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T _- FUHTHER APPLICATIONS OF SATELLITE DATA IN METEGROLOGY

7.1 Wind finding
7.1.1. Tropospheric winds

Over the oceans the tracking of clouds in either or both the

visible and thermal infra-red channels offers a ready means ol asasessing
wind speeds. 1Tt 13 assumed that the clouds are moved by the wind at
about the level of their tops. This level is determined from the c¢loud
top temperature and climatic or synoptic data about the atmospherir
temperature profile. Many schemes involving automated or manual pattern
recognition techniquea have been developed for calculating satellite
cloud tracking, most invelve interactive image processing. A fairly
typical method is outlined below.
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Steps 3 Lo " oare repeated for each olond Joevel prosent.,
Areas of about 19 square are treated at a time. Low level winds

from stratocumulus or cumulus cloud movement have standard errors of

about 1.5m §-1 while high level winds from cirrus tracking give errors ' . : E : : ' ‘ ' : , : . : :
of about 2.0 ms 1. PiiLiriiiiinin
T.1.2, Surface wind | EE:::E:.:'EEEEEE
Satellite borne radar has been used in an experimental mode to g M SRR
measure surface winds over the ocean. The SEASAT-A scatterometer system g : ‘. : ' : . : : : i : : 5 : E .:
(3ASS) detects the amall scale roughness of the ocean surface from the E, I . e eyt
increased radar back scattering, the change in polarization and the . E E . crTr4% 3 c : 5 . :
doppler shift of the back scattered signal indicate the direction of the . : . : oLl Ty o
wind relative to the satellite. The surface roughness is correlated . : . : . . : E 5 5 : : E E . . E E M -: . E E
with the wind speed empirically. Results indicate that winds may be o.o. R :
measured to * 2.0 ms=! in strength and to * 20° in direction. Bughtness -
7.2 Rainfall estimation from satellite data ,.". S L R T T R SR
7.2.1. Microwave techniques ::':::'::::::::::.::.’::::
The most promising technique for rainfall astimation is the, as yet ‘ : , : . ' , NN : ,: . o : : : . . : : .
experimental, one using microwave emisslon to detect the presence of : . - : : ‘ : -' I
liquid water in elouds. ; '.'.':..':.".”.'.':.:5::
7.2.2. Infra-red and visible techninues '; : : ' : ' ' .' . : ' : . :. : . : : ' EREE
As there is at present nn eommitment for aperational meteorologzical g . : colirrorr R . . : :
satellites with microwave channels suitable for rainfall estimation, " . : : .: : : ' . : : .c\:.:é.{_':/???\,:}:; . :
Methods using the rurrently available visible and thermnl infra-red . . : . . .: .: .*"T"‘; ":‘;rl:::f). :
channels have heen developed experimantally and have had 1imited . . . can . LlLro .:‘."1.:??:: ::) I
operational use, n '
These methods rely on recognising the thermal I-B and VIS imapery Brghtess
the main characteristiecs af rain produeing cloud systems. Large liguid
water content gives rise to hirh reflectanss in the visible channel and ()
clouds reaching high levels in the atmosphere such as cumslonimbus can -5 : : E : 'G‘ﬁs ,: : : , : _: _' E : ' : : 5 : .: : :
be recognined in the thermsl 1.R. N :f': L E
Firures 7.2, a, b, and ¢ below illustrate thease characteries, : . . : 5 . : : '.: ?..:/::\E,cff ' .: .: : ' E .
. ffff:'ffE::EGEEE Tl
= Lriiia ,.':5\2::__1‘
¢ fffffffff??fﬁf?:cgf:::ﬂ.:
- e w . R L L - e m] e
R R TER R Tt
SEEEEREREREEERRA MR
B b v s e s v e e e e e ..,..l.

<

Wit

X 3




The interpretation of the clouds VIS and/or 1.R. features in terms
of rainfall has followed two principle lines. Firat, the use of high
quality photographic typs imagery to recognise typical rain bearing
syatess and to sttribute rainfall smounts to thes according to their
parsiatance over an area and the olimatologically expected rainfall from
such systems. These methods have achleved some success particularly when
used as interpolation schemes between raingauges and when applied to
large acale synoptic rainfall events which give rise to relativaly
hosogeneous rainfall at the ground. The second sathod, mors auitable for
convective rainfall, conslats of wonitoring the devalopment of clouds
uaing digital I-R data scaetimes in conjunction with the viaible data.

It i3 found that convedtive systema give most of their rainfall in their
growth stage and that having reached their maximum herizontal extent
generally give little precipitation. Figure 7.3. below {llustrates
this.

Fig. 7.3. The ares of rain producing cloud (A )} a function of the
size of the cloud (A}). Both scales are normaifzed by the maximum
size the cloud attaifs (A ). The curves represent clouds of thrae
different size ranges. {after Barrett and Martin, 1981}.
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The implication of the above 1s that convective ayatem= must be
monitored each hour or 80 if reasonable estimates of rainfall from thea
are to be made. Hence, data from geostationary satellites must be used.
Only the I-R channel can monitor their activity during the night. Most
experimental and quasi-operations) models employ » rainrate (R} equation
of the forwm:

Rza,s 1:}18 -kn additional terms
whers a, implies the presence of cold cloud below a predetermined
teaperature (temperatures frow 223 K to 243 K have been uased) and T%Je ‘la
is the rate of growth of the area of cloud below that or another
predeternined temperature. The additional terms may include such
factors as storm propogation or decay. All these schemes are empirical
and the coeficients eatsblished for one climatie region are not
universally applicable; for instance those developed for convective
atorms over the tropical Atlantic Ocean proved inappropriate over
continental West Africa.

Eatimates of rainfall from tropical convective systems over long
periods (30 days) or over large areas may be achleved without the
inclusion of the growth term 1n the above equation. One is then left
with the rainfall being related to the persistance of clouds of
convective origin over a sfte or the mean fractional cover Over an area.
The implication is that ,in the absence of grographic effects ,when
averaged over a number of rainfall events a afte would experience some
atorms in each phase of growth or decay. Figure 7.4. shows a
contingency table for the rainfall and persistance of cold cloud over
sites in the Republic of Niger in



Figure 7.4,

Nintogram of occurrence ot rainfall #t 109 yainfall stations in the
public of Niger during July 1988, Figures in the body of the

agram indicats the duration of cold clowd (<~ §0 °¢) e sach
tation recelving the range of rainfall indicatad.
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In interpretting such diagrams it is necessary to recall the large
spatial variability of rainfall from these storm systeas. Typically
rainfall from large systems will vary by a factor of two over distances
of ten kilometers. Hence raingauge data can only be used in a
statistical sensa to calibrate satellite estimates and similarly a
satellite estimate that gave an accurate mean rainfall over a S km x 5
km pixel would have to be interpretted in terms of a widely spread
rainfall diatribution within that plxel.

G

7.3. Soil motisture and evaporation Measurement from satellfte data
Techniques for the estimation of soil moisture and evaporation from
satellite data are generally based on surface energy budget (SEB)
concepts and involve the use of both satellite and surface data.
The SEB may be written

Rn : H + e + o
) :
net senaible evaporative ground
radiation heat flux  heat flux heat flux
towards the from the from the from the
surface surface surface surface
with Ry s 301 -y s Lo - Lt
7 T P
abaorbed downwards upwards
solar long wave long wave
radiation radiation radiation

The solar radiative term may be estimated from the visible channel
data using climatological data for the atmospheric absorption loss. The
long wave radiative terms can be calculated from satellite neasured
atmospheric and surface temperatures. Ir clouds are present cloud base
temperatures must be estimated.

The heat flux terms are usually expressed in resistance terainology

—_——_a_ [ ¢ 'e-'q.
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where Ty is an aerodynamic resistance which depends on wind speed and

vertical temperature gradient, A is the thermal conductivity af the

301l and C its volumetric thermal capacity. C is slightly dependant on

s0il moisture content and |'J. strongly dependant.

If surface aynoptic data (T, Ra, Un) are available H Say be
calculated. The vapour Preasure at the gound surface (€5 ) 13 not
usually known but it may be related empirically to .t.ho saturated vapour
pressure at the earth surface and the di fference in temperature between
the surface and the air. Another approach to the A E term §s to express
1t as £ -/,_C[, (o5 ¢ad

. L
where $is the depth below the soil surface at which water i3 availabie
for ava;:oration,es ia then the saturated water vapour pressure at the
temperature correaponding to that depth. Models to solve these equations

Y.



using up to twentyfour data points per day have been develnped. Other
models assume all changes to be cyellc and use only two data points per
day. Over bare solla with high insolution evaporation is controlled
almost entirely by the resistance to vapour diffusion through the dry
upper layer of soil. Under these conditions for a apscified type of
s0ll the diurnal range of surface temperature reflects well the depth of
the dry layer and hence the avallability of water for evaporation.
Figure 7.5 1llustrates the effect on the diurnal range of
temperature of a bare soil surface of irrigation and shows the rate of
recovery of the temperature cycle towards the dry condition as water
evaporates through the upper layers. This 1s the basis of one method for

the estimation of 301l moisture in the upper layers and of evaporation
from satellite data.
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There are at present at least 3ix models being tested for
evaporation and scil mofisture monltoring but none appear to have yet
reached an operationally viable state,

X

10 - SOME OTHER APPLICATIONS OF RADAR
— TR RSTLIGATIONS OF RADAR

There are many examples of the use of radar in cloud physics and

turbulence ressarch. In this section two examples of research with

radar are given. They are chosen because of the interesting novel

techniques which are applied.

10.1 Radar wind finding in convective storms
Wind fields in clouds are very difficult to determine unless some

components of the cloud 1taelf can be used a3 tracers. Various wmethods,

using two or more dopplar radars, have been devised to investigate
circulation patterns in storms. One uaing the “COPLAN" technique 1s
given below.

Two doppler radars on a base line fifty to one hundred kilometers
long are used to view the same section of a stors ai-uluneously'and the

velocity of the raindrops towards each radar i deternined from the
doppler shift.

The geometry is {1lustrated below

R1s Rz radars

P saotion of cloud
being observed

p! plan position of P

81, 92 elevations of ¥
from Ry Ry

1y 2 doppler
velocities towards
LINF

r.the radtal distance
from P to Ry Rp

making J{_ to the
horizontal




The doppler velocitiesVi, U, contain a component from the fall at 16:59 c.g .
speed of the drops. This may be deduced from eapirical relationships Stors .gn;n'.‘;“:i::: ;::01:1 the coardinats systes movi
of Ctio
between Z and the tsrminal velocity., One such after Atlas et al (1973) s“::“p:::tlgﬁ Cross section nn:::a::::n; L:“e AB ip
. shoma (Albert re from a radar
Y et al,, 1979) . at

15 w2 L2 Wﬂ)o'“ s ke o eado location in fa). The mret
of each plat yiyvee N of Lndic

the spee, ated velocyt: h

("rom x, Brandes and n, 4 'ﬂslﬂuch 12 proportionat to thy. ::rt. .

w is the population mean terminal velocity and e + NSSL, persona} c fcation )
* Sigem "hon-

13 air denstty. Tha begeter cateclins won adymtad fovfju

wha U'“-'U'-furA‘L-. R c e 200 my

From U,', v 'two components of the air velocity at Pithe plane "", LA
r, Ry R3. For ease of computation the coamponents along and
perpendicular to r are used., A series of wind fMlelds are measurad in
planes containing A1 R2. The equation of continuity in a cylindrical
co-crdinate aystem ls then used to establish the three dimensional wind
field which is then tranaformed to more conventionall horizontal and

vertical co-ordinates. Boundary conditions are zero vertical component
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at the tropopause and ground surface.
The result of a storm study by Brandes and Johnson*

Dritonce noeth (um)

using these methods is illustrated In Figure 10.1
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10.2 Radar on satellites

When a pulae ia tranamitted and recelved its power/time curve may
Two problems of satellite borne radar arise from the large

A rasemble
distances between the radar and the target. The maximum resolution ‘ '1'.:—-) '
means that for & satellite even with s tan metre antenna the ground
resolution would be of the order of 10 km for a satellite orbitting at power transmi tted "
1000 km and asveral hundred kilometers for a geostationary satellite, '
The second diffioulty is that of the return power availabla. With an
orbitting satellita the recelved power 1s only about 10-23 of the signsl fr nad
4 OR shaded band
transmitted power which i{s iteelr much lower than the pover transmitted M "
from ground based radar. - &
Interesting solutiens to these difficulties were found on the cpived 0"
.l wer x
Synthetic Aperture Radar (SAR), e E-\£:K:
This radar viewed the earth's surfuce obliquely at right snglea to T T "
the direction of travel of the satellits. ui“
T)loéLtlo-\ af ('l'uv.n‘
Satathts ) L ket In the SAR both the received power and the x direction resolution
fst 3 of pigw @ o are increased by coding the pulse Signal by changing its frequency
S 3lightly throughout the duration of the pulse.
v
/\—
4 -
/ / g freqd
4 . transmit
/ .
v -’,/
r i
N / Sun ok "JL A= []
31 pe: -
/ // received aignals
Yo 2N . / -
b . !
el \ : L EREES SR, .
i
swathe scanned by radar —om— - - H _.l] L. ] — h.__, _—
time

Resolution in the x direction depends on and on the pulae length,

) The recelved signal is then delayed according to itas frequeney so
and equals ( pulse length ), In the y direction the resolution is r sin,fg the whole pulse ts compressed after reception, thus increasing power and
2 coa® -

resolution.
n |
, | |!!
h !
- 4

_—

This technique Ls known as the CHIRP.
For many purposes neither the x nor the y resolution as described above

are adequate.
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The synthetic aperture method
inecreases the y resolution. The principle {s that {f a seriea of

had been emitted $imultaneocusly by a large antenna. The limit of the
principle 1s that any surface point must receive at least tuwo Pulses,
Hence we have the paradox that the amaller the actual antenna the larger
in principle {s the resclving power or the synthetje aperture, In fact
power considerations 8iver a lowar limit to the antenna size, The
higher the pulse repetition frequency (P.R.F.) the more pulses wil} Eive
information on any cne point but the P.R.F. muat not be 8c high that
back scatter from two sources could be confuseq.

A simple analysis of the 8eometry of the SAR principle 1 given
below,

Satellite moving in

direction y

at speed LU~ ywith
s /’_{ pulaes

\\ emitted at 8y and S
S a

-‘é | / s -_.._\‘\\’
/Z /4 / Y
. '/’ s
-~ - >.,__‘_:\
y, -~ - -
- f\ N e
L
- L)
-

The atze of the aynthetio aperture (A s ) Mmay he conatdered to he
the size of the "footprint® in the y direction = pr 7}

with J/é = It L,f( where Ar 13 the sffective
' Ar aperture of the actual antenna

So "5 s | 2L _n‘
Ar
and the angular resolution/zs of the synthetic aperature is given by

Ry e 21 & n, _ A
r2 o & v
and the linear reaolution is Ap.
This ia perhaps more easily seen if one considers that the only
unique information about the position of a point in the y direction is
its doppler shift. The maimum doppler shift is given by

Av . ¥ D
<

and for two close points the maximum di fference in frequencies of the
return signal is given by
ArF - Vo
[ where A p is the y
separation of the points
1t p is the minimum resolvable distance the angular resolution is

. Yy AfF g
Ap 5

= AF,\_?

w

where T i3 the time during
which a point remains in
view of the satellite

but the minimum resoclvable frequency is '/ T so0 the linear resolution 1a

Ar. The pulse repetition frequency limits are that a point must remain

\§™



in view for more than two pulsas

i.e. min P.R.F, ™, )

A,

Also for signaly to be unambiguous the P.R.F. ”
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