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Research Background ({Needs, Literatures Review and Motivation

Model evaluation Is necessary for urban climate

Needs simulations to make sure the results are reliable and
trustworthy to some of the extents.

However, recent efforts understandably paid minimum
attention to model evaluation in the community of

: urban climatemodelers.Review of typical evaluation
BICIEINIEN " | offorts in existing literatures, most of them only

SEVIE, conducted some simple comparisons between

modelled variables and its corresponding observed
ones by drawing its timistory plots.

We propose systematic framework and methods foy
evaluating modefesults to benefit future studies with
more choices for model quality control, making urban
scale simulation more robust.




Methodology ({Impact Model
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Methodology = JAtmospheric Model
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Typical Physics Model:
(1)Microphysics

(2)Cumulus Parameterization
(3)Radiation

(4)Planetary Boundary Layer
(5)Surface Driver
(6)Oceanimpacts

(7)Noah Land Surface Model (Noah LSM

(8)Urban Canopy Model (UCM)

CouplingUrbanization ImpactModel

with More Inputs;:
(1)Vegetation Coverage
(2)Building Morphology
(3)Land Cover
(4)Anthropogenic Heat




Methodology ({JExperimental Design
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Technical Preparation ({JModel Setup {JChanges in WRF
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Technical Preparation ({Model Setup WRF Parameters Setting 1
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Technical Preparation ({Model Setup WRF Parameters Setting 2
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Technical Preparation

(1)Boundaryof China
(2)Boundaryof Shenzhen

(3)Boundaryof Shenzhen Districts

(4)Boundaryof Hong Kong

1978
ShenZhen
2010
2010 HongKong | Annual Mean
2010
; PRD
2010 Hybird with SZ1979
1979 Shenzh
2010 e
2010 HongKong | Maximum Sensible Heat | Anthropogenic Heat
2010

PRD
2010 Hybird with SZ1979

(5)2005PRD Land Cover (CAS2Q05) = s

(6)2010Shenzhen Building
Morphology

(7)2010Hong Kong Building
Morphology

(8)2010Shenzhen Road Network

(without width of road)

2010 HongKong |  Maximum Latent Heat

2010
) PRD
2010 Hybird with SZ1979
Inside Special Area
Outside Special Area 1979

__ShenZhen
chy P lati
2010 opulation
2010 HongKong
Land Surface
Annual
1979 Datasets
Monthly
ShenZhen
Annual
2010
Monthly
Annual Vegetation Cover
2010
Monthly
PRD
Annual
) 2010 Hybird with SZ1979
Monthly -

(9)2010Hong Kong Road Network 0

(10)2010MODIS NDVI Shenzhen

Dataset
(11)1979MODIS Landsat 3

Shenzhen Area Remote Sensing

Images

P XLKE

»&¥ <  The Chinese University of Hong Kong
) :

2010 HongKong 5
i~ Impervious Land
2010

2010 Hybird with SZ1979

PRD

Original Version
9 2010

Enhanced Version ShenZhen
Network

2010 HongKong

2010 ShenZhen

Road Width Road

2010 HongKong

2010 ShenZhen

Occupied Land Area
2010 HongKong

(Data Preparation - Urban Land Surface Dataset

City
ShenZhen Districts
Sinc
Bounda 1
Y HongKong

1979

PRD | 2005

Land Cover L

ShenZhen 1996

L1-5 MSS - 1979 2918292 ShenZhen
Landsat Level 1 Dataset

2010 MODIS NDVI Mobizal
MOD13Q1-SZ
NDVI - 1979 Day 2918292 ShenZhen
1979 Self-Made NDVI Z -
1979 ShenZhen
Encrypted
shenzhen 20101 i cted
Morphology
HongKong 2010

ShenZhen 2010

2010
Plan Area | HongKong

2010

PRD _
2010 Hybird with SZ 1979

ShenZhen 2010

LM31300441979291AAAOS
LM31310441979292AAA04

Total Floors Area  HongKong 2010
HongKong&ShenZhen 2010
ShenZhen 2010
HongKong 2010
Number Mean Height
[ 1 Adjusted
| 2010 o
Building PRD —1 10 Points over ZA

2010 Hybird with SZ1979

ShenZhen 2010

2010
| Area Weighted Mean Height HongKong
2010
PRD : )
1 2010 Hybird with SZ1979

ShenZhen 2010

| Buffer Area
2010

HongKong
ShenZhen 2010

Impervious Area
HongKong 2010

ShenZhen 2010

2010
Surface HongKong

2010

PRD
2010 Hybird with SZ1979



Technical Preparation

( Data Preparation

-Urban Land Surface Dataset
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Technical Preparation  ({Data Preparation -Urban Land Surface Dataset

2010 PRD Anthropogenic Heat Maps
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Technical Preparation  ({Data Preparation {Primary Data Processing
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Technical Preparation  ({Data Preparation (Primary Data Processing
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Technical Preparation

2010 Imepervious Area (Domain 4)
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Technical Preparation

Adjusted 2010 Land Cover (Domain 4)
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Technical Preparation
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Technical Preparation
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Technical Preparation  ({Data Preparation {Primary Data Processing
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Technical Preparation  ({Data Preparation {Primary Data Processing

Original 2010 Vegetation Coverage (Apr) in Domain 4 Refined 2010 Vegetation Coverage (Apr) in Domain 4
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Technical Preparation  ({Data Preparation {Primary Data Processing
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Technical Preparation  ({Data Preparation {Primary Data Processing

Original 2010 Vegetation Coverage (Jun) in Domain 4 Refined 2010 Vegetation Coverage (Jun) in Domain 4
100% e ™ = o , 100%
23 23 3 e
22.9 90% 22.9 il 90%
0 0
22.8 o0% 22.8 804
- 0 = 7 0
22.7+ i Foi 22.7F o
P 1 60%
2267 . 226 o-
i 500/0 A 500/0
225} 22'5}
140% 140%
22.4 + 22.4
130% 1 30%
223 22.3 |
20% 20%
222F " % o it 222F i
R G 10% R G 10%
22115 ° N Q - 22115 ° N Q -
| O I L | 1 00/0 | O | B> | 1 00/0
113.8 114 114.2 114 .4 114.6 113.8 114 114.2 114.4 114.6
geo_data refinementrocessing Packag
@ IR LT
o P ‘:é_‘g_j The Chinese University of Hong Kong 2 1



Technical Preparation  ({Data Preparation {Primary Data Processing

Original 2010 Vegetation Coverage (Jul) in Domain 4 Refined 2010 Vegetation Coverage (Jul) in Domain 4
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Technical Preparation  ({Data Preparation (JPrimary Data Processing

Original 2010 Vegetation Coverage (Aug) in Domain 4 Refined 2010 Vegetation Coverage (Aug) in Domain 4
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Technical Preparation  ({Data Preparation {Primary Data Processing

Original 2010 Vegetation Coverage (Sep) in Domain 4 Refined 2010 Vegetation Coverage (Sep) in Domain 4
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Technical Preparation  ({Data Preparation {Primary Data Processing

Original 2010 Vegetation Coverage (Oct) in Domain 4
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Technical Preparation  ({Data Preparation {Primary Data Processing
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Technical Preparation  ({Data Preparation {Primary Data Processing

Original 2010 Vegetation Coverage (Dec) in Domain 4 Refined 2010 Vegetation Coverage (Dec) in Domain 4
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Case 2010 Anthropogenic Sen5|ble Heat Flux (Domain 4)
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dData Preparation {Primary Data Processing
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Case 2010 Building Area Fraction (Domain 4)
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Case 2010 Standard Deviation of Building Height (Domain 4)
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Technical Preparation  ({Data Preparation {Primary Data Processing

Case 2010 Building Surface Ratio (Domain 4)

Case 2010 Urban Area Fraction (Domain 4)
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Technical Preparation  ({Data Preparation (JZA Problem Processing

. The first atmospheric level
ZDCr Z0Cr 2 >=ZA height of WRF model

\\ Roughness length above canyon for momentum

Zero plane displacement height

2010 Annual Variation of Minimum and Maximum ZA Height (m) in Domain 4
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dData Preparation {ZA Problems Processing

ZDC+Z0OC+2m in Domain 4

-I ™ - -..- [ ] m
23 . -, ~p . _E 135
i Ll - - - " "
22.9 =1 9 :
22.8 - |
S .
22.7 + {925
22.6 - ’N o
20
225+
<
224 + . 15
223+ Max =365398 -
A < Mean = 6.87 10
2221 5 Ef? vz .. Min =24912 -
o Q = Qe
ﬁ? ° b ab 5
2211 < % Grids with ZDC+Z0C+2m >= ZA
! S ! 7 ! 1
113.8 114 114.2 114.4 114.6
i lat MH_URB2D (m) BUILD _HEIGT (m) ZDC (m) Z0C (m) ZDC+Z0C+2m ZA ZA - (ZDC+Z0C+2m)
orginal |[cut %| new |original| new |original| new |original | new |original | new original new
114.05 (2253 | 44.21 | 88% | 38.91 | 53.78 47.32 26.84 |23.62 1.18 0.87 | 30.03 |26.49 |2/.28 -2.75 0.79
114.06 | 2253 | 5131 | 95% | 48.75 | 62.34 59.22 2059 (1956 | 5.29 480 | 27.89 |26.37 |27.28 -0.61 0.91
114.05 (2254 | 66.89 | 77% | 51.50 | 81.21 62.53 23.09 |17.78 | 10.72 6.78 | 35.81 |[26.56 |27.28 -8.53 0.72
114.06 |22.54 | 51.86 | 95% | 49.27 | 59.02 56.07 2090 (1985 | 5.06 458 | 27.95 |26.43 |27.28 -0.67 0.85
114.10 | 2254 | 47.26 | 95% | 44.89 | 59.23 56.27 2284 (21.70 | 3.11 2.80 | 27.95 |26.50 |27.28 -0.67 0.78
113.89 (2256 | 53.83 | 91% | 48.98 | 51.36 46.73 2336 [21.25 | 3.95 3.26 | 29.31 |26.51 |27.28 -2.03 0.77
114.02 (22.63 | 60.48 | 90% | 54.43 | 5/.65 51.88 2034 (1831 | 7.74 6.37 | 30.08 |26.68 |27.28 -2.80 0.60
11433 | 22.71 | 65.92 | 87% | 57.35 | 69.56 60.51 10.00 | 8.70 19.37 |15.61 | 31.36 |26.30 |27.28 -4.08 0.98
Ry FHETXXF
o P té‘z_‘ The Chinese University of Hong Kong

34



Model Evaluation and Conclusions dModel Evaluation - Variables

Observation Datasets Sources
2010 PRD Precipitation Department of Geography & Resource Managemg
2010 PRD 10 m Wind Speed The Chinese University of Hong Kong
2010 PRD Relative Humidity
2010 PRD Short Wave Radiation
2010 PRD 2 m Air Temperature

MODIS/AquaLand Surface Temperatuf NASA EOSDIS Land Processes DAAC, USGS Ee

and Emissivity (LST/E) product Resources Observation and Science (EROS) Cer
Modeling Variables for Model Evaluation Corresponding Observation

Name Description Datasets

RAINC Accumulated Total Cumulus Precipitation L

RAINNC |Accumulated Total Grid Scale Precipitation 2010 PRD Precipitation

Ul0 Uatl0 M .

V10 Vat 10 M 2010 PRD 10 m Wind Speed

RH2 2 m Relative Humidity 2010 PRD Relative Humidity

SWDOWN |Downward Shortwave Flux at Ground Surfg 2010 PRD Short Wave Radiation

T2 TEMP at 2 M 2010 PRD 2 m Air Temperature

TSK Surface Skin Temperature 2010 Surface Temperature
%8P X kB
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Model Evaluation and Conclusions (Model Evaluation - Methods

Perkins Skill Sco

extent of overlap between the observed an
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Function (PDF)1 :a perfectsimulation O
aworst simulation.
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This compares the modeled and
Temporal 254 SNBSR OF NRF ot §
Comparlsc_)n _Of ranges and median at the temporal
Spatial Variation geiuEiSe

This shows the probability density to
the extent to which modeled variable

Difference
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Model Evaluation and Conclusions

d Model Evaluation

d Surface Temperature
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Themodeledsurfacetemperaturesrepresentthe corresponding MODIS ones witl
an acceptable Perkins Skill Scard alsohave the same annual variation and the
same urban climatologicadpatial patternsas that of the MODIS ones.
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Model Evaluation and Conclusions dModel Evaluation {J2m Air Temperature
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Themodel produced quite a good simulation ofideters air temperature with
annual mean Perkins Skill Score of 0.724. It also capturedaigaviorsof monthly
and diurnal variation of observed-Peters air temperatures.
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-0BvV Mean =
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Themodel simulated the 18meters wind speed with
acceptable Perkins Skill Score. The modelled one

10-meters wind speed also have the same annual

variation as that of the observed ones.
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Model Evaluation and  Conclusions ({Model Evaluation {Precipitation
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AL p Based on the comparison of experiments and

i 1| |observations with respect to the modelled and

0 N\ A " ] . . .
/L |0bserved measurements of precipitation, a well
o\, . |grounded conclusion is provided that the model
e TE L B | simulated the precipitation with an acceptable
3 | I \ |

Lo L[ ||Perkins Skill Score. Moreover, the modelled
precipitations also have the same annual variation g
that of the observed ones.
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Themodel can simulate the relative humidity with
an acceptable Perkins Skill Score aaxturacy and
alsoappropriately simulate the monthly variation

pattern of relative humidity.
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Model Evaluation and  Conclusions (Model Evaluation ({Downward Shortwave
Radiation

Themodel can simulate the downward shortwave
radiation with an acceptable Perkins Skill Score and
accuracyand alsoappropriately simulate the

monthly variation pattern of downward shortwave
radiation.

FHEPLRKEF

A&  The Chinese University of Hong Kong 4 2
o 7 '



