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KFAS

Objectives

= Kuwait represents a Unique site in Arabian Peninsula with Unique
Desert features (Bare soil and low topography).

= This offer a unique opportunity to study the relationship between
microwave frequency, SM, and roughness.

» Designed extensive field campaign to assess the performance of
radiative transfer model in such Desert Conditions at different freg. and
(H&V) polarization

= Simulation of different satellites TB’s (from1.4 GHz to 19 GHz) then
were compared with observed TB,s from (SMAP, AMSR2, SMOS, SSMI)
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K KRS Soil Moisture Variations (6AM)
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Variation of Volumetric Soil Moisture (SMAP/SMOS/Sensors) at 6AM
Rain events
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<L s Soil Moisture Variations (6PM)
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Variation of Volumetric Soil Moisture (SMAP/SMOS/Sensors) at 6PM
Rain events & In-situ measurements
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s NASA SMAP Kuwait test site
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= annual rain fall is 116 mm (28- - - -
260 mm)

=Evaporation rate (4.6 mm/day in

- January to 22.9 mm/day in June . :
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@S NASA SMAP Kuwait test site
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The test site of 36 km by 36 km with
14 soil types showing 6 in-situ stations
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Legend Soil Type Area (3g.Km)

Cp3 Calcic Petrocaleids - Petrocaleie Petrogypsids complex, nearly 205
level

Cpl6 | Calcic Petrocaleids - Typic Petrogypsids complex, nearly level 63.03

Cp07 Calcic Petrocaleids - Typic Tompsamments complex, plain, 146.62
nearly level

Cpl% | Typic Petrocaleids - shallow, gently sloping 2933

Cpl0 | Typic Petrocaleids - Caleic Petrocaleids complex, nearly level 3315

Gpl3 | Petrocalcic Petrogypsids - shallow, nearly level 33193
Petrocalcic Petrogypsids - Caleic Petrocaleids complex, neary 184

Gpl7
level

Gpl0 Petrocalcic Petrogypsids - Typic Petrogypsids - Typic 191
Tompsamments complex, nearly level

Gpll Petrocalcic Petrogypsids - Typic Tompsamments complex, 204 86
nearly level

Gpld | Typic Petrogypsids - strongly sloping 26.38

Gpl6 | Typic Petrogypsids - Caleic Petrogypsids complex, nearly level 149.76

Gpl% | Typic Petrogypsids - Typic Haplocaleids complex, nearly level 193.92

Ts01 | Typic Tompsamments - smooth surface, gently sloping 6.12

05 Typic Tompsamments - Caleic Petrocaleids complex, 36.83

moderately steep
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Y i Intensive Field campaigns
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"W KRAS Spatial Variation of Soil Moisture
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Spatial Variation of Volumetric Soil Mositure (20 Feb 2016) Vohumetric Soil Mositure Variation (20 Feb 2016)
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I Join Variation of Soil Moisture with Elevation

Sample points vs Elevation & VSM (20 Feb 2016) Sample points vs Elevation & VSM (19 Mar 2016)
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= study area gently sloping from North-East to South-East (from 140 m to
220 m)

I Masdar 4 BKISR

Rusl ‘“‘“‘“ "‘M “"F‘”
INSTITUTE




:EKFQS Temporal & Spatial Stability of Soil Moisture

Mean Relative Difference Plot for Intensive field trip (20 Feb 2016) Mean Relative Difference Plot for Intensive field trip (19 Mar 2016)
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MRD value of £0.005 for both intensive field campaigns, covering the day time
from 7 am till 6 pm. This indicates the spatial and temporal stability for the change
of soil moisture from early morning until evening
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KA - Simulation of Tb’s for Bare Soi1l Model
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Smooth surface

Satellite Incidence Angle - reflectivity
(Fresnel Equation)

Satellite ‘s
Operating

Microwave
frequency

Dielectric Constant of
Soil Solid Mixture
(Soil, Water, Air)

[Dobson Model]

Bulk density,
’ Z Sand/Clay fraction,
Specific density,
Volumetric Soil
Moisture , Soil
Temperature
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Rough surface emissivity
. (Chaudhary et.al 1979)

Brightness Temperature

Soil Roughness
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P v Satellite Grids over Kuwalit test site

M Vasdar

; hod Land Surface
Legend .. | Frequency | Incidence | *Gridding :
satellite Pass time Satellite (GH2) Angle (km) Over Pass time TemEeSr_Ie_lture
(degree) ( )
SMAP 6pm&6am
SMOS 6AM Ascending/ ECMWF/ERA-
AMSR2 1:30PM 6pm Interim/Land at
SSM/I 6:30PM SMAP 141 40 36 x 36 - 6pm
Descending/
6 am MSG at 6am
it el WA B e
SMOS | 14 425 | 15x15 9 {interim/Land at
6pm
6pm
6.9, 7.3, Ascending/ MODIS(Aqua)
RMBRCL (05 Ta 7P R RAZED 1:30pm at 1:30pm
ek ECMWEF/ERA-
SSMII 19 53.1 25 x25 ENAINGE 1 | nterim/Land at
6:30pm
6pm
Brightness temperature is simulated using the thermo-gravimetric
volumetric soil moisture data taken during the Intensive field

campaigns over the test site and a comparison study is carried out
between the observed brightness temperature from different satellites
like SMAP, SMOS, AMSR-2 and SSM/I with the simulated brightness
temperature.
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w‘“ﬁ‘f - Comparison between ECMWF & MERRA 2

ECMWF vs MERRA 2 (February and March 2016)
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¢ KFAS Input /Output Parameters for TB Simulation
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20 FEB 2016
Satellte | OverPasstime Fr(eé;l{:;q I;::::e 1}3:::;- fs’“.d Clay | pgpecy | 15T (Soume’ | VSM R;lfi;m ObservedTor | - ooy | OO Tl | o Ton
raction | Fraction Time) (m? m¥) "K) "E)
(genr’) (em) ('E) ('E)
SMAP
(20 Feb 16 EAM_ 141 40¢ 1.75 0.87 0.03 20.68 MSG/ 0.040 0.750 278.19 277.95 24020 154.68
6AM) (Descending) 6AM
1.63 0.85 0.05 2116 0.041 0.800 297.85 281.67 260.86 256,54
1.73 0.85 0.05 21.09 0.044 0.800 316.88 279.11 276.53 253.00
1.72 0.78 0.06 2217 0.050 0.800 319.75 27834 270,54 251.28
1.72 0.94 0.03 2304 . 0.053 0.829 317.10 277,74 270.31 250.99
{lgjll:'leobslﬁ 6PM 1.65 0.81 0.03 21.85 E(i;:“;ﬂ 0.028 0.750 306.47 284.70 271.99 26124
6P) (Descending) 14 41.5° 1.82 0.87 0.03 2098 6P 0.038 0.800 324.80 280.65 27744 255.61
) 1.94 0.87 0.04 21.06 : 0.039 0.800 330,18 279.62 28117 253.84
1.86 0.84 0.06 2255 0.034 0.829 332.22 283.46 27113 250.64
1.92 0.94 0.03 21.80 0.029 0.700 326.78 283.22 272.28 256,97
1.83 0.89 0.04 21.69 0.041 0.829 335.55 280.63 271.29 255,57
1.68 0.94 0.03 3550 0.036 0.550 294,59 301.80 245,08 24518
1.72 0.82 0.02 37.06 0.051 0.731 294.65 300.59 248.75 248.33
6.9 1.65 0.81 0.03 3716 0.030 0.500 294.80 304.88 247.24 248.41
1.54 0.78 0.06 36.28 0.041 0.650 295.50 302.63 250.84 250.35
1.68 0.94 0.03 3550 0.036 0.638 301.88 0243 250,28 250.67
1.72 0.82 0.02 37.06 0.051 0.800 298.63 0131 252.11 252.61
AMSR? 73 1.65 0.81 0.03 3716 0.030 0.500 290,34 30518 251.49 251.56
(20Feb 16 1:30PM 1.54 0.78 0.06 36.28 MODIS 0.041 0.700 298.08 303.02 254.00 253.39
1:30PM) (Ascending) 55¢ 1.68 0.94 0.03 3550 /1:30PM 0.036 0.587 296.69 302.64 248.75 249,17
1.72 0.82 0.02 37.06 0.051 0.800 295.91 302.07 253,78 254.15
10.7 1.65 0.81 0.03 3716 0.030 0.500 297.18 30532 249,96 249,90
1.54 0.78 0.06 3628 0.041 0.700 296.41 303.58 254.25 254.90
1.68 0.94 0.03 3550 0.036 0.600 296.17 304.06 254.35 25417
1.72 0.82 0.02 37.06 0.051 0.829 295,76 304.16 262.65 250,99
18.7 1.65 0.81 0.03 3716 0.030 0.500 295.70 306.55 156.69 256.52
1.54 0.78 0.06 36.28 0.041 0.750 296.19 305.20 261.15 261.61
1.66 0.85 0.05 2234 . 0.050 0.829 285.60 290.72 260.70 254,18
{ISS}S":;IIE 6:30PM 1.59 0.87 0.04 22.75 E(g?;ﬂ 0.042 0.800 285.30 292.00 260.60 250.49
l I I 6:30PM) {Ascending) 19 53.1° 1.65 0.81 0.03 2237 6PM 0.026 0.750 285.90 292,98 260.10 250,74 K ‘
| I Masdar 1.74 0.94 0.03 21.85 0.037 0.700 285.50 290.86 260.70 252.07 A:K '@ KISR
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I L Input /Output Parameters for TB Simulation
19 MAR 2016
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Satellite Ore.r Pass | Frequency I.ncidem{:e D]:::l:n' Sm!i Cla?' L{ST LST . ‘;5111 RTI‘E::I:“ 0‘3;\::' ed T Gb;::ed Sim
time (GHz) Angle (gem?) Fraction | Fraction (°C) (Source/Time) (m* m) (cm) (%) (%) () ;IDIIJ?)
SMAP
(18 Mar 16, GA'“_ 141 40° 178 0.87 0.03 26.27 MSG/ 0.045 0.650 278.03 17941 | 24890 | 25212
64\ (Descending) 6AM
SMAP 6PM ECMWE/
(18 Mar 16 (Ascending) 141 40° 1.78 0.87 0.03 2741 FRA/ 0.045 0.850 28574 18413 | 260.84 | 261.70
6PM) 6PM
1.78 0.85 0.05 26.14 0.047 0.850 29785 18371 | 269.86 | 258.03
1.00 0.85 0.05 28.00 0.057 0.800 316.88 180.81 | 17653 | 25146
1.78 0.78 0.06 27.50 0.054 0.819 319.75 182.60 | 279.54 | 25516
1.87 0.94 0.03 26.89 . 0.044 0.750 317.10 28315 | 27932 | 25484
(IQS::::"SIG 6AM 1.89 0.81 0.03 2841 E?I;:H 0.051 0.750 306.47 28175 | 271.99 | 252.00
64M) " | (Ascending) 14 42.5° 1.94 0.87 0.03 27.95 6AM 0.051 0.850 324.89 18359 | 27744 | 256.67
2.03 0.87 0.04 26.67 0.042 0.800 330.18 183,57 | 28117 | 25647
201 0.84 0.06 27.59 0.037 0.829 33122 286.46 | 27113 | 261.00
1.87 0.94 0.03 27.56 0.037 0.750 326.78 286.02 | 27128 | 250.01
1.86 0.89 0.04 27.18 0.029 0.800 33555 296.70 | 27129 | 261.34
2.00 0.94 0.03 39.76 0.038 0.600 209,51 30428 | 24764 | 246.78
1.87 0.82 0.02 39.3 0.047 0.731 209.44 30311 | 25041 | 250.81
6.9 1.83 0.81 0.03 38.86 0.041 0.650 100.87 303.96 | 249.71 | 249.60
1.99 0.78 0.06 39.12 0.053 0.800 300.19 301.74 | 250.86 | 251.39
2.00 0.94 0.03 39.76 0.038 0.650 302.27 304.75 | 251.65 | 250.13
1.87 0.82 0.02 393 0.047 0.800 302.08 303.80 | 25438 | 25505
R . 73 1.83 0.81 0.03 38.86 0.041 0.700 302.79 30441 | 253.65 | 25278
(].;-‘lllsal:-lﬁ (iifeii::g) 55° 1.99 0.78 0.06 39.12 MODIS /1:30PM 0.053 0.819 302.88 302,12 | 25519 | 253.26
1:30PM) 2.00 0.94 0.03 39.76 ) : 0.038 0.700 300.83 30565 | 253.60 | 25437
1.87 0.82 0.02 393 0.047 0.800 300.89 0444 | 256.69 | 25637
10.7 1.83 0.81 0.03 38.86 0.041 0.700 301.09 30496 | 25477 | 25409
1.09 0.78 0.06 35.12 0.053 0.819 301.77 302.87 | 25653 | 254.63
2.00 0.94 0.03 39.76 0.038 0.800 300.27 307.54 | 263.63 | 263.03
1.87 0.82 0.02 39.3 0.047 0.829 299.87 306.29 | 269.65 | 261.69
18.7 1.83 0.81 0.03 38.86 0.041 0.829 300.05 307.07 | 264.60 | 264.43
1.99 0.78 0.06 39.12 0.053 0.829 30031 304.84 | 268.97 | 258.60
1.90 0.85 0.05 27.39 . 0.049 0.829 289.60 29443 | 26540 | 25524
(]95\511::-[ 16 (if;i::g) 1.83 0.87 0.04 26.79 E?];:” 0.042 0.800 288.00 29484 | 264.00 | 256.53
I I I 5:3'01,“) 19 510 1.83 0.81 0.03 28.31 6PM 0.044 0.750 289.90 19563 | 26580 | 25438 b ‘
I I Manar ] 197 [ 084 [ o0 27.85 ) 0028 0700 | 29000 [ 29670 | 26450 [ 256.90 s @ KI SR
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KPS - Observed & Simulated Brightness Temperature
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KFAS

Iy | RFI1 Probability / SMOS blog

Pr b bI ity of s ined hard RFI o ences (no outliers detection) for 20131 7 + 07 days period
from BB post-pro sing of OPER!HEPR SML2 UDP & DAP - DESCENDING only pas = Dual & Full polarizations products
I I I I

Radio-Frequency Interference (RFI) in SMOS
context are artificial emissions made within the
1400-1427 MHz band

RFI presence
blue very low probability
red very high probability

httbs:oﬂwmw.cesbio.ués—tlse.fr!SMOS 5i::log
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o RF1 Characterization / SMOS blog

o The color of each RFI is proportional to its averaged BT.

o As RFI BTs are the sum of the natural thermal noise and the
artificial emission, BT lower than 300K are not represented.

o The maximum of the color bar is fixed at 10000K in all
images for consistency, but in many cases stronger RFI are
present.

o The size of each point is proportional to RFI persistence in
SMOS data, i.e. the number of times the RFI was detected.
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KFAS

Conclusions

» The simulation of the brightness temperatures from the forward radiative transfer
model of brightness temperature are mostly impacted by soil moisture after accounting
for surface roughness and soil temperature contributions.

» The SMAP 1.4 GHz brightness temperatures agree with simulated brightness
temperatures from the forward model for both vertical and horizontal polarizations.
The SMAP radiometer has RFI detection and mitigation capabilities and therefore it is
less affected.

* The lower frequency microwaves show greater dynamic range and match with
simulated brightness temperatures with in situ field measurements as input.
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Conclusions

NASA SMAP Kuwait test site / only Test Site in Arabian
Peninsula /Unigue Desert features and Electromagnetic Noise

= The SMOS 1.4 GHz measurements are apparently affected by RFI and have considerably
higher brightness temperatures.

= At mid-range microwave AMSR?2 frequencies, the vertical channel measurements are
uncorrelated with the forward model simulations with in situ inputs but the horizontal
polarization satellite measurements are well correlated.

= At the highest AMSR2 and SSMI frequencies (18.7 and 19 GHz respectively), even for bare
soils, the satellite measurements at both polarizations cannot track changes in surface soil
moisture due to both model sensitivity and atmospheric effect.
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