Downscaling MODIS nighttime land surface temperatures in urban
areas using ASTER thermal data through local linear forest

CHEOLHEE YOO '4: cheolhee.yoo@polyu.edu.hk

Jungho Im !, Dongjin Cho!, Yeonsu Lee'!, Dukwon Baez"Panagiotis Sismanidis 3

1 UNIST (Ulsan National Institute of Science & Technology), Republic of,'i%orea (South Korga)
2The Hong Kong Polytechnic Univecsity, Hung Hom, Kowloon, Hong K&Ag 3 Ruhr;Unive

3 versit

) E‘.S;‘“ . .”-—.:7-"° R . :‘ »
- _ } .;.‘:':f —_ ‘? 14 ot B = 1Rt R e R MR S "-.'-\ O T TR
" '],'Q.'" ‘ !'*J g-“.f'llﬂ“"i:;" DA . - ‘e.;. v 3 ‘ > ‘Ek":.'~

en i3 "
o . -2 - .
-

Data

High resolution (250 m) input kernels

-
»

-

Bechum, GERMANY %

: c“’.. | o‘.". . :..—-‘.
» - N* )

"

[ ] [ ]

' i
ULSAN NATIONAL INSTITUTE OF

& o ) SCIENCE AND TECHNOLOBY
-n - - L 200 8
‘ a » :t 3 A
o A » |

- ‘ A S -

o .

3

»

» ','.-.’
ot o . A
v .9 L Yy 'y '

& el

Motivation

37°40'0°N

Source

ASTER Level2 LST
SRTM DEM

SRTM DEM

OSM road data
GHS-POP
GHS-BUILT

Acronym
ALST (°C)
DEM (m)
Slope (°)
Road (%)
Pop (%)
Built (%)

Description
ASTER Land surface temperature
Elevation

37 30'0°N

Slope, steepness of a surface

Urban areas retain heat at night, but vegetation Road density

cools off faster. Nighttime shows clear evidence of
positive UHI irrespective of climatic region and

e g e
126°S500°E 127°00°E 127"100°E

Population density

Local climate zone Built-up area percentage

seasonal variation. However, few sensor provide
high resolution nighttime thermal data (ASTER does,
but irregular temporal resolution)

B ' Compact high-rise
B 2 Compact mid-rise
B 3 Compact low-rise
BN 4 Open high-rise
- 5 Opoﬂ mid-nse

6 Open low-rise

B A Dense trees
B B Scattered trees
B C Bush, scrub

D Low plants

B £ Bare rock

F Bare soil

DisBWC(m)

Wind (m/s) 10-year averaged wind speed

Distance from the built-up weighted Center

Global Wind Atlas

7 Lightweight low-rise T G Water
8 Large low-rise
9 Sparsely built

B 10 Heavy industry

*GHG: Global Human Settlement population and built-up grids
Spatial downscaling effectively produces high
spatiotemporal resolution land surface
temperature (LST) in urban areas. Although
nighttime LST is an essential indicator in urban
thermal research, few LST downscaling studies
have focused on nighttime in fine resolution.

Rome, Madrid, and Seoul were chosen as the study

areas. The three megacities are well-suited to evaluating the
robustness of the proposed methodology since they reflect
various geographic characteristics and unique urban

architectures. _
Study periods: 2017-2020

Target MODIS daily nighttime LST
MOD11A1 (Terra) LST products
Daily, 1 km spatial resolution

10:30 p.m. local solar time

Methods

1. ALST Kernel selection

Local Linear Forest

y, = log (14 exp (6Xu)) + €, €~ A0, 20)

*Clear—sky ALSTs : 22 for Rome, 18 for Madrid and 5 for Seoul

2. Downscaling and Evaluation
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1 km Kernels 1 km MODIS LST

Input variables (250 m)

DEM, Slope, DisBWC, Road
Pop, Built-up, Wind

All available Nighttime LSTs Mighttime LST of target date
L Clear-sky 90 m ASTER LST (ALST) ‘ { Clear-sky 1 km MODIS LST \
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Normalization __~/
Nighttime

LASSO Target
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1km 250 m DLST

{ ALST kernel (250 m) o
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Feature-selected ALSTs
250 m ALST of target date

Random forest Local linear regression

Feature-selected ALSTs

Input Target

Scheme des_i;i\\
__.‘—/

S1: Auxiliary kernels / RF
S2: ALST + Auxiliary kernels / RF
S3: ALST + Auxiliary kernels / LLF

RF is regarded as a useful model for
many regression tasks thanks to its
relatively high performance and low
sensitivity to the parameters..
However, RF cannot extrapolate target
values outside the range of the training
data.

LLF leverages the strengths of RF and
local linear regression to improve
performance

LST downscaling
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Validation result comparison for three
schemes (S3) using reference ALST
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R: 0.932
RMSE: 0.748K
rRMSE: 36.9%

MAE: 0.587K
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Spatial distribution of nighttime LST
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Surface urban heat island (SUHI) intensity comparison using LCZ

Applicability for urban
climate monitoring

Correlation between 250m mean annual LST and each auxiliary variable
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Conclusion

This study presented a new nighttime LST
downscaling method in which 250 m LSTs are
generated from 1 km MODIS nighttime LST. Sc
3 using LLF model predicted LST much better than
other schemes especially for both extremes. Selected
ALST kernels of the target date played a crucial role in
producing accurate nighttime DLST. Downscaled LST
showed larger UHI intensity on urban surfaces than 1
km MODIS LST.

SUHI
LCZ

— Compact midrise
Compact low rise
Open high rise
Open midrise

Madrid
250m

2.89

Seoul
250m

3.29
2.90
2.47
1.69
1.14
1.21
0.55
0.34

Rome
250m diff 1km

3.53 049 2.61

diff
0.28

1km
3.14
2.74
2.24
1.65
1.18
1.12
0.59
0.39

diff
0.15
0.16
0.23
0.05
-0.04
0.09
-0.04
-0.04

1km
3.04

neme
Madrid [l Seoul 1.93
0.86

1.04

2.36
1.10
1.16

0.43
0.24
0.11

Urban-type

Open low rise

Large low rise
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UHI czx = Temperaturey zx — Temperaturey czp

Correlation Coefficient (r)

Natural
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