
Dr. Francisco Estrada 
Institute for Atmospheric Sciences and Climate Change, UNAM
Institute for Environmental Studies, VU Amsterdam



Institute for Atmospheric Sciences and Climate change, UNAM
Institute for Environmental Studies, VU Amsterdam
Climate Change Research Program, UNAM





Comprehensive and 
flexible model

Transform data into 
actionable information to 
support decision-making

Equipped to 
emulate/incorporate 
process-based models and 
other climate-economy 
IAMs

Expands economic 
IAMs used for climate 
change assessments
Spatial resolution for better 
representation of exposure, 
sensitivity, hazard and risk

Improved, updated and 
extended damage functions

Local climate change and 
impacts (UHI in cities)
Uni- and multivariate 
dynamic risk measures to 
give a more complete 
picture of the problem

Uncertainty and risk 
perspective

Explore uncertainty in 
socioeconomic scenarios

Probabilistic climate 
scenarios

Contrasting damage 
functions

Communicating risk

Tailor-made 
assessments

User defined risk measures, 
climate and impact metrics, 
and emissions scenarios





Spatially explicit. 
• Quantifications of exposure, hazard, vulnerability and impacts, and user-defined risk indices in a global grid of 

0.5ºx0.5º.

Comprehensive damage functions. 
• Variety of damage functions that incorporate aspects such as local climate change in cities, the persistence of 

economic impacts, and catastrophic climate change. It has a unique upscaling/downscaling approach.

Urban heat island (UHI) effect. 
• CLIMRISK is the only IAM that simulates the local warming produced by the UHI and that includes urban-

specific damage functions. 

Probabilistic global and regional climate projections. 
• Emulates 37 Earth System Models included in CMIP6 for producing probabilistic regional changes in climate at 

annual and monthly frequencies.

Socioeconomic scenarios. 
• Spatially explicit population and GDP scenarios for five Shared Socioeconomic Pathways (SSP) and three 

modeling centers.

Integration with process-based IAMs
• Integration with GCAM and is possible with other IAMs

Uni- and multivariate risk indices and identification of hotspots. 
• User-specified risk indices based on probabilities and dates for exceedance of climatic and economic 

thresholds. 



SSP spatially explicit scenarios (0.5ºx0.5º)

SSP 

regional 
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emissions
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Global climate projections

MAGICC6

Concentrations
Radiative

forcing
Climate

response

Socioeconomic module

Climate module

Climate sensitivity
AR6 (triangular 

distribution)

Regional climate scenario generation
Library of 37 GCM scaling patterns CMIP6

for temperature and precipitation 

Probabilistic global 
temperature scenarios

Selection of GCM
(uniform distribution)

Probabilisitic regional 
temperature scenarios (0.5ºx0.5º)

Probabilisitic regional 
precipitation scenarios (0.5ºx0.5º)

Identification

of urban areas

and population

Urban warming 
estimates

Temperature scenarios 
for urban areas

Tmean, Tmin, Tmax, Prec, WBGT, UHImean, UHImin, UHImax
Monthly, annual



Reducción de escala de escenarios 
socioeconómicos

Para narrativas divergentes (diferentes SSPs)

Para variaciones sobre la misma 
narrativa (mismo SSP)







Joint impacts of global and local 

climate change

1,692 large cities 

around the world

+50% world 

population lives 

in urban areas

80% of global 

GDP is produced 

in cities

Convergence of 

socioenvironmental 

issues

• A sizable proportion of the population is 

experiencing much greater warming

• Economic impacts are at least 2.6 times those 

previously calculated (global climate change)



Global, regional, local damage functions
A down/up-scaling approach



Global damage functions

Kompas et al.* (K)
Kalkuhl Wenz (KW panel, KWCS cross-sectional)*
Howard and Sterner (PNC)
Estrada et al. (P, persistence) 
DICE2016 (d)
RICE2010* (R)

Catastrophic 

Howard and Sterner (PC, PCP)
Weitzman (w)

K, KW, KWCS, d,R
KU, KWU, RU, RUd, Ruw
RP, RPU
Rd, RPd, RUd, RPUd
Rw, RPw, RUw, RPUw

Regional damage functions

Kompas et al. (K; 173 countries)
Kalkuhl Wenz (panel, cross-sectional)
RICE2010 (R; 13 regions)

K, KU, KW, KWCS, KWU
Rd, Rw, RP, RPU, RPd, Rud, RPUd RPw, RUw
RPUw

Local damage functions

Kompas et al. (K; 60,000+ local DF)
Kalkuhl Wenz (panel, cross-sectional)
Estrada et al. (U; urban)

K, KU, KWU, RU,RPU
RUd, RPUd, RUw, RPUw



Preferred non-catastrophic (PNC)

Preferred total inc. catastrophic (PC)

Preferred total plus productivity (PCP)



-Kalkuhl & Wenz
KWCS*, KW*
-Kompas et al.
K*
-CLIMRISK 
RP*

-Nordhaus 
(RICE, DICE)

-CLIMRISK
RPU*

-CLIMRISK
RPUw*

-CLIMRISK 
RU*

-CLIMRISK 
KU*, RPw*



Temporal variability and spatial variation

Estrada F., Tol R.S.J., Botzen W.J.W. 2024.Economic consequences of the spatial variation and temporal 

variability of climate change (submitted)

Under a high emissions scenario, losses are underestimated by 23-36%, representing US$1,900-US$3,000 billion by 
2050 and US$24-US$38 trillion by the end of the century. 
The present value of losses over this century exceeds previous estimates by US$57-US$89 trillion, representing 56-88% 
of 2020 global GDP. 







Present value of economic losses as % current GDP

Discount rate=1.5%

World, NGFS current policies

Scenario K KWU 

CP 1.19 

[0.71, 1.7] 

10.7 

[7.52, 15.43] 

B2 0.81 

[0.48, 1.12] 

8.91 

[6.28, 12.41] 

AL 0.38 

[0.23, 0.58] 

1.79 

[1.24, 3.02] 

 

Mexico, NGFS Current policies; Below 2ºC
Exploring different configurations of damage 
functions (units of MX GDP 20204)

Estrada F., et al. 2024. Assessing the physical risks of climate change for the financial 

sector: a case study from Mexico’s Central Bank. Submitted



Relative present value of economic
losses and social cost of carbon

 
KU RU RPU 

SCC $229 
[$166, $303] 

$118 
[$75, $169] 

$488 
[$316,$693] 

 

Social Cost of Carbon Current Policies 
$US per tCO2

Estrada F., et al. 2024. Assessing the physical risks of climate change for the financial 

sector: a case study from Mexico’s Central Bank. Submitted
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Costo social 
del CO2

https://medioambiente.nexos.com.mx/el-costo-ambiental-de-dos-bocas/



When would we start “feeling” the climate
change impacts on the economy?
• ToEI: Identifies the initial moment when the climate change impact signal 

exceeds a previously defined threshold of past economic output shocks in 
a given geographic area.
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Cost of postponing mitigation for an additional
year

Estrada F., Botzen W.J.W. 2024. The societal costs of financing economic growth through greenhouse gas 

emissions. (submitted)



Risk module

Sectoral module
Sectoral impacts module:
- Xanthos hydorological model
- CLIMRISK-River (flooding)
- AIRCCA v.2 (agriculture)
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Integration of GCAM-CLIMRISK-Xanthos hydrological
model (Pacific Northwest National Laboratory)

Historical and future estimates of regional and global water availability, water 
stress, potential evapotranspiration, runoff generation, and stream routing.

Complements water demand 
information for:

• assessing water stress and 
water availability for 
transition

• improving estimates of 
impacts on 
agriculture/power 
generation/industrial 
activities due to water 
scarcity/excess



Agricultural crop model emulators
Percentage change in rainfed maize yields (2066-2099) RCP8.5

Estrada F., Botzen W.J.W., Calderón-Bustamante O., 2020. The Assessment of Impacts 
and Risks of Climate Change on Agriculture (AIRCCA) model: A tool for a rapid global risk 
assessment for crop yields at a spatially explicit scale. Spatial Economic Analysis.

9 crops, irrigated/rainfed, CO2 fertilization
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Thank you for your attention

feporrua@atmosfera.unam.mx



Experiencia internacional en el uso del 
modelo ClimRisk



European Union’s Horizon 2020 research and 
innovation programme
14 European organizations





Socio-Political Fund Research Planning Workshop 2024

Assessing the economic risks and benefits for Latin America of an implementation of
SRM options as a response to international climate policy failure
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• Estrada F., et al. 2024. Assessing the physical risks of climate change for the financial sector: a case study from Mexico’s Central Bank. Submitted Ecological Economics.
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impacts and risks of climate change: A case study of rainfed maize production in Mexico. Front. Environ. Sci. 11, https://doi.org/10.3389/fenvs.2023.1027545
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scenarios and risk measures. Environmental Modelling & Software, 157, 105528.
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Modelling and Software, 69:155-165.

• Estrada F. & Tol R.S.J., 2015. Towards Impact Functions for Stochastic Climate Change. Climate Change Economics 06, 1550015 DOI: 10.1142/S2010007815500153
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