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Abstract

Satellites observing and measuring the Earth’s surface with electromagnetic waves are subject to atmospheric path delays.
These atmospheric effects on radar signal propagation modify the signal velocity and direction and can be considered by
simple modeling. In order to increase the geolocation accuracy of spaceborne SAR applications we developed a software
tool that accounts for atmospheric path delays. Well-calibrated spaceborne ENVISAT-ASAR data are used to investigate
improvements to knowledge of the geometry of the scene.

1 Introduction Total Electron Content (TEC) specifies the number of free
electrons in a column of 42 along the signal path. TEC
Knowledge of range and azimuth in spaceborne SAR hasnits (TECU) arel0'6 electrons perm?2. TEC is usually
improved in recent years. Regarding geometric accuracyow at night and highest at about 14:00 local time, when so-
the importance of atmospheric path delay increases as wedr radiation is approximately two hours past zenith. This
with continuing improvements to the resolution of SAR two hour shift depends on the time light needs to ionise the
systems surveying the Earth and other planets. Contribuayer to the maximum.
tions of path delay of the atmosphere must be respected ithe degree of ionisation or the number of free electrons
order to be able to get an atmosphere-independent geolinteracting with the traversing signal causes a path delay
cation accuracy in the range of approximately one metethat depends on the signal’s frequentyThis dispersive
This motivated a study dedicated to geometric error budbehaviour can be used to estimate the TEC along the path.
get analysis for the upcoming of the TerraSAR-X satelliteGPS stations, for example, measure the time delay at L1
[1]. and L2 frequencies, calculate over a network of receiv-
Atmospheric path delay contributions are mainly due taing stations global TEC and provide GPS users with iono-
ionospheric and tropospheric influences. At X-band fresphere correction terms through the navigation message.
quencies, ionospheric path delay can amount [1] to up to Daily maps of global TEC are published on the internet
m and tropospheric delay up to 3 m only for propagation(e.g.www.aiub.unibe.ch/ionosphere/ ).
from the satellite to the Earth. For SAR systems this deBased on [2], one can describe the path de\aly;,., s4r
lay can add up to 16 m, when one compares two way patthrough the ionosphere for electromagnetic waves travel-
delays between ascending / descending acquisition geomggg from a satellite to the Earth and back by:
tries.
The mostimportant contributions ca_used py the ionosphere AUipnosar =2 K - # 1)
and the troposphere are described in sections 2 and 3. Sec- J? - cosaofind
tion 4 discusses path delays of a well-calibrated ENVISAT-
ASAR scene calculated with the newly developed soﬁware-{ he factor , .
tool. In the last section conclusions and recommendation$n- @offNd [degregds] denotes the satellite off-nadir an-
are made. gle, and K= 40.28 {-] is a refractive constant [2]. Path
delays for X-band frequencies can be in the range of up to
2 m for propagation through the ionosphere to the Earth
2 lonospheric Delay and back. Estimating a total path delay for spaceborne
SAR applications, one has to consider additionally that as-
The ionosphere located at a height of approximately 50 kneending (ASC) / descending (DSC) intercomparisons dou-
- 1500 km is characterized by the existence of free elechle the effect of the error! Predicting or extrapolating TEC
trons and ions that define the refractive index in this areas difficult due to the high variability of the ionosphere.
The degree of ionisation is caused mainly by solar UV raAn approach for a global TEC prediction model, looking
diation and depends on the local atmospheric density. Thi®r a few days into the future was developed by [3]. The

—- accounts for the slant range direc-
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basic idea is to extend the Klobuchar model [4] that estiwet component accounts for the water vapour while the lig-
mates TEC using a daily cosine function, with periodic pa-uid component considers the liquid water content (clouds,
rameters that influence the daily TEC. According to meadroplets) along the signal path. Due to its small contribu-
surements, it is mainly the periodicity due to the 11 yeation (at cm level)AW¥;;, 54z can generally be neglected
solar cycle, the lunar cycle and annual- and semi-annudbr SAR applicationsAW¥;,4 sar can be modeled in the
variations. Extrapolating and estimating a trend functiorzenithal direction according to [2]:

of this parameters leads to a stand-alone TEC prediction R
d

model that is implemented as an optional feature in the AVpygsar =210 6k, - 3)
software tool for SAR applications. The accuracy of this gm
stand-alone model for predictions over long time periodswith g,, the local gravity, the refractive constakit=77.6

is low due to the ionosphere’s variability. [--]and gas constant,=287 [ 7s]- For the measured
Figure 1 shows on the left (Figure 1a) an example ofsurface air pressurg,, the hydrostatic delay can be pre-
atmospheric path delay for a C-band ENVISAT-ASAR dicted with an accuracy of 1 mm [7].

IS7 scene acquired on January 22th 2003 at 9:29. Moda/et path delay can not be modeled as well as hydrostatic
eled TEC was 18 TECU in zenithal direction and off- delay. A widely used approach for zenithal wet path de-
nadir angle was from 36.7 to 39.3 degrees. Calculatethy AV, was published by [8]. For SAR applications it
path delays range from 0.63 m to 0.66 m increasingmust be multiplied by a factor of 2 to amount for two-way
with the growing off-nadir angle. On the right in Fig- propagation:

ure 1b the calculated total atmospheric path delay is out- ,

lined. It can clearly be seen, that the total path de-Aw,, , ¢,p =2-1075- ( (k3T + ks) Raco ) + Kopet

lay depends strongly on topography. The total path de- ’ To(gm (A + 1) — BRq)

lay for C-band is typically in the range of 5mto 7 m. (4)
(a) (b) with: A+ D)gm
0.66 Kawet = (1 Bhy ras (5)
" ]67m wet = To
wherek}, = 23.3 [-2], k3 = 3.75-10° [mbm] are refrac-

tive constantsg = 6.5 [ kf; ] is the temperature lapse rate,
To [K], e the temperature-, water vapour pressure above
sea level, T, [K] the mean temperature of water vapour,
h the target’s height and [unitless] the average decrease
of water vapour. Parameters T, P,)¢,0 are modeled [7]
considering target height h, latitude and day of the year.
' For every parameter a look up table is calculated account-
o " ing for variations of mean T, P, e\, § above sea level

3 a 56m regarding different latitudes. The slant range propagation
AY,  +AY,,, is calculated by dividing&@tmpo,SAR by COS O ffNd-

0.63m

AV, AY,,., =
Figure 2 shows an example of tropospheric path delay

Figure 1: lonospheric- (left) vs. total path delay (right).  for the ENVISAT-ASAR scene over Lucerne / Zurich.
(@) (b)

3 Tropospheric Delay

Tropospheric path delay is caused by variations in the re

fractive indexn as a function of the parameters air pressure

P, temperaturd” and water vapour pressu¢e Based on

basic principles of Saastamoinen [5] and Hopfield [6], the

idea of modeling tropospheric path delay,,po, s4r IS

to separate the delay into a hydrostai@;,,q s 4r, @ wet 9 7

AWyet. sar, and a liquidA¥,;, s4r component as fol- 5 41
«
L 4

lows:

AWyr0po,54AR = AVnya sAR + AW yer,54aR + AW g sAR N
)

The hydrostatic component refers to a standard atmo-

sphere. The wet and liquid components model the diffigure 2: Hydrostatic- (left) vs. tropospheric path delay

ference between the standard and actual atmosphere. Teaght).



Tropospheric path delay for SAR applications is usually inspheric path delays therefore have to be considered [1].
the range of 4.6 to 5.4 m for hydrostatic path delay and 0 t&Ve developed a software tool with the presented models
0.8 m for wet path delay. It can be clearly seen that in theand path delay contributions that calculates for spaceborne
higher regions at the lower right path delay is about 1 mSAR / radar applications the expected path delay for every
smaller than in flatter areas in the north. It is evident thatsingle pixel within a scene. This software tool is designed

under constant atmospheric conditions, path delay dependis be easily integrated into other software environments en-

mainly on the target's surface height.

abling improved a-priori knowledge of the geometry of a

SAR acquisition.

4 Discussion 6
Using the presented contributions and models for calcu-
lating path delay of electromagnetic waves propagatin%D
through the atmosphere, we developed a software tool t
calculate pixel based path delays for spaceborne L to X-
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band SAR / radar applications. Even short range atmoReferences

spheric path delay predictions with an estimated accuracy
of at least 50 are possible using an optional ionosphere[l]
model in the software.

Figure 1 and 2 show calculated path delay examples from
the developed software of an ENVISAT-ASAR scene.
Figure 1 juxtaposes the contribution of the ionospherid2]
path delay and the total path delay. The typical drift in
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spheric path delays of the scene in Figure 1b are typical for
C-band frequencies.
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fore a nearly constant contribution. Figure 2b presents
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AVt sar. The difference between Figure 2a and 2b
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brightness.

The software is intended to calculate atmospheric path dd®!
lays for TerraSAR-X. Total path delays for X-band fre-
guencies would be approximately 0.4 m smaller due to the
smaller influence of the ionosphere at that shorter wave-
length. The presented ENVISAT-ASAR example demon-
strates the adaptive and comparative capabilities of th[a]]
tool.

5 Conclusions

(8]
High resolution SAR sensors such as the upcoming
TerraSAR-X depend on accurate data calibration in order
to provide the most accurate geolocation possible. Atmo-
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