Characterization Analysis of SURFRAD Stations for VIIRS/ABI LST

Calibration/Validation

Ming Chen and Bob Yu
Dec 15, 2009

1. Objectives

To evaluate the representativeness of SURFRAD stations for VIIRS/ABI
LST cal/val

To evaluate the potential scaling and angular uncertainties involved in
direct site-to-pixel comparisons for VIIR/ABI LST cal/val

To establish scaling model which would provide statistical relationship
between a surfrad station LST and the overpass VIIR/ABI pixel LST

2. Analysis Method

Synthesizing VIIRS/ABI pixel with fine-resolution satellite pixels. The
synthesized pixel is expected to retain sufficient information about the
sub-pixel heterogeneity of a VIIR/ABI pixel, and the directional variation
of the sub-pixel heterogeneity. The diagram shows how synthetic pixels
are composed from the ASTER TIR pixels.

Aggregating the fine-resolution satellite pixels to VIIR/ABI pixel by
proper scaling models. So far, we use simple average (of the sub pixels)
for a synthetic pixel value. Up/down-scaling models are under
development.

Calculating SURFRAD LST from upward and downward long wave
radiations.

Comparing SURFRAD LST with synthetic pixel LST and evaluating the
uncertainties involved.
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Figure 1. This figure shows how a set of nine synthetic pixels to composed from fine-
resolution (90m) ASTER TIR pixels. Each synthetic pixel has the target ground site
enclosed, but the distance between the ground site and the center of synthetic pixel varies,
which mimics the possible over-passing VIIRS swaths. Nevertheless, the distance of
every synthetic pixel center from the ground site is within the pixel size (LKm).

Different colors are used for the 9 synthetic pixels, and the center of each pixel is marked
with a small numbered square of the same corresponding color. The numbers on the
squares are the pixel IDs used in the relevant analysis.



3. ASTER and SURFRAD Data
e Data period: 2000 - 2007
e SURFRAD stations characterized so far

Stations Clear Cases Clear Cases
By ASTER Cloud By Augmented
masks Screening

Desert Rock, Co 63 46

Bondville, IL 115 51

PennState,PA 61 20

Boulder, CO 35 13

Fort Peck, MT 12 8

4. Summary of the analysis results

e In general, directional variation of the potential sub-pixel heterogeneity is
found to be consistent with the physical topographic features. Figures 2-4
show such consistency at Desert Rock station and Bondville station.

e The mean difference between SURFRAD LST and synthetic LST is
generally around 1K and the standard deviation of such difference is

around 2K. See Tables 1-4.

e The mean difference between central ASTER pixel and the synthetic pixel
is less than 1K, and the standard deviation of such mean difference is

around 1K. See Tables 1-4.

e The limited datasets doesn’t allow us to characterize the seasonal variation
of heterogeneities, which is more desirable than a simple mean difference.

More datasets are expected.




Surfrad — Synthetic Averoge
T L T T T

T ! — — —
- : : : ]
. —t——plean Oif  —t— StdDewimean_dif] | .
—1.7F I i
E I ]
. | —2.3
- ! .
—-1.38r : . i
S i 13
= » | i -j
& : MWl S L sE(v) J2.2 §
s —19F i i E
T F : ] =
= c ! 1 2
r | - =
C I o
—2.0F ! —z.1
o | i
C [ ]
21 F ' ]
E L 2.0
] S 100 150 200 250 300

Anglefdeq) DesertRock MY

.Google
(-



Surfrad — Synthetic Averoge
—— —

SRV — T e T T 2.8
—07 i i ! ]
C —l— Wean Oif L~ StdBeyimean_dif] | -
C | | | .
. i i i A2.7
C | [ [ ]
-0.8F i i i 3
- | _ | 1 =
- : : ! —2.6%
= C | | i
£ ool ' i i -
5 08¢ ME T} NW LS LSE(Y) 3 ;
= - o - . -
=] L | | | T =
: : : —2.5
: i i i 17
: ! ! ! 1 &
—1aF ! ! ! ] -
B | | |
: i i e
E : : : ]
F : : : 3
C | | | —2.3
A R [T RS AT RS U SR R
] S 100 150 200 250 300

Angleideq) Boulder 30




Table 1. Summary of synthetic pixel analysis

1. Desert Rock, NV

P:éel Deg
0 0
1 0
2 45
3 90
4 135
5 180
6 225
7 270
8 315
Average

2. Boulder, CO

Plléel Deg
0 0
1 0
2 45
3 90
4 135
5 180
6 225
7 270
8 315
Average

3. Bondville, IL

Pll)[()e' Deg
0 0
1 0
2 45
3 90
4 135
5 180
6 225
7 270
8 315
Average

4. Penn State, PA

Mean | StdDev
(Ts-Ta) | (Ts-Ta)
-1.78 2.13
-1.82 2.26
-1.74 2.20
-1.61 1.99
-1.75 2.03
-2.05 2.18
-2.15 2.30
-2.07 2.40
-1.97 2.37
-1.88 2.21
Mean | StdDev
(Ts-Ta) | (Ts-Ta)
-0.84 2.62
-1.15 2.61
-1.03 2.3
-0.91 2.27
-0.80 2.54
-0.67 2.64
-0.77 2.75
-0.87 2.80
-1.02 2.70
-0.90 2.58
Mean | StdDev
(Ts-Ta) | (Ts-Ta)
-0.66 2.04
-0.73 2.01
-0.64 2.05
-0.64 2.17
-0.68 2.10
-0.60 2.14
-0.62 2.12
-0.77 2.05
-0.80 2.02
-0.68 2.08

Mean StdDev
(Ts-Tc) | (Ts-Tc)
-1.81 2.46
-1.81 2.46
-1.81 2.46
-1.81 2.46
-1.81 2.46
-1.81 2.46
-1.81 2.46
-1.81 2.46
-1.81 2.46
-1.81 2.46
Mean | StdDev

(Ts-Tc) | (Ts-Tc)
-0.77 2.6
-0.77 2.6
-0.77 2.6
-0.77 2.6
-0.77 2.6
-0.77 2.6
-0.77 2.6
-0.77 2.6
-0.77 2.6
-0.77 2.6
Mean | StdDev

(Ts-Tc) | (Ts-Tc)
-0.59 2.01
-0.59 2.01
-0.59 2.01
-0.59 2.01
-0.59 2.01
-0.59 2.01
-0.59 2.01
-0.59 2.01
-0.59 2.01
-0.59 2.01
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Mean | StdDev

(Ts-Ta) | (Ts-Ta)
0.1 1.99
0.43 1.93
0.41 2.07
0.20 2.19
0.09 1.91
0.10 1.96
0.01 1.93
0.04 1.91
0.19 1.98
0.17 1.99

Mean | StdDev
(Ts-Tc) | (Ts-Tc)
0.25 2.09
0.25 2.09
0.25 2.09
0.25 2.09
0.25 2.09
0.25 2.09
0.25 2.09
0.25 2.09
0.25 2.09
0.25 2.09




How to quantify the impact of heterogeneity on the bias:

Var(Ts-Tc)=Var(Ts-Ta)+Var(Ta-Tc)+2Cov(Ts-Ta,Ta-Tc) 1)
Var(Ts-Tc)/Var(Ta-Tc)=1+Var(Ts-Ta)/Var(Ta-Tc)+2Cov(Ts-Ta,Ta-Tc)/Var(Ta-Tc)

(2)
S=Cov(Ts-Ta,Ta-Tc)/Var(Ta-Tc) = (R1-R2-1.0)/2.0 3
The effect of heterogeneity:
D= S* mean(Ta-Tc) 4)

Desert Rock, CO

Pixel ID Deg R1 R2 S D(K) Ts-Ta 100%
0 0 3.56 3.08 -0.26 0.010 -1.78 0.6
1 0 4.10 3.76 -0.33| -0.003 -1.82 0.2
2 45 4.03 3.60 -0.28 0.022 -1.74 1.0
3 90 2.67 2.16 -0.24 0.048 -1.61 3.0
4 135 2.56 2.11 -0.27 0.016 -1.75 1.0
5 180 2.51 2.22 -0.35| -0.085 -2.05 4.1
6 225 3.07 2.87 -0.40 | -0.136 -2.15 6.3
7 270 3.78 3.69 -0.45| -0.118 -2.07 5.7
8 315 4.10 3.95 -0.42 | -0.068 -1.97 3.4

Average 3.23 2.90 -0.33| -0.023 -1.88 1.2

Would the heterogeneity affect the standard deviation of the mean difference?
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