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Urban land cover representation in CLMU

» Default 3-class scheme
« Tall building district (TBD)
 High density (HD)
* Medium density (MD)

Based on LandScan
urban population data

TBD only accounts for 0.08% global urban areas, HD and MD for 19.78% and 80.14%, respectively.

Parameters for HD and MD have relatively small differences.



Urban land cover representation based on Local
Climate Zone (LCZ)

LCZ1 LCZ2 LCZ3

» Local climate zone (10-class)

.# W « Compact highrise (LCZ1)
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s wem ez » Open highrise (LCZ4)

* Open midrise (LCZ5),

* Open lowrise (LCZ6)
 Lightweight lowrise (LCZ7)

* Large lowrise (LCZ8)
. Sparsely built (LCZ9)
orms « Heavy industry (LCZ10)




Why Local Climate Zone (LCZ)?

Better resolving urban Useful for supporting urban

Consistent global urban database

morphological diversity planning community
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Incorperating LCZs for numerical simulations

Li et al., 2023
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Li et al. (2023) Modeling urban heat islands and thermal comfort during a heat wave event in East China with CLM5 incorporating

local climate zones. Journal of Geophysical Research: Atmospheres. 128(16):e2023JD038883. S



Incorperating LCZs in CTSM
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Fig. CLM representation hierarchy.



Incorperating LCZs in CTSM
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Incorperating LCZs in CTSM

I
‘ Model setup | Model initialization ‘ Computation

PP use lcz =.false. f— numurbl=3 f— f—
'.‘ > - 7T
() F90 AERR

Model users F30 F30 ‘\",'
clm_varctl Landunit_varcon UrbanParamsType CESM
Jackson's datasetT
L andScan 2004 S
Land cover parameter Thermal parameter e
percent of urban fractions i thermal conductivity, heat capacny;
e S Radiative parameter
. Morphological parameter surface albedo, emissivity
: surface fraction, building height,
gcanyon height/width ratio, surface Indoor parameter
: thickness temperature threshold

Fig. Workflow of ‘use_lcz’



Incorperating LCZs in CTSM

|
Model initialization ‘
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Two existing LCZ urban parameter tables

Table 1 WRF /run f URBPARM_LCZ.TBL O

Input Parameter Values of Each Urban LCZ for the CLM5-LCZs (Referring to Stewart et al. (2014) and Zonato

et al. (2020))

Local climate zones (LCZs)

u cenlinhe Update urban LCZ parameter table with more reasonable values (#1969) am

6156078 - last year (L) History

1 2 3 4 5 6 7 8 9 10
Land cover | Code | Blame | 647 Lines (475 loc) - 15.8 KB - (0) 8 raw O & £ -~ [
o 0.50 0.50 0.55 0.30 0.30 0.30 0.75 0.40 0.15 0.25 1 # The parameters in this table may vary greatly Trom city to city.
7 0.45 0.40 0.30 0.35 0.40 0.40 0.10 0.45 0.15 0.30 2 # The default wvalues are probably not appropriate for any given city.
3 # Users should adapt these values based on the city they are working
Iz 0.05 0.10 0.15 0.35 0.30 0.30 0.15 0.15 0.70 0.45 4 AR 8 -
Morphological 5
H 37.5 17.5 6.5 30.0 17.5 6.5 3.0 6.5 6.5 10.0 & # Urban Parameters depending on Urban type
7 # USG5
HW %5 1.25 1525 1.0 0.5 0.5 i3 0.2 0.15 0185 a
Az, 0.3 0.3 0.2 0.3 0.25 0.15 0.1 0.12 0.15 0.05 9 Number of urban categories: 11
i 1]
Az, 0.3 0.25 0.25 0.2 0.2 0.2 0.1 0.2 0.2 0.05 1 "
Radiative 12 # Wwhere there are multiple columns of values, the values refer, im
a 0.23 0.28 0.25 0.23 0.23 0.23 0.55 0.28 0.23 0.20 13 # order, to: 1) Commercial, 2) High intensity residential, and 3) Low
14 # intensity residential: IL.e.:
e 0.35 0.30 0.30 0.35 0.35 0.35 0.55 0.35 0.35 0.30 15 #
o 0.14 0.14 0.14 0.14 0.14 0.14 0.18 0.14 0.14 0.14 15 # Index: 1 2 3 4 5 i 7 B
. 0.22 022 022 022 022 0.22 0.22 0.22 0.22 022 17 # Type: Comp High-Rise, Comp Mid-Rise, Comp Low-Rise, Op H-Rise, Op M-Rise, Op L-Rise, Lightweight L-Rise, Large L-Rise
D 4 E A £ : i i} & 4 4 i
& 0.91 0.91 0.91 091 091 0.91 0.88 0.91 0.91 091 19 »
F 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 28 # ZR: Roof level (building height) [ m ]
21 # {sf_urbs hysics=1)
& 0.91 0.91 0.91 091 0.91 091 088 091 091 091 3 e
£y 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 23 ZR: 37.5, 17.5, 6.5, 37.5, 17.5, 6.5, 3., 6.5, 6.5, 18., 18.
Thermal 24
25 #
Ar 1.70 170 109 1.25 1.70 1.09 0.50 1.07 109 2.00 26 # SIGMA_ZED: Standard Deviation of roof height [ m ]
Aw 127 2.60 1.66 1.45 1.88 1.66 0.18 1.07 1.66 1.42 27 # (sf_urban_physics=1)
28 R
A 0.78 0.78 0.78 0.78 0.78 0.78 0.78 0.78 078 078 e LI TN (left) Lj et al. 2023
€ 1.32 1532 1.32 1.80 1.32 1.32 2.00 2l 1732 2.00 kT ’
cl 1.54 1.54 1.54 2.00 1.54 1.54 2.00 2.11 154 159 a1 : (nght) WRF
32 # ROOF_WIDTH: Roof {i.e., building) width [ m ]
¢ 1.85 1.85 1.85 1.85 1.85 1.85 1.85 1.85 185 185 i P S
33 # {sf_urban_physicss1)
Tibmax 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 34
T 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 35 ROOF_WIDTH: 22.2, 22., 9.6, 42.86, 26.25, 13., 25., 28.9, 43.33, 23.8, 5.




Two existing LCZ urban parameter tables
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et al. (2020))
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1 2 3 4 5 6 7 8 9 10
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5 0.14 0.14 0.14 0.14 0.14 0.14 0.18 0.14 0.14 0.14 16 # Index: 1 2 3 4 5 i 7 B
. 0.22 022 022 0.22 022 0.22 0.22 0.22 0.22 022 17 # Type: Comp High-Rise, Comp Mid-Rise, Comp Low-Rise, Op H-Rise, Op M-Rise, Op L-Bji Ligftweight L-Rise, Large L-Rise
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Model validation using Urban-PLUMBER
atmosphere forcrng and urban parameters

75°NT - '
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- tower sites
with different
background
25°N .
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Lipson et al. (2024) Evaluation of 30 urban land surface models in the Urban-PLUMBER project:

Phase 1 results. Quarterly Journal

of the Royal Meteorological Society.150(758):126-69.
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WRF_LCZ, LI_LCZ, and
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Fig. Urban flux variables at Urban-PLUMBER sites.



Discussion

Computation cost

More than twice costing but
worthwhile for fine scale
simulation

Urban extent changes

Interannal LCZ maps to
represent urban extent changes

Urban parameter uncertainty

Develope more localized urban
parameters rather than using a
look up table




Discussion

Computation cost

More than twice costing but
worthwhile for fine scale
simulation

Urban extent changes

Interannal LCZ maps to
represent urban extent changes

Urban parameter uncertainty

Develope more localized urban
parameters rather than using a
look up table

After realizing the functionality and validating the
modeling capacity with LCZs in single-point

simulations, future works include input development

and regional and global simulations.
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LCZ thermal parameters reduce day-night
difference in Qh compared to the default.

LCZ-based A Qh is closer to observations at some sites but not at others.
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Fig. Diurnal mean sensible heat flux (Qh). Texts in plots denotes day-night difference in Qh (A Qh).

CESM_LCZ: 5%-95% range




Model sensitivity to LCZ urban parameters
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Summary

* We developed a modular approach for implementing an LCZ-
based urban land cover representation in CESM.

* Simulations at 20 flux tower sites showed the effectiveness of
urban climate modeling using the LCZ scheme.

 Future works will focus on devloping LCZ-based global inputs
for coupled simulations.
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