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Overview

Alntroduction and context of why we need new models
AWhat is EartiEconomy modelling?

Alntroducing one Eartficconomy model: GTARVEST
AThree important methods points

AFive key results that have emerged

ATomorrow: Preview and discuss new research directions



Flying blind

BII CLIMATE CHANGE

AWe are currently flying blind in s
the Anthropocene

AWe have no adequate
navigational system to help LAND.SYSTEM
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development
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The Great Depression
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The past provides perspective
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before like the great depression

AEconomics built tools to navigate
out of the depression

ASystem of national accounts (SNA) -
responsible for GDP N

AComputable general equilibrium \
(CGE) models e |
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Economics created

navigational toolsthat
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Success of economics

AEconomics did phenomenally well at improving physical consumption
and the wellbeing that comes from that
AHuge poverty reductions in U.S. and worldwide

ABut success here raised new challengae®Econsumption instead of under
consumption)

AEconomics has a massive blind sptite economy is embedded in
the biosphere

AChallenges now are global, interconnected and based on common resources
(illustrated well by Covid).

AWe need a broader model. A mogeneralgeneralequilibrium.



D O u g h n Ut B Beyond the boundary

Boundary not quantified

Economics A
AKate Raworth (2017) book W foog

ACombined planetary
boundaries framework with
socioeconomic dimensions of
wellbeing.

AQuantified both the ceiling
and the floor
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Economics has an undue focus on GDP

AEconomics to date obsesses over GDP, a powerful indicator of a
O2dzy G NBE Q& LINPZ RdzO{j A 2 Y

AHas little meaning in terms of sustainability.

ABut, at least etymologically, economics is the study of our home,
which should include the Earth on which we live.

AThis is an old intuition: Classical economists held that labor, (produced)
capital, andand, were the basic inputs of the economy.
AMany approaches are extending GDP to fix this error

AComprehenswe wealth, inclusive GDP, GEP (gross ecgsystem product), and
YV So@ 38a0Sya 27F | OOzdzyua GKFdO Ay Of dzR
system of Environmental Economic Accounting (SEEA)



Sustainablility cannot consider Earth and the economy as separate.

VSSR Ay ESERMINGNER YR RSt Ay I o

A Prior focus was on how
humans impact the
environment.

A We need to understand
environment affects the

economy through
ecosystem services.

Human Impact

Economy Earth System:

Ecosystem Services



Why Is this so hard?
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A Tale of Two Disciplines

Economy

e.g., General Equilibrium

GOVEXP

Environment

e.g., Hydrological Routing
of Sediment Retention

d\(e‘-{‘oﬂ Nutrient/sediment load
W

retention

to reservoir
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Hard to combine

ADifferent, siloed disciplines

ADifferent assumptions (perfectly
rational utility maximizers vs. comple
iIndividuals)

ADifferent purposes (understand the
economy to make money vs.
understand the world for the benefit
of science)

ADifferent data (countrylevel statistics
vs. data from satellites)

AComputational complexity
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Linking models earth and
economy models

| have found It useful to refer to this type of work as Edftitonomy
modeling.

Helps to distinguish it from the (very) broad array of other models that
address global economic environmental issues.
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What Is Earth ( = A )
Economy modeling? 1 computable '
g iy General ‘e Households:
. « Sell products auilibrium - Buy products & Q)'%QG "FHETQACFRO &
AA global model that combines: i, Fms
1. Computable general equilibrium \ oS T 0 Qo Ayl "0miED
economics D, P
A General here means ALL markets, prices
countries, etc. can affect each other. Land Cover maps (300m) used in to calculate INVEST glob:
2. Very highresolution depiction of the g L s = <o

world

A Detailed enough to model specific
ecosystem services or specific land
owner decisions

3. Embedded ecosystem service
models

A The economy impacts ES and ES impact
the economy endogenously.

ADetailed enough to inform specific
decisions



Multi-sector
general
equilibrium

Context
among global
models

A EarthEconomy models
alm to push the frontier
(upwards and leftwards in
this plot) on both spatial
and economic detalil

A Country models have
pushed the furthest here

AEEM is quickly increasing
country inclusion towards
global coverage

A GTARNVEST aims to
Improve detail on both
dimensions

Economic and sectoral detail

No economy
or exogenous
scenarios
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Summary of GTARVEST



GTAHNVEST Integrates a detailed global model of the economy wi
spatiallyexplicit ecosystem services

Human Impact




Why link these two types of models?

B> %
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How do we get to
win-wins?

AAs | argued yesterday,
optimization of lanause, land
cover (LULC) maps shows
potential winwin changes

AOptimality does not saljow to
move from current landscape
(point 1) to something on the
efficiency frontier

Agriculture B Rural-Residential

246 B Managed Forestry | Conserved

uGB Policy

Expected Number of Species

235
ANeed to identifypoliciesnot
landscapes.
AThis is where Earth Economy 224
modeling aims. 0 > 01520

Billions of Dollars



INVEST and The Natural
Capital Project

INVEST

integrated valuation of
ecosystem services

and tradeoffs

APartnership of WWF, The Nature
Conservancy, Stanford University,
University of Minnesota and
Chinese Academy of sciences

AINnVEST is an opaource software
tool to estimate ~20 ecosystem
Services

A Spatiallyexplicit, highresolution,
processeebased production
functions, global extent



Science

Calculating
1 Global modeling of nature's contributions to people
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Carbon storage and timber ecosystem service provision
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Marine fisheries ecosystem service provision
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.. Total Catch Biomass (Kg/m2)
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Coastal protection ecosystem service provision
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Coastal vulnerability index
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Water yield ecosystem service provision
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Wild pollinator ecosystem service provision
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Global Trade Analysis Project (GTAP)

A GTAP was founded in 1992 ol
GTAP Consortium Members of our team members, Tom
Hertel
A Publicly funded with core
support from GTAP Consortiu
(33 members)
A International: World Bank,
Eh & ADB, IDB, OECD, UNECA
' UNESCWA, UNCTAD, WT
IFPRI, FAO, IFPRI, EU
Commission, etc.

A National: Canada, Japan,
Germany, Netherlands, UK
United States, China

A 17,000+ members from 174
countries

............. DRC




GTAP

Global Trade
Analysis Project

AGTAP has two distinct components:

GTAP database

A Standardized, harmonized,
curated and comparable
database of key economic
indicators.

A 141 regions, 57 sectors, four
years (n v.11): 2004, 2007, 2011,
2014, 2017

GTAP computable general
equilibrium (CGE) model




Preview: To link these models, three advances were neces

Advance 2Spatial Economic
& Allocation Landscape
Simulator. Downscales land

SEALS use change..

Human Impact

Advance 1Endogenizing the s Advance 3Expression
expansion of cropland, of changed ES as shoc
pasture, managed forests . N KT to the economy

into natural lands.



Model linkage in the GTARVEST model
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GTAP-AEZ SEALS INnVEST GTAP-AEZ
Run 1: Calibrated LULC Ecosystem Service Run 2:
Economic change prediction production function Environmental
projections model estimation Feedback Impacts

1. First GTAP run projectesonomic growth and endogenously calculates tasd

change
2. Downscale endogenous change to 300m globally with the Spatial Economic
Allocation Landscape Simulator (SEALS)
Calculate ecosystem service results with INVEST
Second run of GTAP calculates impact of changed ecosystem services on economic

performance

> W
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Three quick methods points



Research task 1: Endogenizing
land-use change

Determine how agriculture, pasture and plantation forests expand into natural
areas with endogenous allocation among sectors and versus yield increases.

30



GTAP extensions

AGTAP by default only includes the monetary value of land as an input
to production

AGTAPAEZ (Agroecological Zone) is a frequently used extension that
Improves representation of land.
ALand is now in physical (hectarage) terms rather than just as value

AHowever, GTAREZ only considers how different sectors compete for
a fixed amount of land.
AThis rules out expansion of cultivated land.

AWe created a new version of GFAPZ that adds expansion into
natural areas



Calculate endogenous lainde change at the
regional level

ABase on langupply curves calibrated for each AEZ
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Run 1: '| calibrated LULC Ecosystem Service Run 2:
Economic change prediction production function Environmental
projections model estimation Feedback Impacts




AThe 18 AEZs (showi
In different colors) -
are combined with
the 37 aggregated
GTAP regions (black
boundaries)

ACreates 337 unique
AEZRegion zones

AThis version of GTAP
AEZ increases the
regional specificity

P ROPICAL EEER
over the original (see* O

Agro-ecological zones (AEZ)

Baldosand Corong —
: BOREAL EEHE
2021 for detalls)

period

Note: The 18 agro-ecological zones are detfined in Hertel et al. (2019). The
GTAP country units cover 226 countries and territories, including Sub-
Saharan Africa (44), Rest of South Asia (5), Rest of Southeast Asia (7),
Central America (32), South America (11), Central Asia (21), Middle East and
North Africa (17), Other Europe (4), Rest of East Asia (3), Oceania (24), and
the European Union (29). The 226 countries and territories are aggregated
to the 37 regions. When overlaid on the agro-ecological zones, this produced
the 341 unique AEZ-Region zones shown above. In the figure, each agro-
ecological zone is represented with a unique color.



Endogenized lanrdse change via

land-supply curves

AFor each region, we ()

calibrated a land
supply curve

ABringing more land
Into the economy
requires a higher
price, rising
asymptotically with
the limit

T()t.i’i d Mol E'i"-."'f:'lili‘il:] e
(hectares)

A

Land rental rate

(USD per hectare)

Prevailing rental rate
(resulting from demand and supply)

Natural land area
converted (hectares)

A Shape of the curve determined
by highres suitability data.

A Unique for each AEZ.



Shape of Land Supply Curve based on soil, topographteidanddjacency, and
cultivation constraints (e.g. salinity) present in eachRégfon

Warm colors:
least arable

Land Supply Curve

50

Cool colors:
most arable
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Necessary to calculate opportunity cost of
protecting land

- Otdal Iand ?:]"-.-"?iilff[] e l‘\(?"\"“f“ LOTa [3: dnao
APrOtECtlng |and (A) h (hectares) (B) available :f_C-'\_
(removing it from A A
" " Land rental rate
economic use) shifts | ferere == {=

the asymptote left

A Drives up the price
and reduces land

conversion New rental rate
(resulting from lower land
availability
Acrltlcal Prevailing rental rate
methOdOlOQ'CaI (resulting from demand and supply)

point: this means
that removing land

from production Is _ |,
y 2 U a -'F NB S € Natural land area

converted (hectares)



Research task 2: Downscale kand
use change



After GTAFAEZ runs for the first step, we
have pefregion landuse change

AEven with 341 regions, this is still very coarse compared to the
resolution we need for ecosystem service calculation

AThus, we have to downscale these regional projections oflesad
change to a highhesolution landuse, landcover map
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GTAP-AEZ SEALS INVEST GTAP-AEZ
Run 1: Calibrated LULC ' Ecosystem Service Run 2:
Economic change prediction production function Environmental
projections model estimation Feedback Impacts




Need to be able to downscales while also implementing spagxibjicit conservation actions

Cropland rainfed

Cropland rainfed - Herbaceous cover

Cropland rainfed - Tree or shrub cover
B new Cropland

i New riparian vegetatlon
Cropland irrigated st-floodi - 1
Mroospa?cncrlor[;:gsde[;Srﬂg{?] ! noaiu:;?vegetation (tree/shrub/herbaceous cover) (<50%) I,.j .-.'*- ] - .'." to fl Iter n Utrlents
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SEALS methods

Calibration of SEALS to observed LULC changes Assessment of prediction quality-of-fit for 1 LULC class

a) Baseline

a) Class 2 observed vs projected expansions

Observed and projected

Only projected

Only observed

\

c) Projected future

Baseline

b) Coarse change and difference score

Net hectare change
¢ o

; il 3000
* 2000
1000

d) Difference .

. o -1000

E—

\! A -3000
-




Key component in these regressions Is the adjacenc
2ZN) aySATIKOoOZ2NK2Z2ZR STT+SO0U

AGridded data preserve

Spatlal StrUCtu re A. Example idimensional B. Expression in-2and 3
A Nearby cells are highly adjacency relationships dimensions
correlated

eighborhood
ntral point

A The actual pattern may be
a good predictor

ACan use 2limensional
convolutions to express
this structure

A Elg identify what is the
relationship between two
variables as their distance
Increases via a flexible

parametric form

Strength of n
effect on ce

Effect size

Distance between gridellswand w

41



Behind the curtains

AFor each of 30+ correlates, rank each gedl based
on Its suitability given some Initial parameters

AAllocate each landise transition based on these
rankings.

ACalculate how similar this new landscape is to the
observed landscape.

AAdjust parameters and search for the parameters that
minimize the difference.



