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WEFE Nexus Ol | ST

What is water-energy-food-ecosystem
nexus?



Water/Energy/Food/Ecosystems D

7 Across Water, Energy, Food

(WEFE) Nexus Challenges

Water secury ) |  WEFE nexus is critical to rural livelihoods,
LN Kx A food and nutrition security & economies,
exus . _
and systems are strongly interconnected

Water distribution

vt QL. | - National & regional institutions struggle,
(“ T D ) particularly in transboundary basins
(| “xvzenl People : » Nexus goes beyond IWRM approach
5\ . Economies .
« Scale dependencies of processes:
Farm to landscape/watershed to
e basin scale
growth

« Women, girls, and vulnerable groups
face the greatest adverse consequences

Source: Mahlknecht et al., 2020; adapted
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NEXUS Gains examines WEFE systems in internationally significant transboundary basins. The
approach involves fully embracing the complexity of interconnected systems, including the additional
challenges of working across national borders. The Initiative works with a broad range of stakeholders
to overcome disciplinary and administrative silos and co-develops solutions that can be applied from
local to transnational scales. The goal is not solely economic efficiency, but inclusive socio-economic
development and environmental sustainability in the context of the climate crisis.

NEXUS Gains focuses on river basins: mosaics of ecosystems and landscape elements connected by
water flows. Digital tools will help understand and quantify both upstream and downstream system
interdependencies and predict future conditions. Practical innovations can then be implemented to
better manage WEFE systems while strengthening capacity and governance in collaboration with
partners at all levels.
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WPI1-Foresight and Tradeoff Analysis

« Target: NEXUS gains modeling tools will be used to assess
prioritized WEFE innovations

« System Transformation: National and sub-national government
agencies use system transformation research to implement
policies and programs that reduce emissions and enhance

climate resilience and environmental sustainability of food, land
and water systems

 Progress: Swat+ Model, PyYWR and CGE-W models are being used
to prioritized the WEFE innovations
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Menti-Meter Results | At Erargy o

Menti results from the workshops indicated strong support for the model, with valuable feedback from
technical and policy experts, ensuring continuous refinement.

Multiple ChoiceHow do you perceive the role of  How integral do you perceive policy scenarios or

stakeholder engagement in the success of policy - simulations in informing your decision-making
scenarios/simulations? processes?

20

3
1 1
(e |

Extremely Moderately Somewhat Not
valuable valuable valuable valuable

Extremely Moderately ~ Somewhat Not
valuable valuable valuable valuable
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What are the primary challenges you anticipate  What are 3 top priority simulation scenarios that

encountering when applying scenarios or could aid in addressing Pakistan's water, energy,
simulations in policymaking? food, and ecosystem challenges?

key factors challenges RodsRy’ "
m fooddemandvsavailabile  import t
lack of public awareness ‘
not awared policymekers E:J howto reduce gw deletion
gw‘gmmmmm,«m reduction insugar cone o
¢ depralments  peyietprices  bureacrotic hurcles i WOlaNTE00 cropping pattern  , caizone
data o y  complexsyst f PRI et ;
W ' nate change water productiviy  "esearch C||m0te ChGnge alternative crops
market

Lk ¢ Wcter riCin I)ow".;redwe.po‘,etlv
doto ovcnloblllty e Q10 2 p“ 2

i_) g ter markets 2 ; diversification of crops
= - pO||t|CO| ISSUes social J:_::::;.')w'.uw_:f. e _ €
g ! 1dat N O sacialeconomic and polit
politicians - factorial smulation
rop diversific impart export balan
g cgical s
too man y scenarios needed et prici sustainas
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Workshop- CGE-W Modeling

NEXUS Gains

A0-ECONOMIC

MODEL FORDECISION [ ing
MAKNGONWATER W .
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APRILHZOR-[wmm







L&J NEXUS Gains:
Realizing Multiple Benefits

ﬁf Across Water, Energy, Food

Layout of Session

Review of market economics for use in policy
analysis

Basics of GAMs coding and use.

Implementing A simple multi-market model In
GAMs

Some Policy outcomes



3] | NEXUS Gains:
Realizing Multiple Benefits

1 ==
What is GAMS? SE | hetos Water Enrgy Food

 General Algebraic Modeling System

 Mathematical programming environment
(not for statistics like Stata, SPSS)

* Solves systems of equation
(easy to do vector or matrix calculations)

* Solves problems that involve optimization
(lTke maximize income, minimize costs, etc)
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Simplest Demand-Supply Model i |

Price (P)

Supply curve (S)
QS =f(P)

Demand curve (D)

QD =£iP)

Q, Q, (QD=QS) Quantity (Q)

«—
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Specifying the demand curve

Price (P)

Demand curve (D)

Slope

. Qb = f(P)

| d,=QQD/AP

| We assume f is linear...
i

_______________

Intercept

Quantity (Q)
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Specifying the supply curve S | Ao gy oo
Price (P)

Supply curve (S)
QS = f(P)
QS =s,+5s,P

AP

s,= AQS/AP

0 Quantity (Q)
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Mathematical equations S Ko i oo
Demand curve QD,=d.-d;-P,
_ 0 1
Supply curve QS. =s’+s'-P
Equilibrium
: QD, =G,

where c Is a set of commodities

So If we have two commodities (e.g. agricultural
and industrial goods), then we have two demand,

supply and equilibrium equations (one for each
commodity)



How elasticity is derived in GAMS exercise:

Example: Simple equilibrium conditions

Flasticit 5 P Ademand P
— *k —
asticity of Deman APrice " 0

. Ad d
Slope = Elasticity ¢ - Ademan
P APrice

Qd = 600—4P; (Qs=80+1P
Demand = Supply
600 —4P =80+ 1P
5P =520
P(Equilibrium) = 104
Qs = 80+ 1(104)
Qs = 184

And
Qd = 600 — 4(104)
Qd = 184

L&J NEXUS Gains:
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Mathematical equations con |
Demand curve QD, =d;—d;-P,
0 1
Supply curve QS. =s; +5:- R,
Equilibrium QD = QS

where c is a set of commodities

This set of equations and the equilibrium relationship
can be modelled in a software called GAMS !




Breaking up the problem in GAMS

Demand curve
Supply curve
Equilibrium

QDL =

0

~

1

P

~

Q35—

_|_

1

P

(

\J

QL=

~
s

When you program GAMS you break up the problem into its components...

Sets

Variables endogenous variables (price, quantity demand/supplied)
Parameters

Equations

Model

collection of equations

exogenous variables (slopes, intercepts)

indices (agricultural goods, industrial goods)

structural relationships between variables and parameters
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Resources on CGE modeling and/for GAMS 2% i

The following websites provide plenty of materials and links:

— WWW.Z8ams.Com
— www.gtap.agecon.purdue.edu
— /www.agrodep.org/model/gams-training-toolbox



http://www.gams.com/
http://www.gtap.agecon.purdue.edu/
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Factor earnings
(value-added)

Domestic private savings

Factor markets e itttk 1
| |
| |
| 1

Indirect taxes : Direct taxes Fiscal surplus I

e o e T T I aEnEEEE . !

: (I v ! vV v
Productive I

. . I Households Government Investment
activities . 1
Intermediatel I

demand ! 44 | 4 4

1 1 1

! ! Social transfers | !

y 1 1 |

. | 1 |

Commodity \__ I I |

< T T |

Sales income markets Consumption : Recurrent : Investment :

spending (C) , spending (G) | demand (1) I

Exports (E) | 1 I

| 1 |

1
Imports (M) : 1 :
| 1 1
1
Restof world ---------- B LR PP '
Remittances Foreign grants Capital inflows

and loans

Source: Breisinger, Thomas, and Thurlow (2009)



Income rows

Social Accounting Matrix- Okara

O

@
(&)

<

CGIAR

00 6 60

NEXUS Gains:
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In billion RS

Activities Commodities
Agriculture Agriculture Factors = Households | Government | Investment @ Rest of world Total
Livestock Non-Ag Livestock Non-Agg
Crops Processing Crops Processing
Activities 168.3 65.9 174.8 253.6 662.6
Commodities | 78.9 = 41.5 31.7 78.0 15.9 13.8 18.1 68.9 198.9 31.7 12.0 353.0 942.4
Factors 86.3 243 127.0 179.0 87.0 503.6
Households 559.7 0.3 -259.2 300.8
Government -3.9 11.8 3.7 -3.9 12.9 11.0 31.6
Savings 28.4 28.4
Restofworld | 3.6 16.1 20.4 1.6 11.3 129.5 2.2 3.5 3.6 191.8
Total 168.7| 65.9 174.8 253.2 |204.7 81.3 204.3 452.0 | 573.7 231.0 31.6 28.4 191.8
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Hydro Side <L

CGIAR

Monthly Averaged River flow data

Rim station flow data

Inflows - Per month (SWAT,HARO SOAN )

Committed annual outflows from Pakistani rivers — Monthly
Storage Capacity of Reservoirs - Latest (For all reservoirs)

Groundwater type as per canal command area (Fresh/Saline) — Overall Data Required for all
canals

Mapping Canals to nodes

Proportion of the previous month’s flow lagging - Latest available numbers
Loss coefficient for river routing - Latest available numbers

Loss coefficient for tributaries - Latest available numbers

Public tubewells pumping across ACZ* (Fresh/Saline) - Per Month Data required for all zones

Depth of Water Table Zone-wise (Fresh/Saline) - Per Month
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Indus Basin Water Balance (Young et. al 2019) i |metossien:

Total basin inflows -y ..
205

Irrigation

Irrigation and other
minor uses

Groundwater purmpang

lrmigation recharge 17
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Crop Water Requirements o [T

Annual Crop Water Requirement (mm/year)
1600
1400

1200

1011

1421
1223
1074
1000
800

889
825
741 o 79
649
641
600
338 339

400 335 311 208

265
- I I I

Wheat Rice Cotton Sugarcane Maize Citrus Tomato

m Annual ETa (climate data) ~ ® Annual Eta(satellite data) = CGE-W data

Source. Authos’ estimation

333 329

o



High Rice Growth and Climate outcomes in Punjab L (&0 esenc
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from the IFPRI CGE Model CGIAR | and Ecosystems
Okara Punjab
% Output Chg Water Use (MAF) Land Use (mm Acr)
10 years 16 years
. : Base LFPHE Base LFPHE
Okara Simulation
Wheat -3.7 -1.5 -0.4 -3.5 -2.7
Rice B 5.9 3.9 -0.6 3.4 -0.4
Rice | -- 5.9 -1.6 1.9 -0.9
Cotton -18.3 -2.5 1.7 -1.2 0.8
Sugarcane 1.5 0.1 -0.6 0.0 -0.2
Maize 3.5 -0.2 -0.1 -0.3 0.0
Potato 5.8 0.0 0.7 0.6 1.1
Other -- -2.5 3.4 0.5 4.8

Net Effect 3.24 2.952 1.37 2.60
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CGE-W Simulations changing prices of rice
ﬁﬁ Across Water, Energy, Food
and potatoes

Elasticities based on Growth rates*, 2014-2030

Low High Low High

Rice Rice Potato Potato
Wheat 0.56 -0.01 0.26 0.57
Basmati Rice* -1.00 1.00 1.00 -0.93
IRRI Rice -0.01 -1.28
Sugarcane 0.00 -1.18 -0.06 0.15
Maize 0.67 -0.93 0.13 1.25
Potato 0.49 -0.31 -1.00 1.00

Other 0.45 -0.58 0.12 0.46




Results from Sugarcane and Rice Reduction Paper

NEXUS Gains:
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Combined SC Rice Diff. F_ertil- Diff. Scaled lefirenc

Crop SC and Rice Cotton- (Col. 3- izer (Col.4—- Basedon (Col.5—
303030 2) (35%) 2) CWR 2)
Wheat 12.6 12.8 0.2 12.4 -0.2 14.7 2.1
Rice 12.4 14.1 1.6 14.2 1.8 13.7 1.3
Cotton 16.5 10.2 -6.3 11.8 -4.7 11.9 -4.6
Sugarcane 8.3 9.6 1.4 9.0 0.8 7.1 -1.2
Maize 0.8 0.8 0.0 0.8 0.0 0.9 0.1
Other crops 7.9 8.2 0.3 8.2 0.3 7.7 -0.2
Vegetables 5.7 6.5 0.8 6.3 0.6 6.6 0.9
Fruit 6.0 6.8 0.8 6.7 0.7 6.8 0.8
Total 70.1* 68.9 -1.2 69.5 -0.7 69.4 -0.7

*This scenario yields a reduction of 3.15 MAF relative to the Base
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Crop Water Use Changes with Taxes on Both Y|

Realizing Multlple Benefits

Sugarcane and Rice, without Climate Change T il

Crop Water Use Changes without Climate

Change
Crop Water Use Changes, with Climate Change
4 4
3 3
2 2
! 1
<0 N | l
) Wh C S Oth £0 — = -
-1 eat e otton ane ther = Wheat I . Cotton lne ir
2 -1
-3 -2
-4 _3
B Punjab ®mSindh mOP -4

B Punjab mSindh mOP
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Decision Support Tool for Policy Making & [wiin ™

Team developed an interactive dashboard that will allow users to
explore model outputs.

The dashboard will facilitate user-friendly access to complex
simulation results, aiding decision-makers in their planning .



& (O () https://hedss-iwmi.vercel.app/dashboard/home 2 B QO w

WA 222 HYDRO-ECONOMIC DECISION SUPPORT SYSTEM + 0

[ HEDSS-IWMI ] Hydro-economic Decision Support System

™ | This dashboard provides insights into the Water-Energy-Food-Environment (WEFE) Nexus in Pakistan. Explore different policy
@ Home | scenarios and their impacts on resources.

I Modules ¥ | Ol “ ) R source Utilization

* Visualize trends over time and across prov
® Gain insights into land resource managem:
* Analyze water resource allocation.
* Evaluate labor productivity and cro

, Land Resource
Management

Water Resources
Management

Labor and Resource C ol
Productivity ecisio o ER
o ' ' |
1 ' '
] )
w Crop-Specific S Noxus cains [ . | 50 SR
Strategies N decrtro o |

‘a Population Dynamics

(= Logout
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Reporting Structure

What are two or three main policy and investment options government, or other stakeholders
should consider as approaches to encourage performance in the area you're considering.

What simulation results would be helpful to make arguments about which of these policies
would be most effective?

What do you suppose policymakers’ concerns would be basing their decisions on model
outcomes?

What could be the limiting factors that keep policymakers from implementing the
simulations/ and conclusions from simulations results
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| Thank You!
y
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