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Community Land Model Urban

Oleson	et	al.	2008,	2010;	Oleson	and	Feddema 2019
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Jackson	et	al.	2010;	Oleson	and	Feddema 2019

33 Global Regions

Urban Extent - Landscan 2004 
Urban Properties – Compilation of 
building databases for three density types
Morphological

• Building Height
• H/W ratio
• Pervious fraction
• Roof fraction

Radiative – Roof/Wall/Road
• Albedo
• Emissivity

Thermal – Roof/Wall/Road
•Conductivity
•Heat Capacity

Interior temperature settings (HAC)

To CLMU

Global Urban Characteristics Dataset



CLMU-CESM is a powerful tool to study urban climates, 
especially on large scales 

Urban heat islands

Zhao et al., Nature 2014 Zhao et al., ERL 2018



Climate adaptation & mitigation Climate impacts



Urban climate projections and uncertainty 

Zhao et al., Nat. Clim. Change 2021 Zheng et al., Nat. Comm. 2021



Implementing LCZs to CLMU: a case study



Implement of  Local Climate Zones in CLM5: A Case Study 

(CLM5-LCZs)

Congyuan Li & Ning Zhang

School of Atmospheric Sciences, Nanjing University



Replace current urban density classes with LCZs classification



ü Modify corresponding modules within CLM5
ü Update initial conditions within CLM5
ü Resample LCZs map for surface dataset
ü Create input parameter table for each urban LCZ



Modify corresponding modules within CLM5

CESM Source Code
Location:  ~/cesm/CESM2-release-2.2.0 (e.g.)

components cime

cam 
(atmosphere)

clm
(land)

cism
(land ice)

Scripts
(1) create_newcase

CASE Directory
Location:  ~/$CASE
(2) case.setup
(3) case.build
(4) case.submit

Buildconf

CaseDocs

SourceMods

src.clm

src.datm

src.drv
Modify here affect 
all cases 

Modify here affect 
current case only

Two ways to modify codes 



Modify corresponding modules within CLM5

(e.g., The modification for subgridMod.F90)

1) Copy the corresponding module
from the CESM Source Code
into a new directory and modify
it.

2) Copy this directory in current
case, then submit the case.



Update initial conditions within CLM5

(Location: ~/cesm/inputdata/lnd/clm2/initdata_map)

clmi.I2000Clm50BgcCrop.2011-01-01.1.9x2.5_gx1v7_gl4_simyr2000_LCZs.nc

ü Making a new initial file for CLM5-LCZs

(1) Changing the numbering of landunits, columns and PFTs

(2) Adding some initial parameter values for urban LCZs

• Expand landunits with 10 urban LCZs within current global initial conditions

• Adding 10*5 columns with 10 urban LCZs, each LCZ consists of 5 urban 
subsurface (roof, sunlit\shaded wall, impervious/pervious road)

• Adding 10*5 PFTs



Resample LCZs map to create surface dataset

ü LCZs map based on the WUDAPT method  

(LCZs map)

(Ching et al., 2018@BAMS,
Bechtel et al., 2019@ Urban Climate)

ü Input surface dataset created by LCZs map 
(~100m) and MODIS land-use data (~500m)

(Surface data (0.1°) utilized in CLM5-LCZs)



Create input parameter values for each urban LCZs

ü Appropriate input parameters needed 
to represent urban LCZs forms

（urban LCZs parameters）

ü Creating surface dataset comprising 
these parameters 

(Stewart and Oke, 2012@BAMS 
Stewart et al., 2014@I.JC,)

Location: 
~/cesm/inputdata/lnd/clm2/surfdata_map/surfdata_${
GRIDNAME}_hist_78pfts_CMIP6_simyr2000_LCZs.nc

~/cesm/inputdata/lnd/clm2/urbandata/CLM50_tbuildm
ax_Oleson_2016_0.9x1.25_simyr1849-2106_LCZs.nc



Urban parameterization!modified CLMU5
Simulation period! 2013
Simulation domain! Nanjing

Model! CESM – CLM5.0

Data
Forcing data!observation obtained from tower measurement
Observed 2-m temperature! Automatic weather stations
Land-use data:  LCZs map+MODIS

!Flux measurement site in Nanjing"
!32.0301"N#118.7916"E$

(Automatic stations in Nanjing"

Evaluation of CLM5-LCZs with Nanjing Observations

 

CLM5 – 10扵瘫莠 LCZs 
閡皪 

1 2 3 4 5 6 7 8 9 10 

郤巈
忌⻂ 0.095 0.388 0.051 0.122 0.122 0.02 0 0.003 0 0.031 0.167 

 

Area 
Fraction



Evaluation of CLM5-LCZs with Nanjing Observations

Case Forcing data Surface data Domain
1 observation MODIS (3 urban classes ) Nanjing-single
2 observation LCZs (10 urban classes) Nanjing-single
3 CMFD MODIS (3 urban classes ) Nanjing-regional

CMFD (3-hr, 0.1 degree)
Yang, K., He, J. (2019). China meteorological forcing dataset (1979-2018). National Tibetan Plateau Data Center



Evaluation of CLM5-LCZs with Nanjing Observations

Comparison with 36 automatic meteorological stations in Nanjing City (July and August, 2013)
(results from 1km-resolution regional run forced by CMFD

Daytime                             Night                               Daily



Looking forward: 
global scale implementation of LCZs

– Approach and potential issues/concerns



Proposed Approach
1. Data

• global LCZ map (Demuzere et al., ESSD 2022)
• urban extent data (land surface map, in relation to other land cover fractions in CESM)
• urban property parameters (LCZ à parameters that CLMU reads)

2. Code dev
• develop the CLMU-LCZ module (example: current CLMU-T/H/M module)
• follow the CESM/CTSM-dev workflow on github: “issue” -> “branch” -> “code dev/change” -> “PR” 

3. Test
• NCAR test suite available that checks for proper operation under a large range of possible model 

setups and conditions, including evaluation of performance (speed), memory, and I/O.
4. Evaluation

• CESM diagnostic tools available to do global/regional climatic assessments.
• Urban measurements



Standard CESM/CTSM dev protocol

On CESM Github repo:
1. create an “issue” to describe planned 

projects involving CESM/CLMU 

2. “branch” from latest CESM 

3. develop code on our own “branch” 

4. “Pull Request” 

https://github.com/ESCOMP/CTSM/issues/1445



Potential issues/concerns
1. Computational cost

CLM-T/H/M
(default)

CLM-LCZs

CLM-default:
Run time: 18674 sec
Memory:31499.45 MB

CLM-LCZ:
Run time: 26108 sec 
(40% more)
Memory:39066.73 MB 
(24% more)

A quick test:
• 220 by 180 grids in east China 
• two–year offline simulations 
• 0.1 degree resolution

Solution: provide user options (default T/H/M mode, LCZ mode, LCZ collapse, etc.)



Potential issues/concerns

1. Computational cost

2. NCAR CGD/TSS/LMWG resources (scientific & software engineer resources)



Thank you!
Comments & questions? 


