):
0~-5,000
1 —— Non-Boatable . W 5001-15000
= 15,001 - 50,000
9 - W 50,001 - 150,000
m 150,001 - 500,000
Poor Water Quality m >500,001
2. (Dupont 2016) .
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Year 1

* Brouwer, R, Liu, H. and Neverre, N. (2017). A Survey of
Hydro-Economic Models in Canada. pp 12.

* Brouwer, R. and Pinto, R. (2018). Review and Evaluation of
the Canadian Water Quality Valuation Model. pp 88.

 Wunder, S., Brouwer, R,, ..., Pinto, R. (2018). From
Principles to Practice in Paying for Nature’s Services.
Nature Sustainability, 1: 145-150.
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Payments for Ecosystem Services

Spatial targeting

19

v.

ES density » Threat s ES density and threat None

35

%
8¢

Payment differentiation

20
4

Diversifiad » Uniform

Enforcad conditionality

18

18

Yes mNo Unknown

Wunder, Brouwer et al. (2018). From Principles to Practice in Paying for Nature’s
Services. Nature Sustainability, 1: 145-150.
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PES area size (ha)
(size scale of squares
aquals that of circles)

O[] Not area-based PES
o <100

101-2,000
2,001-20,000

20,001-250,000
250,001-1,000,000
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O0O0o0
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N
-,

Funding source
O Public
3 Private

Paymant differentiation
B Uniform

= Diversified
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Next steps

* Further explore with Statistics Canada the design of an
integrated river basin accounting framework

* Further development of the Water Quality Valuation Model
with ECCC

* Review of the potential of water quality trading schemes in
N-America (for integration in the hydro-economic model)

University of Waterloo
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Input-Output Model
with water constraints

Jorge Garcia, Roy Brouwer, Rute Pinto
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* |Input-Output model *r
* Assumptions A
* Data
e Case study: Ontario 2011
* Limitations
$ 5 WATERLSO ‘ waté




Input-Output model

30

_x1- 25
x=Ax+d x=1: s
le
Supply Demand i i 15
Solution = (19.19, 12.97)
10 |
/
X1
SO|UtI0n: X = (I — A)_ld 10 s 0 5 10 /15 20 25 30 35 40
Restriction2 Restrictionl
Example of economy with two industries
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Assumptions & Scenario

Assumptions

= Final demand fixed.

= Linear relation between output and
resource consumption.

= Quality of water not considered.

15

Scenario >

V&
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pr \

= ;%1’/

Due to global warming and extreme
environmental changes, a decline in industrial
water is expected.

Total water supply decrease of
e 10%
e 20%
e 30%
Baseline: water consumption of 2011.
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Data

Productivity of consumed water [$/m3]

10%

* Ontario 2011
 |ndustries: 32

e \Water data: Statistics Canadal?3,
Environment and Climate Change
Canada® & own estimation.

Provincial Symmetric Input-Output Table — Small Aggregation- Ontario, 2011, Table 15-211-XCE
Industrial Water use 2011, Table 16-401-X

Total number of jobs, S-level, Table: 36-10-0306-01

Canadian Environmental Sustainability Indicators: water withdrawal and consumption by
sector, 2016
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Case study: Ontario 2011

10 % Water decrease

Agriculture

100

—Max 99.5%
— Mean 86%

Mining —Min 72%

Range AGDP: 0.5-27.5% decrease

V4

=
-y

Commercial

Fower Generation

17

Manufacture

AGDP%/Awater%

)

Agriculture 1.9 1.2 0.59
Commercial 0.01 1.7 3.5 //
J
Manufacture 0.04 0.37 0.7
Mining 0.14 1.2 2.4
Power 004 | 06 1.1
Generation
Total GDP 0.04 1.4 2.7
&Y WATERLOO
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Case study: Ontario 2011

20 % Water decrease

100 Adriculture
——Max 99.1% Range AGDP: 0.8-48% decrease
— M 5%
Mining - Mﬁ,lagz% AGDP%/Awater%
Agriculture 1.9 1.3 0.6 /
_ Commercial 0.01 1.5 3 /)
Commercial
Manufacture 0.04 0.4 0.8
Mining 0.15 1.3 2.5
Power 004 | 06 1.1
Generation
Power Generation
Total GDP 0.04 1.2 2.4
18 Manufacture %;9 WATERLOO ‘ ENX.YUQEte
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Case study: Ontario 2011

30 % Water decrease

Range AGDP: 1.3-65% decrease

100 Agriculture
a0 —Max 98.7%
. — Mean 66%
Mining —— Min 35%
Commercial

Fower Generation

19

Manufacture
e

AGDP%/Awater%

Agriculture 1.9 1.3 0.7 Vi
Commercial 0.01 1.3 2.6 /:
Manufacture 0.04 0.4 0.8

Mining 0.14 1.4 2.6

Power 004 | 05 1
Generation

Total GDP 0.04 1.1 2.2
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Case study: Ontario 2011

Number of jobs lost
Crop and animal production ' ' ' ' ' p 10 % Water decrease

Forestry and logging

*Fi=hing, hunting and trapping”

Support activities for agriculture and forestny
"Mining, quamying, and oil and gas extraction”
LHilitie=

Residential building construction
Mon-residential building construction
Enginesering construction

Repair construction

Other activities of the construction industry
Manufacturing

Whaolessls trads

Retzil trada

Tranzportation and warshousing

Information and cubural industries

"Finance, insurance, real estate, rantal..."
Crwner ocoupied dwellings

"Professional, scientific and technical services"
"Admin and support, waste and remediation”
Educstional sarvices

Haalth care and socisl assistance

"Arts, entertsinmeant and recreation”
Accommadation and food senvices

Other services (exceapt public administration)
Mon-profit institutions serving housshaolds [ .
Govammeant education services .
Govermnmeant health servicas 7

Othar federal government sarvices .

Other provincial and tamitorial gov services | .
Other municipal government services | n

Othar aborniginal government services L L L L L ]

- Assuming mean solution:

. Total jobs lost: 568,860

-

-

; Percentage job decrease: 8.2%

Jobs <10 5 UNIVERSITY OF t
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Case study: Ontario 2011

Number of jobs lost

Craop and animal production [ .

Forestry and logging

"Fishing, hunting and trapping" 7

Support sctivities for agriculture and forestry [ 7
"Mining, quamying, and oil and gas extraction” .
LHilitias .

Residantial building construction [ 7
Mon-residential building construction | .
Enginesring construction | .

Repair construction

Other activities of the construction industry
Manufacturing

Whaolesals trade

Retail tradsa

Transportation and warshousing

Information and cuttural industries

"Finance, insurance, real estate, rental..."
Owner occupied dwellings

"Professional, scientific and technical services"
"Admin and support, waste and remediation”
Educational services

Health care and socisl assistancs

"Artz, entertainment and recreation”
Accommadation and food services

Other services (except public administration)
Mon-profit institutions serving houssholds
Government education services

Government haalth services

Other federal governmeant services

Other provincial and temitorial gov services
Othear municipal government services

Other aboriginal government services

21

20 % Water decrease

Assuming mean solution:

Total jobs lost: 1,769,200

Percentage job decrease: 25%
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Crap and animal production

Forestry and logging

*Fishing, hunting and trapping"

Support activities for agriculture and forestny
*Mining, quamying, and oil and gas extraction”
|Hilitias

Residantial building construction
Mon-residential building construction
Enginesring construction

Repair construction

Other activities of the construction industry
Manufacturing

Whaolezals trade

Retzil trade

Transportation and warshousing

Information and cultural industries

"*Finance, insurance, real estata, rental..."
Owner accupiad dwellings

"Professional, sciertific and tachnical services"
"Admin and support, waste and remediation”
Educational sarvices

Heslth care and socisl assistancs

"Arts, entertsinmeant and recreation”
Accommaodation and food services

Other services {except public administration)
Mon-profit institutions serving housshaolds
Giovemment education services
Giovernment heaslth services

Other federal govermnment sarvices

Other provincial and temitorial gov services
Othar municipal government services

Other sborginal government services

22

Case study: Ontario 2011

Number of jobs lost

30 % Water decrease

Assuming mean solution:

Total jobs lost: 2,554,700

Percentage job decrease: 37%
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Limitations and next steps

2 5)))

7

- N .
20
*
=,

Model does not capture dynamics /a\

»)

* Limitations in data aggregation lead to proportionality assumptions

Further linking of water quantity and quality data to economic activities
(e.g. P-emission levels of economic activities)

Up and down-scaling procedures to develop an I-O model for the GL basin
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