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CLM5 as a land surface model

\ Global land surface model, land component
part of CESM

V' Land cover: forests, crops, wetlands, lakes,
urban areas; Land cover adapted to CLM
Plant Functional Types (PFTs)
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CLM5S as atand-surfaee an impact model

Biogeochemical cycles CLM5.0

Photosynthesis

i Surface energy fluxes Hydrology

BVOCs

urban areas; Land cover adapted to CLM
Plant Functional Types (PFTs)

\ Simulates energy, water, carbon, and
nitrogen cycles

' Produces self-consistent outputs across
sectors (water, carbon, energy, nutrients)

m @ \SVS/ESTT\\A’%EJTCUMATE greta.shum@vub.b Lawrence et al. 2019 3



CLM5 as an cross-sectoral impact model

V' Agriculture ¢ crop growth and phenology, irrigation demand, fertilizer application, nitrogen cycling, limitation;
management practices (e.g. planting/harvest dates)

Biomes ¢ ecosystem carbon, nitrogen, phosphorus cyclin?,_GPP, respiration, litterfall, plant-soil nutrient
fluxes, canopy interception, stomatal closure, water use efticiency

Groundwater ¢ soil column (up to 8.5 m, 25 layers), infiltration, surface and sub-surface runoff, gradient
diffusion, gravity, and canopy transpiration through root extraction

Global Water ¢ terrestrial water storage, snow accumulation and melt, canopy interception, infiltration, surface
and subsurface runoff, river routing, evapotranspiration (from canopy to ground ice)

Fire (+ Peat) € non-peat fires outside cropland and tropical closed forests, agricultural fires in cropland,
deforestation fires in the tropical closed forests, and peat fires; BA is affected by climate and weather
conditions, vegetation composition and structure, and human activities

Permafrost ¢ freeze/thaw cycles and active layer depth, explicitly simulates thermal and hydrological effects of
soil freezing and thawing, as well as the effects of organic matter on soil insulation

Global Lakes ¢ lake energy balance, water temperature, ice cover, lake hydrology (inflow/outflow), and
coupling with river networks
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CLM5 as an cross-sectoral impact model

V' Agriculture ¢ crop growth and phenology, irrigation demand, fertilizer application, nitrogen cycling, limitation;
management practices (e.g. planting/harvest dates)

Biomes ¢ ecosystem carbon, nitrogen, phosphorus cyclin?,_GPP, respiration, litterfall, plant-soil nutrient
fluxes, canopy interception, stomatal closure, water use efticiency

Groundwater ¢ soil column (up to 8.5 m, 25 layers), infiltration, surface and sub-surface runoff, gradient
diffusion, gravity, and canopy transpiration through root extraction

Global Water ¢ terrestrial water storage, snow accumulation and melt, canopy interception, infiltration, surface
and subsurface runoff, river routing, evapotranspiration (from canopy to ground ice)

Fire (+ Peat) € non-peat fires outside cropland and tropical closed forests, agricultural fires in cropland,
deforestation fires in the tropical closed forests, and peat fires; BA is affected by climate and weather
conditions, vegetation composition and structure, and human activities

Permafrost ¢ freeze/thaw cycles and active layer depth, explicitly simulates thermal and hydrological effects of
soil freezing and thawing, as well as the effects of organic matter on soil insulation

Global Lakes ¢ lake energy balance, water temperature, ice cover, lake hydrology (inflow/outflow), and
coupling with river networks

Labour/Health € (sub-daily) calculation of Wet Bulb Globe Temperature and other operational
worll()place heat stress metrics from temperature, humidity, and radiation in all land grid cells (urban +
rura

|

|

|

|

|

- |

|

m /:}))‘ DEPARTMENT ge]reta.shum@vub_b Lawrence et al., (2020) + sources within, Buzan 2024,



Emerging recognition of need to include metrics of humidity and solar
radiation in projections of heat stress (for health and labour impacts)

) | JOURNAL OF
J Appl Physiol 137: 312-328, 2024,
First published June 13, 2024; doi-10.1152/applphysiol 00613.2023 phvsmg‘“' APPLIED PHYSIOLOGY.
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Comparing the efficacy of different climate indices for prediction of labor loss,

body temperatures, and thermal perception in a wide variety of warm and hot
climates

George Havenith,! James W. Smallcombe,’? Simon Hodder,! © Ollie Jay,? and Josh Foster'?
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Global labor loss due to humid heat exposure
underestimated for outdoor workers
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Greatly enhanced risk to humans as a consequence of
empirically determined lower moist heat stress tolerance
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Humidity’s Role in Heat-Related Health Outcomes: A Heated Debate
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Implemented “online” sub-daily calculation of heat stress metrics
that include humidity and radiation

Wet Rulh Glohe Temperature

Wet Bulb Globe Temperature Above
Canopy

Wet Bulb Globe Temperature Below
Canopyv

Humidex

NWS Heat Index

Apparent Temperature

Wet Bulb Temperature

Discomfort Index

Temperature Humdity Index Comfort
Swamp Cooler Temperature 65% Eff

Swamp Cooler Temperature 80% Eff
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Implemented “online” sub-daily calculation of heat stress metrics
that include humidity and radiation

Wet Rulh Globhe Temnerature
Wet Bulb Globe Temperature Above Above
Canopv C
)] ano
Wet Bulb Globe Temperature Below Py
e X x
Humidex Grid Cell . .

NWS Heat Index

Bareground A Canopy
Apparent Temperature

2 meter 2 meter
Wet Bulb Temperature T.Q Ww LQw
Discomfort Index / *
Temperature Humdity Index Comfort ‘ Below
Swamp Cooler Temperature 65% Eff . Canopy
Swamp Cooler Temperature 80% Eff
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Simplified WBGT assumes direct sun exposure and
overestimates heat stress. Sayight 75" Percentil

Wet Rulh Globhe Temnerature

Wet Bulb Globe Temperature Above
Canopv

Wet Bulb Globe Temperature Below
Canopyv

Humidex

NWS Heat Index

Apparent Temperature

Wet Bulb Temperature

Discomfort Index

Temperature Humdity Index Comfort

Swamp Cooler Temperature 65% Eff

Swamp Cooler Temperature 80% Eff
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Added metrics illuminate climate impact on labour and health

economies

Wet Rulh Globhe Temnerature

Wet Bulb Globe Temperature Above
Canopv

Wet Bulb Globe Temperature Below
Canopyv

Humidex

NWS Heat Index

Apparent Temperature

Wet Bulb Temperature

Discomfort Index

Temperature Humdity Index Comfort
Swamp Cooler Temperature 65% Eff

Swamp Cooler Temperature 80% Eff
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Added metrics illuminate climate impact on labour and health
economies

Wet Rulb Globhe Temnerature e

Wet Bulb Globe Temperature Above

207,

Canopy 90
Wet Bulb Globe Temperature Below No cooling 0
Canopy %
-20
Humidex 70
NWS Heat Index € ; &
L Z 20/, d ‘
Apparent Temperature ow 3 s
fficien g° .
Wet Bulb Temperature etiicle .Cy 8
cooling =z {40
Discomfort Index o
Temperature Humdity Index Comfort ) ) >
High =, § |
Swamp Cooler Temperature 65% Eff efficiency o .
Swamp Cooler Temperature 80% Eff cooling - 110
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Experimental Setup and Workflow

Flemish Supercomputing System (VSC)
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Experimental Setup and Workflow

Flemish Supercomputing System (VSC)

Preprocessing

\ Disaggregate daily forcing
to 3-hourly

\ Convert land surface type to
CLM: 19 plant functional
types, 8 actively managed
crop types (rainfed and
irrigated)

" Add custom output variables
for sector-specific needs
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Experimental Setup and Workflow

Flemish Supercomputing System (VSC)

Preprocessing N Production .
\ Disaggregate daily forcing 181 confirmed variables
to 3-hourly across 10 sectors (49 at pft-
V' Convert land surface type to Ievel). _
CLM: 19 plant functional ' Biomes, agriculture,
types, 8 actively managed (peat), groundwater,
crop types (rainfed and lakes_global, fire,
irrigated) water_global, labour,
_ permafrost,
' Add custom ou_tput variables groundwater, labour,
for sector-specific needs (health)
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Experimental Setup and Workflow

Preprocessing

>

\ Disaggregate daily forcing
to 3-hourly

\ Convert land surface type to
CLM: 19 plant functional
types, 8 actively managed
crop types (rainfed and
irrigated)

" Add custom output variables
for sector-specific needs
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Flemish Supercomputing System (VSC)

Production

1 81 confirmed variables

across 10 sectors (49 at pft-

level)

\ Biomes, agriculture,
(peat), groundwater,
lakes global, fire,
water_global, labour,
permafrost,
groundwater, labouir,
(health)

Postprocessing

5
>

1 Obsclim run complete with
GSWP3-W5ES

' Raw output ~ 23 Tb
V' © 2.74 Pb + sens. expts.

15



Experimental Setup and Workflow

—— Flemish Supercomputing System (VSC)
Preprocessing Production Postprocessing
> > >
\ Disaggregate daily forcing \ 81 confirmed variables 1 Obsclim run complete with
to 3-hourly across 10 sectors (49 at pft- GSWP3-W5ES
' Raw output ~ 23 Tb
\ Convert land surface type to level) P
V' © 2.74 Pb + sens. expts.
CLM
a) Early obsclim b) Late obsclim c) Difference
gross primary production, (biomes sector) . . S — Io.ooow
0‘000152 0‘000152 0:00000 g
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Please reach
out if you have
variable Thank you!

requests!

greta.shum@vub.be




