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Abstract

In situ surface temperature measurements of the upper
Tuolumne River Basin in the Sierra Nevada, and of Grand Mesa in
Colorado (both for Mar.-Apr. 2017) are compared against
concurrent, ASTER (90 m), MODIS (1 km), GOES-16 ABI (“2 km”),
and at Tuolumne, airborne (5 m) TIR observations. This multi-
scale comparison helps to characterize the benefits and
drawbacks of observations at each temporal and spatial scale,
including addressing terrain parallax in the off-nadir view angle
imagery from GOES. This work will help inform how GOES-16/17
can be used to measure the diurnal cycle of mountain surface
temperatures, and how spatial patterns from finer resolution
observations could be used to downscale GOES observations.
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Figure 1. Two simulated views of the Tuolumne River Basin from
the perspective of a) GOES-West and b) GOES-East demonstrating
terrain parallax and occlusion effects. (Generated with a 30 m
resolution DEM.)

Parallax Over Mountain Terrain

Map projections of GOES ABI imagery that do not consider the
height of terrain relative to the reference ellipsoid (GRS 80) can
be subject to significant foreshortening, parallax, and occlusion
effects over mountain terrain. Orthorectification is needed to
retrieve surface temperature measurements for precise ground
locations from GOES ABI thermal infrared bands, especially for
comparison with nadir-viewing polar orbiting satellites. Without
orthorectification mountain locations can appear to be offset by
several kilometers relative to their true locations, and low-lying
areas can be obscured by adjacent ridgelines.

a) GOES-16 ABI Scan Angle b) Western Hemisphere DEM
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Figure 2. Terrain parallax
correction method: Taking into
account a) the view geometry of c) Pixel Offset
GOES-East, and b) local elevation (14 prad bands)
with respect to the reference .
ellipsoid, the c) offset due to terrain

parallax is computed for the region K
visible to GOES-East. The resolution -4
of this parallax correction method 3
is controlled by the spatial 2

=

resolution of the DEM chosen.
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Figure 3. The apparent location of the in situ measurements sites appear to change between GOES-West and GOES-East
imagery, demonstrating the parallax effect over mountain terrain. Example GOES-R ABI band 2 (0.64 um, “500 m”
resolution) imagery from April 2019: a) GOES-West, b) GOES-East, Tuolumne River Basin, California; ¢) GOES-West, d) GOES-
East, Grand Mesa, Colorado. The GOES-R ABI Fixed Grids are shown for the “2 km” resolution (56 purad) bands. The areas
outlined in red boxes are shown in image subsets for each site with ASTER (90 m) TIR observations of surface temperatures
(Tuolumne: Apr. 21, 2017; Grand Mesa: Feb. 15, 2017). Airborne TIR (5 m resolution; Apr. 21, 2017) imagery footprint
outlined in white dotted line for Tuolumne. Aqua

Figure 5. A fusion of high temporal
resolution (5-10 minute) GOES-16/17 ABI,
high (<100 m) or moderate (750-1000 m)
spatial resolution observations from low
Earth orbiting imagers (ASTER/MODIS),
could provide high spatio-temporal
resolution surface temperature maps of
mountain environments — needed to
better understand and model the diurnal
surface energy balance of seasonal snow
over complex terrain and heterogeneous
land surfaces.

a) Gaylor Pit Temperatures (Apr 18, 2017 - Apr 23, 2017)

201
A =t A
10 J’J I ] 11\
A, [ e
perare] o' 1 Y
@) \": \ ,,"i‘; \“ ,'l T‘ X R Vv om
v [0 ) CERR. VYA 43t NI N A e U R ! I, G e ——" T e o i Vo,
=] 2 ‘\ 1' [ ] ] '!
-lf_UJ LFAN [ i -‘_\.\' ~ '| \‘\ 1'\. ~r . *
T ‘g,\ 1.\ R 1. d - .":‘ .. S x
2 _10 ‘ AN * o r AT o o8 r. o
5 -y y M ‘e £ s 02 = o3
(O] ”~ \ "' \J . L : 5 e, ¢
= J : P LR TR
] \ 1 2.’ oo ® ° ..l. ’ ‘
—20- ¢’ w Gaylor Pit Tss * GOES-16 (Band 14)Tg  *7 t . N . of
s { Gaylor Pit T, ASTER LST §. ..
. ° . ®
¥ = MODIS LST Mean X Airborne LST T o <
_301 %A ¢ . . , | : e O
Apr 18 Apr 19 Apr 20 Apr 21 Apr 22 Apr 23
Date and Time (UTC-7)
b) Gaylor Pit Tss vs. GOES Tpg C) Gaylor Pit T; vs. GOES Tp d) Gaylor Pit MODIS LST vs. GOES Tg
O 30 Feb 28, 2017 - Apr 30, 2017 Feb 28, 2017 - Apr 30, 2017 O 30 Mar 01, 2017 - Apr 30, 2017
) Tonow e Tair S . Mean MODIS LST & GOES Tz -
) ] —— 1 :
_E 20l 7 1:1 5 20 1:1 % 201 11
5 ‘é o ~— MODIS LST Range
2 E e o
C (] c . I'W.m
5 5 £ iR
= —101 £ —-101 = —-10 " “‘J»m‘:
@ P g @ ) ‘ 'ﬁ;?‘ J
=20 ¥ —201 o aka S-20{ "7 « B=-33°C
wn ; o W 0.
o 4 2 — o
S .l 5 L ¥ g L r2=0.69 °C
~30 -20 -10 O 10 20 30 30 -20 -10 0 10 20 30 ° "23 -20 -10 0 10 20 30
Snow Surface Temperature, C Air Temperature, C Mean MODIS LST (3x3 grid), C
20- e) Grand Mesa Temperatures (Mar 01, 2017 - Mar 05, 2017)
—— Grand Mesa West T4 ® MODIS LST Mean
----- Grand Mesa West T,;, * GOES-16 (Band 14) Tg
10
o i
8 0 . ',,';“{ 3.“'\.*_._._.._ ....................................... ssssasans
] . & N
E ° ,\ i \
—_ . L]
9 -10 vo ’
& e !
& & . .
-20 .,5'. . (%: a‘. .
3 K :..‘.; .
~ g '2:.'.0 .
—30 IR I
. . . ] * % ]
Mar 01 Mar 02 Mar 03 Mar 04 Mar 05
Date and Time (UTC-6)
f) Grand Mesa West T vs. GOES Tp g) Grand Mesa West T, vs. GOES Tp h) Grand Mesa MODIS LST vs. GOES Ts
O 30 Feb 28, 2017 - Apr 30, 2017 30 Feb 28, 2017 - Apr 30, 2017 O 3 Feb 28, 2017 - Mar 30, 2017
o Tenow e Toir g - Mean MODIS LST & GOES Tg *”
_____ . Q —_———. . ’
% 20- 1:1 ,5 201 1:1 % 50 ~ " 1:1 //
= 5 5 ~~  MODIS LST Range -~
o E . g_ ,//’
% 10+ g- 101 i £ 10 1 -
— @ -~ (o \.J’i’
wn [ o+ : %) L
$ 0 wn 0 $ 0 '.‘:."32{’:—“ e i
E $ e E }.: ."/1 Fresi® ’_L.,_(
_C E _C ) ""‘b4. L." - 1
'8‘_10’ o-l...s‘ £ _10! _?_107 o
m * ; 'g, m '.I’/’ . * -
} [an] ¥ S ° °
= —20-#"-‘.‘:':9:'-_ ! 20 = —20] ' B=-3.2°C
0 PR RY Q i r2=0.48 °C
O ~ L O : e, b o . )
) —-30 ’ : i N W e . ; _ 4 ; S 'L“I S0 & . . (O] —-30 T T T T T
-30 -20 -10 O 10 20 30 -30 -20 -10 O 10 20 30 -30 -20 -10 O 10 20 30

Snow Surface Temperature, C Air Temperature, C Mean MODIS LST (3x3 grid), C

Figure 4. Following correction for terrain parallax, observations from GOES-16
captured the fine scale temporal patterns of surface temperature at each mountain
study site. Comparisons of terrain-corrected GOES-16 ABI band 14 (11.2 um)
brightness temperature, MODIS (Terra & Aqua) Land Surface Temperature (LST),
(airborne TIR over Tuolumne), and in situ snow and air temperature for a-d) Gaylor
Pit meteorological station in the Tuolumne River Basin, California, and e-h) Grand
Mesa West meteorological station at Grand Mesa, Colorado. (Note that the coldest
GOES brightness temperatures correspond to retrieving cloud-top temperatures and
have not been filtered out)

Future Work:

* NASA SnowEx 2020 field campaign, providing ground
and airborne TIR observations coincident with GOES-East, §
GOES-West, MODIS, ASTER, VIIRS, and Sentinel-3 ‘

* Orthorectify GOES imagery with parallax correction method

« Compare TIR observations at multiple spatial and temporal resolutions, and how
well they capture surface temperature heterogeneities over mountain terrain

* Test multi-satellite sensor fusion methods including statistical downscaling
models and spectral separation
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