Development of a High-resolution
Urban Thermal Sharpener (HUTS)

Anthony Dominguez, UC San Diego
Advisors: Jan Kleissl, UC San Diego; Jeff Luvall, NASA MSFC

November 3, 2010



Outline

Background: Urban Heat Island (UHI) Effect

Motivation: Importance of high resolution surface
temperature data

Method: Development of HUTS

Application: High — resolution satellite derived
land surface temperatures

Future work: Integration with complex urban flow
modeling

Conclusions



Urban Heat Island (UHI) Effect

e Urban temperatures are higher than rural temperatures in comparable areas
* Greatest temperature differences are seen at night
e Exhibited by both surface and air temperatures

* Increases cooling energy use and heat related health issues Surface Temperature (Day}
==== Air Tempeérature [Day]

= Surface Temperature [Night)
==== Air Temperature (Night)

Contributing Factors: i

eLack of permeable surfaces

eLack of vegetation

eDifferent material properties
*Higher heat capacities
eLower albedos

*Increased surface area

eDecrease in mean wind speeds

eAnthropogenic heat
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]
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Image from epa.gov



Importance of urban land surface
temperature (LST)

Contributing Factors:
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Example UHI Study: Phoenix

Hartz et al. (2006) used satellite derived
ALBEDO: June 17, 2004 LST maps to compare different residential areas
(11:20 &M LET)
Study Areas:
MDO: medium density homes with oasis landscape
LDX: 1 story homes on large lots, 68% open space
— HDO: Closely spaced homes, 18% open space
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NASA’s ASTER sensor

* On the Terra satellite

* 14 overall spectral bands from visible to thermal infrared (TIR)
 Takes 60 x 60 km images

e Spatial resolution ranges from 15 m to 90 m

ASTER band Approximate
Bandwidth (um)

34

VNIR (15 m)

1 0.52-0.60

2 0.63-0.69

3 0.76-0.86

TIR (90 m)

10 8.125 — 8.475

11 8.475— 8.825 oo o)
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ATLAS airborne sensor ATLAS  Approximate

*NASA’s Advanced Thermal and Land Applications band Bandwidth (um)
Sensor (ATLAS) 1 0.45-0.52
*15 spectral bands from visible to TIR 2 0.52 —0.60
» 830 pixel wide flight line 3 0.60-0.63

*5mor 10 m resolution in all bands depending on

flight altitude ‘ 2557057
5 0.69-0.76
ASTER band Approximate 6 0.76 -0.90
Bandwidth (um) 7 1.55—-1.75
VNIR (15 m) 8 2.08-2.35
1 0.52-0.60 9 3.35-4.20
2 0.63-0.69 10 8.20-8.60
3 0.76 -0.86 11 8.60-9.00
TIR (90 m) 12 9.00-9.40
10 8.125-8.475 13 9.60-10.2
11 8.475—-8.825 14 10.2-11.2
12 8.925-9.275 15 11.2-12.2

13 10.25—-10.95
14 1095 1165 E = J

340 400 450 &00 850 w00 Bal a0

YWavelength, A (in nanometers)



Calibrated and corrected ATLAS Data

Data taken over San Juan, Puerto Rico in February, 2004
Surface temperature used €=0.98 assumption

Albedo (a) calculated over multiple bands

Normalized Difference Vegetative Index (NDVI): NDVI =
LST aggregated to 90 m for ‘virtual’ low resolution

T, [°C]

(ch6 — ch3)

(ch6 + ch3)

Albedo (a)
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Sharpener development

process

Step 1: quantify high resolution (10 m)
relationship between LST, NDVI, and
albedo

Step 2: examine if low resolution (90 m)
relationship can be used to recreate high
resolution relationship

Step 3: Leverage low resolution (90 m)
relationship to estimate high resolution
(10 m) surface temperatures

Step 4: Validate sharpened temperatures
against measured temperatures




LST, NDVI, and albedo RelatJonshlp

High Resolution
Increase in NDVI = decrease in LST

NDVI

Increasing albedo in vegetated
areas =2 increase in LST

Increasing albedo in built up area
- decrease in LST

Higher standard deviation in built
up areas
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Low Resolution

At low resolution, LST looks nearly linear with NDVI
and independent of albedo

How well can low resolution be used to recreate
high resolution?



NDVI

NDVI

Distribution of Sharpened LST

UniTrad uses no sharpening

TsHARP’s sharpens using a linear regression against NDVI

HUTS uses a 2 variable, 4t order regression against NDVI and albedo

UniTrad T_ and error [°C]
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Full 900 x 720 pixel (9 x 7.2 km) Scene
Before Sharpening - After Sharpenmg

i > x




HUTS applied to ASTER image over UC San
Diego area (5.25 km x 3.75 km)
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Future work: integration of high resolution
LST and urban LES model

e Large — Eddy Simulation IKE BH7S
(LES) is a powerful tool -
that can be used to _ | _— 1.50
model flows over - © 100

complex terrain. ansslllbens @
0.00

Courtesy of Long Sun

e LES has been used in
urban areas to study such
things as ventilation and
pollution dispersion.

Mo heat

0.5H 0.5H

e Most LES studies assume
there is no heat flow, or
use very simplistic heat
conditions. %4 0% ooz —eo1 o o0l

Castillo et al. (2009)




Conclusions

HUTS is presented as a method to leverage the relationship
between LST, NDVI, and albedo at low resolution, leading to a
reasonable estimate of LST at high resolution.

Since HUTS utilizes physical parameters, it should be applicable
across remote sensing sensors and platforms provided the data is
calibrated and corrected.

HUTS can be utilized on readily available satellite data to provide
high resolution LST over urban areas at a global scale.

Integration of high resolution LST with advanced urban modeling
will lead to more accurate simulations of urban heat and
momentum transport.
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100 x 100 pixel (1 x 1 km) suburban scene

Region A: suburban
region of road, house,
yard. While the range
in Ts is damped, HUTS
captures the variability
better than other
methods.

Region B: Structure
that is both better
defined and nearer to
the measured
temperature in HUTS.

Region C: Road that is
better defined and

nearer the measured
temperature in HUTS.

Measured TS

UniTrad

B

TsHARP,




Previous method: TsHARP

NDVI is converted to a fractional vegetation
cover:

fesoo = (1- NDW?D)D'625

A regression between fcs and Ts at low
resolution is found:

Ts90 = €o + C1fes90

Image is then sharpened based on regression
and adjusted to balance the energy in the
sharpened image to the low resolution image

T. = ¢y + ¢, (1 — NDVI)%625 + 4T,

dTs = Tggq — ngo




High Resolution Urban Thermal Sharpener

HUTS improves upon TsHARP by
utilizing the Ts vs. a relationship seen

in urban areas and not captured by
TsHARP.

A 2 variable 4t order regression of Ts
vs. NDVI and a is found from the low
resolution data:

= pyNDVI* + p, NDVIPa + p, NDVI*a® + p,NDVia® +

pea® +p, NDVI® + p. NDVI?a + po NDVia® + pga® +

'I-G'll:' .""lr.D.["',I: T TG‘_I_‘_I_ NDVie + 'p'.lj n:: T ';013 NDVI + 'I'G-l;_ﬂ: m TG‘_I.E .

The sharpened values are then
qguality controlled by leaving pixels
outside of an acceptable temperature
range empty, as the regression is
poorly fitted to outliers

Empty pixels are solved for by
interpolation over a 5x5 pixel block
and an energy balance algorithm
balances the energy between low
and high resolution images.




Solving for Emissivity

Emissivity can be solved for using
one of a variety of existing methods
utilizing multiple TIR bands

Recalculating LST based on each
pixel’s emissivity would provide a
more accurate LST, and could be
applied after sharpening.

An existing sharpening method
(emissivity modulation) empirically
applies emissivity to high resolution
pixels and sharpens based on those.

The resulting high resolution
emissivity data could be used to
validate the emissivity modulation
approach and the general accuracy
of land class based emissivity.




Error measures over entire region

Method RMSE [K] MAE [K] R

UniTrad 3.33 2.48 0.712

TsHARP  |3.07 2.17 0.765
HUTS 2.81 1.96 0.806

Root Mean Square Error (RMSE)

' 2
RMSE = \/ (Ts = Tsnarpenea)

RMSE = |HZ(T Tharpene d)

Mean Absolute Error (MAE)

MAFE = |T5 - Tgharpenedl

n

1
MAFE = ;Zng - Ts}zarpenedl
i=1

Correlation Coefficient (R)

n

R = ! T. T!
- no- o s “sharpened
Ts Tsharpened i=1

e Mean Bias Error (MBE)
MBE =T, -T.

sharpened

MBE = — T - _ZTsharpened




Error measures for each land class
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Outlier Analysis

*Building is barely cooler than the
adjoining parking lot, but with much
higher albedo.

*The lighter part of the building (south) is
cooler than the rest of it.

10.4

10.3




Outlier Analysis

A building with very high albedo has higher
temperature than surrounding lower albedo
buildings.
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LST, NDVI, and albedo Relationship

High Resolution Temp [°C] Standard Deviation [°C] Histogram (log, )

* Increase in NDVI =
decrease in LST

* Increasing albedo in
vegetated areas 2
increase in LST

NDVI

Ft e

Tl 4
- -

p O

-0.4

* Increasing albedo in 0.2 0.4 0608 1 12
built up area 2 0.6 3
decrease in LST

NDVI

*  Higher standard
deviation in built up
areas

Low Resolution _ 250.3 0.35

e Atlow resolution, LST .
looks nearly linear with
NDVI and independent 04[5
of albedo :
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NDVI
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resolution be used to 2 S
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System overview: Terra Satellite

e Launched December, 1999

e Sun-synchronous orbit

* Crosses equator at 10:30 am
16 day repeat cycle

e 98.9 min orbit period

e 700-737 km altitude

Onboard Systemes:

Moderate-Resolution Imaging Spectroradiometer (MODIS)

Multi-angle Imaging Spectro Radiometer (MISR)

Clouds and the Earth’s Radiant Energy System (CERES)

Measurements of Pollution in the Troposphere (MOPITT)

Advanced Spaceborne Thermal Emission and Reflection radiometer (ASTER)

Image from terra.nasa.gov



Introduction Background
Data Analysis Motivation
Sharpening Methods
Results and Discussion
Conclusions and Future Work

System overview: ASTER sensor

14 bands from Visible to TIR

Stereo coverage via backward
looking NIR band

Spatial resolutions from 15 m
(VNIR) to 90 m (TIR)

60 x 60 km covered by each
scene

Acquires 650 scenes per day

Image from ASTER Users Handbook



Introduction Background
Data Analysis Motivation
Sharpening Methods
Results and Discussion
Conclusions and Future Work

ASTER subsystems: VNIR and TIR

Visible and Near
Infrared Thermal Infrared _

Band 1 520-600 nm Band 10 8.125-8.475um
Band 2 630-690 nm Band 11 8.475—8.825um
Band 3 760-860 nm Band 12 8.925-9.275um
Band 3b backwards Band 13 10.25-10.95um

looking Band 14 10.95 — 11.65um
data rate 62 Mbps Spatial Resolution 90 m

spatial resolution 15 m
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Images from ASTER Users Handbook
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