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Changes in global society
• Growing population 
• 1800 -> 2014

• 1 billion -> 7 billion

• Growing wellfare, 
changes in socio-
economical 
stuctures



Result: urban expansion



The consequence…
• Drastic local climate changes at the scale 

of cities → Urban heat island (UHI)



The consequence…
• Drastic local climate changes at the scale 

of cities → Urban heat island (UHI)

• Mainly, two processes are involved: UF HE
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2. Human activity



Human activity

Energy usage gets converted to heat -> emitted to 
the atmosphere!

HE



importance of urban parametrization

● When increasing resolution, both NWP as RCM 
applications need to account for urban climate 
features!

● NWP: better forecasts for temperature and 
precipitation in urban environments where many 
people live

● RCM: urban heat-stress and precipitation assessment 
for present-day climate and future scenarios

 



What about COSMO(CLM)?

• A demand for a standard urban parametrization
• It should be:

• Reliable
• The physical processes 
     need to be resolved 

• Efficient:
• Both in terms of input parameters and computational cost

UF HE



→ Three urban parametrizations 

(DCEP+BEP vs. TEB vs. TERRA-URB) 
coupled to COSMO-CLM are compared

• results for Berlin (Trusilova et al., accepted for SI MetZeit): In terms of 
urban/rural contrast in T_2M, performance of TERRA-URB  is 
comparable to TEB and BEP/DCEP, despite the reduced 
computational cost and number of input parameters

• The approach in TERRA-URB has been chosen for standard urban 
parametrization in COSMO(-CLM)

• TEB and BEP/DCEP are provided as extensions for more detailed RCM 
applications (eg., street canyon temperatures)



TERRA_URB coupled to COSMO-CLM4.8_clm19 (development version)
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The urban fabric…
• A simple bulk approach: buildings and streets are represented as a rough water-impermeable slab with 

distinct surface(-layer) characteristics compared to the natural surface

• by means of a new impervious surface type in TERRA-ML:

– High surface roughness depending on averaged building height Sarkar and De Ridder, 2010) → drag on wind, 
enhanced turbulent transport

– low albedo (Sarkar and De Ridder, 2010) → Solar radiation trapping

– high value for thermal inertia (De Ridder et al., 2013; Demuzere et al. 2008) → Infra-red radiation trapping + 
enhanced surface heat transfer and storage in the surface

– thermal roughness length parametriation for 'bluff-bodies'  (De Ridder et al., 2013; Demuzere et al., 2008; 
Kanda et al., 2008)  → decreased surface-layer turbulent heat exchange with the atmosphere, hence an additional 
increase in surface heat uptake

– PDF-based impervious water-storage parametrization (Wouters et al., 2015), including reservoir parameter 
estimates → no evaporation during dry periods

– No vegetation → no transpiration

– New Surface-layer transfer coefficients (Wouters et al., 2012) → consistent treatment of vertical turbulent 
transport in the urban environment

• Tile approach: Urban pixels are represented by 2 tiles: impervious  surfaces, and natural surfaces (gardens, parks…)

• Combined effect leads to Heat buffering: excess daytime surface heat storage for clear calm days is released  during 
the night

UF



Anthropogenic heat emission

• Additional surface sensible heat release to the atmosphere. 

• This acts as a heat source to the first model layer above the 
ground

• Global distribution of annual mean (Flanner, 2009)

• latitudinally-dependent annual and diurnal cycles

HE



TERRA_URB coupled to COSMO-CLM4.8_clm18 (development version)

 Low level of complexity, yet the main features of urban heat islands are 
captured



TERRA_URB coupled to COSMO-CLM4.8_clm18 (development version)

Applications....



Urban climatic drivers of heat islands in Belgium
ECMWF forecast fields for summer 2012 
and winter 2013

COSMO-CLM4.8 + TERRA-URB (DV)

Vegetation in Spring (%)

Impervious surface Area (%)

UF
HE+

Wouters, H., Demuzere, M., Blahak., U., De Ridder, K., van Lipzig N. 20XX, 
The seasonal dependency of urban heat islands and their climatic drivers at the mid-latitudes: 
A model-based case study for Belgium (submission pending)
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Heat waves 
for cities in Belgium
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COSMO-CLM + TERRA-URB coupled 
to an air-quality model



Test version COSMO 5.1 + TERRA_URB

• Based on current 
development version → 
Positive Vote from CSSM and 
CSMC for standard 
implementation in COSMO

• Workshop held on 3-5 
November 2014 

• Implementation Test Version 
(TV) is ongoing



• Upgrade EXTPAR (testing phase)
• Implementation of needed additional fields in EXTPAR 1.13:

• ISA: Impervious Surface Area
• roads, parking lots, buildings, driveways, sidewalks and other manmade surfaces…
• Default source (Global): NOAA, reference year 2010, 1km resolution

• Alternative source (Europe): EEA, reference year 2006, 100m resolution

• AHF: Anthropogenic Heat Flux
• Annual-mean heat emission to the atmosphere

• Default source: from Flanner, 2009
• Alternative source: Redistribution of default source at the scale of 25km 

according to NOAA ISA

• code is being cross-checked
• and being tested for COSMO and ICON grids

Test version COSMO 5.1 + TERRA_URB







• Urban Upgrade INT2LM (implementation phase)
• Urban upgrade COSMO 5.1 (implementation phase)

– Update TERRA-URB to the default prognostic TKE-Based 
surface-layer scheme

• Full Test Version is expected in autumn (September) this 
year.

Test version COSMO 5.1 + TERRA_URB



Application planned with test version
• Urbanization climate 

scenarios for Kampala 
(Africa) at Lake Vicoria



Thank you for your attention!
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