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1 Basic ldea

The total water vapour algorithm relies on a satellite radiometer (SSM/T2, AMSU-B) measurement
of the brightness temperature at three different frequengjes, vy at which the ground emissivity

&s is similar but the water vapour absorption is different< K; < Ki (Ki is the water vapour mass
absorption coefficient at frequenuy).

Then the following relation between the brightness temperatures at the three frequénciés;,

Thk, and the total water vapour (TWWV, can be derived\{liao, 1 , ]
Tbi — Tb,j — bij )
lo =1n : ’ = Cop+CciWsed 1
e (Tb,j —Tox — bjk @

whereb is the sensor’s viewing zenith angt®,andc; are parameters depending on the water vapour
absorption coefficients and the “bias” teriing, bjj ),

H
bij %/0 [eTi(Z,H)SECﬂ_eTj(Z,H)Se(Q] d-l(_j(zz) dz 2)

contain the influence of the atmospheric temperature and water vapour profiles, which, however, is
rather weak for typically low water vapour contents of the polar atmosphere.
Equation (

2 AMSU-B

AMSU (Advanced Microwave Sounding Unit) is a microwave radiometer on the new generation
polar orbiting satellites of NOAA (National Oceanic and Atmospheric Administration), NOAA-15,
NOAA-16 and NOAA-17. AMSU consists of two modules, AMSU-A and AMSU-B, which are very
similar to the SSM/T1 and T2 (Special Sensor Microwave) on the DMSP (Defense Meteorological
Satellite Program) satellites, but have a much better spatial resolution. The spatial resolution at nadi
of AMSU-B is about 16 km, the swath width is about 2068 km.

AMSU-B has five channels in the range 89-182 GHz. Details are in the following table.

Table 1: The channels of AMSU-B ordered by increasing water vapour absorption coefficient.
] Freq. [GHZ] H 89.0 (91.655)\ 150.0\ 183.347 \ 183.3H-3 \ 183.311 \

AMSU-B Band 16 17 20 19 18

practical label 1 2 3 4 5

Channels 16 (89 GHz) and 17 (150 GHz) are window channels, the remaining three, 18, 19, anc
20, are centred around the strong water vapour absorption line at 183.31 GHz, channel 18 beinq
most, channel 20 least sensitive to water vapour. Note that we preferably label the five bands by the
numbers 1 to 5, with increasing water vapour absorption. This labeling is identical to the names of
the corresponding SSM/T2 bands.
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3 Calibration of the Algorithm

The calibration of the algorithm, as mentioned above, needs simulated AMSU-B brightness temper-
atures and radiosonde profiles (temperature, humidity). For the simulations, we used the radiative
transfer model ARTS (Atmospheric Radiative Transfer System), a modular, customizable program
that has been (and still is) developed at IUP (Atmospheric Sounding Group). ARTS here uses the
Rosenkranz absorption model (continuum and lines) fg® HO,, N> (but can also use all other
standard absorption models).

The calibration procedure does the following steps

1. e Use radiosonde profiles, integrate TWV from them

e Simulate AMSU-B brightness temperaturés T, T3, T4, Ts (where the numbers de-
note the following frequencies: 89.0, 150.0, 18813 183.3t3, 183.3t7) for a range of
ground emissivitiess for each radiosonde profile @< €5 < 1.0 in 11 equidistant steps).

2. Select three channelsj, k

3. Linear fit of ATjj vs. ATjx for each radiosonde profile (11 different emissivities), whTg =
Tbi — Th,j

4. Find focal point(Fjx,Fj) = (bj, bij) as point of least square distance from all fitted lines

5. Linear fit of TWVsed® vs. Inn¢ =1In <AA1T;i:lljjjk) yields the required calibration constadg

C, for the retrieval algorithm:

TWVsed =Cy+CylInne (3)

The four calibration parameters were determined separately for different zenith @ngles
By selecting different frequency tripl€g j, k) and different subsets of radiosonde profiles, the algo-
rithm is adapted to different ranges of TWV:

o Low TWV (< 1.5 kg/n?): (i, j,k) = (3,4,5)
e Medium TWV (1.5 kg/nt < TWV <6 kg/n?): (i, j,k) = (2,3,4)

The radiosonde profiles used were from WMO (World Meteorological Organization) radiosonde sta-
tions from the years 1996 until 2002. Only arctic stations close to the coast were used. For a list of
the stations see appendix

The calibration parameter sets thus derived are listed in appendix

4 Total water vapour algorithm

The core of the algorithm is of course (
The decision which channels to use is decided by testing the signs of the numerator and denominatc
of the argument of the logarithm: They have both to be negative. This means that the condition

Ta—Ts < F45 (4)



has to be met for the algorithm to be applied to channels 3, 4, and 5; otherwise, channels 2, 3, and -
will be used. The algorithm cannot yield results any more if

Ta—Ta3<F34 (5)

In this case, the algorithm is set to yield the value “not a number” (NaN) which represents a TWV

value above about 7 kg/n
The IDL implementation of the algorithm and of the subroutine that reads the calibration parameters

files can be found in appendix
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B CALIBRATION CONSTANTS FOR THE ARCTIC

B Calibration constants for the Arctic

B.1 Channels 3 (AMSU-B 20), 4 (AMSU-B 19), and 5 (AMSU-B 18) — Low

TWV

HTFHEHFEHEHH

theta

1.667

5.000

8.333
11.667
15.000
18.333
21.667
25.000
28.333
31.667
35.000
38.333
41.667
45.000
48.333

B.2 Channels 2 (AMSU-B 17), 3 (AMSU-B 20), and 4 (AMSU-B 19) — Higher

CO
15
5.7769835e-01
5.7787997e-01
5.7655001e-01
5.7526100e-01
5.7284611e-01
5.7066375e-01
5.6816792e-01
5.6442446e-01
5.6044602e-01
5.5856198e-01
5.5857372e-01
5.6449759e-01
5.6612736e-01
5.7348484e-01
5.7661337e-01

TWV

# Calibration constants for TWV algorithm (per theta)
# for TWV range:
# and channels [i,j,K]:

# derived from simulated AMSU-B Tbs in /plattel/melsheim/twv-algo/result-arctic-coastal-statit

# number of thetas

# theta

1.667
5.000
8.333
11.667
15.000
18.333

CO
15
5.7769835e-01
5.7787997e-01
5.7655001e-01
5.7526100e-01
5.7284611e-01
5.7066375e-01

0.00000

0.00000

3 4

C1

1.0241828e+00
1.0230488e+00
1.0231881e+00
1.0224001e+00
1.0220487e+00
1.0198721e+00
1.0159817e+00
1.0123206e+00
1.0047246e+00
9.9057138e-01
9.6918279e-01
9.3354315e-01
8.9602447e-01
8.3936876e-01
7.7232462e-01

3 4

C1

1.0241828e+00
1.0230488e+00
1.0231881e+00
1.0224001e+00
1.0220487e+00
1.0198721e+00

Calibration constants for TWV algorithm (per theta)
for TWV range:

and channels [i,j,k]:
derived from simulated AMSU-B Tbs in /plattel/melsheim/twv-algo/result-arctic-coastal-stati
number of thetas

1.80000

5

PX

4.8233519e+00
4.8368535e+00
4.8638391e+00
4.9042516e+00
4.9588661e+00
5.0289974e+00
5.1080680e+00
5.1928587e+00
5.2495990e+00
5.2545843e+00
5.1741438e+00
4.9440069e+00
4.6950302e+00
4.3526554e+00
4.0537467e+00

1.80000

5

PX

4.8233519e+00
4.8368535e+00
4.8638391e+00
4.9042516e+00
4.9588661e+00
5.0289974e+00

Py

4.6147237e+00
4.6402364e+00
4.6919088e+00
4.7698755e+00
4.8770490e+00
5.0183492e+00
5.1865354e+00
5.3774190e+00
5.5340323e+00
5.6040668e+00
5.5097914e+00
5.1048703e+00
4.6297731e+00
3.9311612e+00
3.3229454e+00

Py

4.6147237e+00
4.6402364e+00
4.6919088e+00
4.,7698755e+00
4.8770490e+00
5.0183492e+00



B.2  Channels 2 (AMSU-B 17), 3 (AMSU-B 20), and 4 (AMSU-B 19) — Higher TWV

21.667
25.000
28.333

5.6816792e-01
5.6442446e-01
5.6044602e-01

1.0159817e+00 5.1080680e+00 5.1865354e+00
1.0123206e+00 5.1928587e+00 5.3774190e+00
1.0047246e+00 5.2495990e+00 5.5340323e+00

31.667
35.000
38.333
41.667
45.000
48.333

5.5856198e-01
5.5857372e-01
5.6449759e-01
5.6612736e-01
5.7348484e-01
5.7661337e-01

9.9057138e-01
9.6918279e-01
9.3354315e-01
8.9602447e-01
8.3936876e-01
7.7232462e-01

5.2545843e+00
5.1741438e+00
4.9440069e+00
4.6950302e+00
4.3526554e+00
4.0537467e+00

5.6040668e+00
5.5097914e+00
5.1048703e+00
4.6297731e+00
3.9311612e+00
3.3229454e+00
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