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Principle of Microwave Land Remote Sensing

Emission-based radiative transfer equation:

T, =eT, exp(—z,/ u)+T,+A—&)T, exp(—z,/ 1)

I

T, =T.1-A—-&)Y?’]-ATA-V)[1+@A—-&)Y]

If atmosphere Is transparent like a glass window, then Y =1

TIO — 5TS

Brightness temperature is a linear function of surface emissivity!

This is a basic principle for microwave remote sensing of land surface property.



Microwave Transmissivity Spectrum
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BT Sensitivity to Surface Emissivity

B Ts = 230 K and TFW = 0.5 mm -
" Freq Fs = 600 (zuh) Ps = 1000 (k) o
(zHz) TAE) T ATalE) TAE) T ATalE)
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AT, =7(T. - T,)Ae, Ac=0.04

Surface emissivity uncertainty of 5-10% will produce
brightness temperature uncertainty up to several degrees!




Atmospheric Transmittance ()

Atmospheric Transmittance at 183.3 + 1 GHz
Atmospheric Transmittance ot 183.3 £+ 3 GHz

A typical channel for atmospheric profiling can become surface
sensitive in certain conditions (e.g. dry moisture, high elevation).




Satellite Microwave Window Channels

* SSM/I'19.35, 37, 85.5 GHz

« AMSU 31.4, 50.3, 89, 150 GHz

e TMI 10.7, 19.35, 37, 85.5 GHz

* AMSR-E 6.6, 10.7, 19.35, 37, 85.5 GHz
* SSMIS 19.35, 37, 50.3, 90, 150 GHz
 Windsat 6.6, 10.7, 19.35, 37 GHz



Retrieval of Microwave Land Emissivity
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Required Data Sets

® Satellite microwave brightness temperatures
(F-14 SSM/I)

® Atmospheric temperature and moisture profiles
(GDAS, AMSU-A/B)

® | and surface temperature
(GDAS, AVHRR)

® Precipitation screening
(AVHRR, Scattering Index)



Multi-Sensor and NWP Data Sets

SSM/I Antenna Temperature at 19:36 GHz
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GDAS Atmospheric Total Precipitable Water




SSM/I Land Surface Emissivity (v-pol) at 19.35 GHz
March 1999




SSM/I Land Surface Emissivity (v-pol) at 37.00 GHz
March 1999

misEsing




SSM/I Land Surface Emissivity (v-pol) at 85.50 GHz
March 1999

rodmsing




Polarization Difference (19 GHz)

Emizsivity Difference {v—h) at 19.35 GHz
March 1998
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Polarization Difference (37 GHz)

Emisz=sivity Difference (v—h) at 37.00 GHz
March 1988

rodmsing




Land Surface Emissivity at 85 GHz Derived from

April 1999

b S

May 1999




DMSP SSM/I Emissivity Climatology (1992-
2006) at 37.0 GHz H-Pol

DMSP SSM/T Emissivity Climatology (1992—2006) at 37.0 GHz H-POL
Jan. 1 —~ Jano. 5




Global Land Emissivity Characterization
SSM/I Fifteen Year Time Series

Findings:

o Large seasonal change at higher frequencies

e Large polarization difference for several surfaces
such as desert, snow, flooding

 Deserts appear as a scattering medium

SSM/I surface emissivity climatological data set is developed at
various time scales (e.g. pentad, weekly and monthly, anomaly).

SSM/I sensors from F10 to 15 satellites are intercalibrated to a
reference satellite (F13).




Microwave Emissivity (V-POL)
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Microwave Emissivity (H-POL)

Mean Emissivity Spectra over North Africa
H-POL

North Africa Emissivity Spectra (January 1, 2009)
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Surface emissivity spectra at a viewing angle of 53 degree
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Microwave Emissivity Spectra over Various
Surface Conditions (cont.)

By considering

e Open water —two-scale roughness theory

« Canopy —Geometric optical scattering

« Bare soil — Coherent reflection and surface roughness
e Snow/desert — Dense medium scattering

We obtained the following conclusions:

Model-simulated microwave emissivity spectra is qualitatively
consistent with satellite and ground-based retrievals. Deserts is

treated as scattering in order to produce observed characteristics
from satellite.




Land Emissivity Summary

v’ Land emissivity is

e highly variable over deserts and large polarization
difference

* highly variable for snow conditions

* high values over vegetated land (> 0.9)

v The uncertainty on retrieved land emissivity is larger at
channels near water vapor and oxygen absorption lines



Significance of Microwave Remote Sensing of
Atmosphere

Validation of clouds predicted from forecast models
Useful for climate and radiation feedback studies
Complementary to the technology from visible wavelength

Temperature and water vapor profiles under all weather
conditions

24



Principle of MW Remote Sensing of Clouds

Emission-Based Radiative Transfer Equation:

T, =T exp(—z,/ ) +T,+Q—&)T, exp(—rz, / )
T, =T[1-A-&)Y’]-ATA-Y)[1+@A—-s)Y]

If atmosphere iIs isothermal, AT =0

T =T[1-(1- £)Y?]

T, Is a quadratic function of atmospheric transmittance which is
determined by cloud liquid and water vapor absorption.

This is a basic principle for microwave remote sensing of cloud properties!



Microwave Remote Sensing of Liquid Phase Clouds
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Emission-Based RTM

T =T[1- Q- £)Y~?]

Y =exp[-(z, +7, +7, )/ 1)}
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Emission-Based RTM (cont.)

Y =exp[—(z, + x,V +x, L)/ 1)

1 27,
K,V +KLL:—E In(T, —T,)—In[T,(A—¢&)]+ g

L =a, x[In(T, —Tb,l) —a, In(T, _Tb,z) —-a ]

V =buIn(T, - T, )~ b In(T, - T, ,) - b,]
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Cloud Absorption in Relation to Temperature
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AMSU on Board NOAA POES Since 1998




AMSU on Board NOAA POES
Since 1998 (cont.)

There are 20 channels divided into three sub-modules:

AMSU-AL1 - 13 channels located near the 60 GHZ oxygen

absorption band

AMSU-A2 — two window channels at 23.8 and 31.4 GHz

AMSU-B - two high frequency channels at 89 and 150 GHz,
and three channels near 183 GHz water vapor
absorption line

31



AMSU on Board NOAA POES Since 1998 (cont.)

The field-of-view size varies as the instruments scan crossing track.

AMSU-B (center dots only)
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NOAA-16 AMSU-A Radiance Asymmetry
(Channels 1, 2, 3, 15)

| 23.8 GHz

a _
= _
_E ------------------------ [
_E — —]
— 10 L L L L L
— B0 —4.0 — 20 ] =L 1 1]
Local Zenith Angle (degree)
10 T L T T T
<L 50.3 GHz i

1 1
— &G0 —40 —2g

1
}

1 1
=0 L1

Local Zenith Angle (dégree)

B30

35

,_.
w]

31.4 GHz

B0

< s -
£ 2
O
1]
B —2
3
g s
|_

— 10 1 1 1 L L

— B0 —01 — 20 o =0 R 17
Local Zenith Angle (degree)

10 T — T T
< .| 89 GHz |
S =
)
o) —=
3
£
O _—_at -
|_

— 10

1 1 1 1 1
—40 — 2 o = L1

Local Zenith Angle (degrée)

|
i+
3

B0



NOAA-16 AMSU-A Radiance Asymmetry
(Channel 1,2,3,15)
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AMSU Cloud Liquid Water

Before Asymmetry Correctio After Asymmetry Correction

NOAA-15
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Microwave Remote Sensing of Ice Phase Clouds

Brightness Temp. (K)

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Ice Water Path (mm)
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Cloud Ice Water Path Algorithm

(1o = By ™ = 7,6 ] = (1, - B)[F &) - e

| (7, 1) =

—k (71— 17p) _ k(71—179)
V1€ V3€
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Cloud Ice Water Path Algorithm

Asymptotic Limits:
1. Emission Approach
(7, 1) = B[I-(1-¢)e """ ]-[B(T,) - B(T)](1—e "")[1+(1-g)e "]

2. Scattering Approach:

1 (t,,
I(ro,u)=1+(§2;3) Q(y):/xlgeﬁl\,(xe,m)

References: Weng and Grody (2000, JAS), Zhao and Weng (2002, JAM)
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Brightness Temp [K]
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Same figures as those on the previous slide, but colored.

Millimgter—Wave lmaging Radiometer [MIR}
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ER-2 MIR, DC-8 ARMAR, MODIS

Simulator Measurements (cont.)
Advanced Microwave Precipitation Radiometer (AMPR)
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Definitions of Cloud Ice Water Path

Z, © Jr
r = j o|zjO ZDZQe(x,m)N(D)dD

IWP = [“dz |~ g D3N (D)dD

Q) = Y o (x,m)

40, D,

Q, =exp(b, +b In(D,)+b,(InD,)*



Cloud Ice Water Path
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Latituda

N18 IWP Monthly Average 2005-2008
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N18 IWP Monthly Average 2005-2008

Brightness temperatures from AMSU-B 89 and 150 GHz
are two primary channels for IWP and De

Retrieval algorithm was published in Journal of Atmos Sci
(Weng and Gody, 2000) and J. Appli. Meteor (Zhao and
Weng, 2002)

AMSU-A window channels are used for surface screening
The algorithm works for opaque ice clouds having IWP
greater than 0.05 kg/m?
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Atmospheric Sounding from MW
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Temperature Retrieval from
Linear Regression Algorithm
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1D-VAR Retrieval

® |In cloudy and precipitation conditions, the radiance
become a non-linear function of temperature

®* Also, we have more variables than channel
measurements (an under-deterministic problem)

® A prior or background information can help to formulate
an optical estimation
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1D-VAR Retrieval Algorithm

J(X):B(X—XO)T B (X—XO)} E(\(WY(X))T E* (Ym-Y(X))}

BICX) _ 1 ey
a(X)_J (X)=0

n+1

AX =!/[B1+KTE'K _1KTE_1 YTY(X ) |+K AX
{( n “j n H:[ n j n n}

1
g n+1={BKI(KnBKI +Ej }[(Ym —Y( xn))+Kn)§| n]
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MW 1D-VAR System for Atmospheric Sounding
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Hurricane temperature Structure from
Two RT models

Latitsce

Letizude

T(850hPa) — Scattering T(850hPa) — Emission only

Izabel Temperature at 850 hFa on 12th September, 2003 (1dvar) laabel Temperature at 859 hPa on 12th September, 2003 (ldvar.cmizaion)
sU T T T T T T T T T T T T T T ) T T T T T T T T T T T T T T
8= — ] o —
28— = 28— =
27— = 27 [— =
26— — 26— —
25— - — 25— . * —
— s * » —
Zi— — 24— —— —
ki >
5= = o 2E— —
==
22= Rt — T 22— — —
Z1 - 21
—— i
7o — | 7ar — 4
18— = 1 — =
18— -+ 7 13[ -* 7
17— — 17 —
16— B — 15— - —
15 1 I 1 1 I I I 1 I I 1 1 I I 1o 1 I 1 1 I 1 1 I 1 I 1 I 1 1
-85 —64 -—-53 —-82 —-61 -60 —-50 —-58 —-57 -—-5§ -5% -51 53 —-52 —-H1 & —£5 —61 —-83 -2 —61 —-60 —-B0 —-58 —57 —-5§ —-55 -54 —-53 52 —51 -50
Lengitude Longitude
| T T T
ELEY 242 245 FAG
. . .
T(200hPa) — Scattering T(200hPa) — Emission only
lanhel Temperatiire at 200 kPa on 12th September, 2003 (1."hmr: Isethel Ternper ~ at 200 hM'a on 17th September, 2003 (1dv‘1r,ﬁmiqm'mn)
T L 2 s R e e e [— =
2g _l
o8
27
76
0
24
23 b
22 E
21
20
1%
18
17
[
15
-g3 —G4 —GI —02 —G1 —G0 —-38 —30 —97 —56 —3% —5% —93 —52 -5 -§5 —G4 —0F —62 —G1 —G0 —58 —50 —57 —56 —5% —5% —53 —52 —51 —50
Longitudo Longitudc

53



Validation of TPW Retrieval Using Radiosondes
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Summary of MW Remote Sensing of Atmosphere

1. Microwave Absorption Bands
— 02 (50-60 GHz, 117-120 GH2z),
—  H20 (176-190 GHz)
— Used for sounding of temperature & humidity
2.  Microwave Cloud Algorithms
—  Emission: cloud liquid water/total precipitable water
—  Scattering: Ice water path/ particle size
3. Microwave Sounding Algorithms:
— simultaneous retrievals from ldvar
—  All weather profiling requires scattering rt model
— Accurate surface emissivity model
4. Main Applications:
—  NWP data assimilations
— Hurricane monitoring
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