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DEVELOPMENT OF A METHOD OF ESTIMATING SPECIO-TEMPQORAL
AVERAGED RAINFALL WITH TRMM/PR INFORMATION USING A
DEPENDENCY OF RAINFALL ON TOPOGRAPHIC ELEVATION .
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A Method of estimating specio-temporal averaged rainfall with TRMM observations is developed. A
point of the method is that a dependency of rainfall distribution on topographic elevation is taken into
consideration. Also both analytical and statistical evaluations of accuracy of the estimates are carried
out based on stochastic specio-temporal structure of rain field and actual applications of the method into
radar-observed rainfall distributions during 43 monthly periods, respectively. As results, the analytical
evaluation almost agree with statistical one, and introducing the dependency of topographic clevation
improves the accuracy of estimation of monthly rainfall averaged over a circle region with radius of 120km.
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1. Abstract

A Method of estimating specio-temporal averaged
rainfall with TRMM observations is developed. A
point of the method is that a dependency of rain-
fall distribution on topographic elevation is taken into
consideration. Also both analytical and statistical
evaluations of accuracy of the estimates are carried out
based on stochastic specio-temporal structure of rain
field and actual applications of the method into radar-
observed rainfall distributions during 43 monthly peri-
ods, respectively. As results, the analytical evaluation
almost agree with statistical one, and introducing the
dependency of topographic elevation improves the ac-
curacy of estimation of monthly rainfall averaged over
a circle region with radius of 120km.

2. Methods of estimating specio-
temporal averaged rainfall

We study this esitmate process on a domain B (area
V), and divide this domain B into some domains By
(area V(By)) characterized by & (1,---,n), which is a
number of the divided domain based on the altitude.
Here M is a number of times of TRMM observations
for period T. At a certain TRMM observation on
time t; (i = 1,---M), O; is an whole observed domain
and O; is a domain of division k as a part of O;.
Also ‘P (zk,t) is an instantaneous railfall intensity on
point zx in the domain of division k, on time t as a
realization of an underlying stochastic process.

(1) Esitmation with elevation dependency
Spatial mean of rainfall intensity over an observed
domain O; 5, (area V(Oin)) of division & on time ; is

1
pt; (Oip) = Vo

P(zn, t)dan. (1)
i,h) Qi

Properly speaking, the dependency of rainfall on to-
pographic elevation is realized for a distribution of cu-
mulated rainfall for more than a certain period, so it is
not always realized for a distribution of instantaneous
railfall intensity like a TRMM observation. But, the
dependency is expected to be realized for instanta-
neous railfall intensity, so in this paper we apply this
dependency to methods of estimating specio-temporal
averaged rainfall intensity. Then, to fix the Depen-
dence Line on Topographic Elevations on each TRMM
observation time we apply method of least squares
to each distribustion consisted from spatial means of
rainfall intensity of each divided domain calculated
with Eq.(1), where the way of fixing the Dependence
Line on Topographic Elevations is that the slope of the
Dependence Line on Topographic Elevations is fixed
as an expected value of a slope of the Dependence
Line on Topographic Elevations for cumulated rain-
fall for period T' and the intercept is identified with
the method of least squares. After all, spatial mean
of rainfall intensity over domain By on time £; is ex-
pressed like this:

iy, (B) = 10ler Tt (2)

where E[ar] is the expected value of a slope of the
Dependence Line on Topographic Elevations for cu-
mulated rainfall for period T', li is a represented alti-
tude of division k and d; is an intercept identified with



method of least squares on time t;. Finally specio-

temporal averaged rainfall intensity over domain B

for period 7' is estimated with the next equation by

averaging all the spatial means of rainfall intensity.
M
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By the way, there are two ways to identify intercept
d;. One is that the areas (V(0;n)) of observed do-
wains of each division are taken into consideration as
weights. And the other is a case that the weights are
not taken into consideration. In case weights are taken
into consideration, the intercept is identified with the
next method of least squares

J = Z {“M (Oin) — By, (Bh)}2 V (0;,1) — min

hel;

4)
where gy, (Bp) is spatial mean of rainfall intensity to
be estimated, and I; is a sample of numbers of di-
visions TRMM observed on time t;. Then, specio-
temporal averaged rainfall intensity is esitmated with
Eq.(8).

Onu the other hand, in case weights are not taken
info consideration, the intercept is identified with

- 2 .
I =3 {ne (0un) = i, (Br)} —min  (5)
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and specio-temporal averaged rainfall intensity is es-
itmated with Eq.(3) in the same way.

(2) Esitmation without elevation dependency

In this case, to estimate spatial mean of rainfall
intensity on each TRMM observation time, the ex-
pected value of the slope of the Dependence Line on
Topographic Elevations written in chapter 2.(1) is re-
placed with zero. Finally specio-temporal averaged
rainfall intensity is estimated by averaging all the spa-
tial means of rainfall intensity.

And there are also two ways to identify intercept
d; according to whether areas of observed domains of
“each division are taken into consideration as weights
or are not. In case the weights are taken into con-
sideration, the intercept is identified with Eq.(4), and
in case the weights are not taken into consideration
the intercept is identified with Eq.(5). Finally specio-
temporal averaged rainfall intensity is estimated with
Eq.(3).

3. Ewvaluations of accuracy

(1) Analytical evaluations

Accuracy of each method of estimating specio-temporal

averaged rainfall for a monthly period over Miyama

radar site where is a circle region with radius 120k
are evaluated by using TRMM observations concern-
ing the orbit on September in 1998 and Miyama radar
observations concerning rainfall for fourty-three months
in rainy. seasens (June - October in 1988-1994, 1998
and 1999 (except for August in 1991 and June in
1998)). Tablel shows a result of evaluations of ex-
pected errors and Table2 shows a result of evaluations
of standard deviations about error.

Tablel Analytical expected errors (mm/month)

With elevation | Without elevation
dependency dependency
Weighted 0.0 16.6
Not weighted 0.0 142.2

Table2 Analytical standard deviations about error
(rmm/month)

With elevation | Without elevation
dependency dependency
Weighted 83.9 90.5
Not weighted 98.9 185.3

(2) Statistical evaluations

Estimations of specio-temporal averaged rainfall are
actually evaluated with methods suggested in chapter
2., then the accuracy of each method is also evaluated
statistically.

First, to estimate specio-temporal averaged rainfall
for a month over Miyama radar site, TRMM orbit
on September in 1998 is applied virtually to any or-
bits of the each month of 43 months during the rainy
period written in chapter 3.(1) and Miyama radar ob-
servations concerning rainfall are applied to rainfall
of the each month over observed domains. As re-
sults, Figurel shows a result of estimations of specio-
temporal averaged rainfall in cases that the elevation
dependency is taken into consideration and is not with
weights in the method of least squares, and Figure2
shows a result of estimations in cases that elevation de-
pendency is taken into consideration and is not with-
out weights in the method of least squares. In addi-
tion, in both figures two more kinds of evaluations are
described. One is actual monthly rainfall observed by
Miyama radar, and the other is monthly rainfall eval-
uated by averaging spatial means of rainfall observed
by Miyama radar when TRMM passes over.

Secondly, sample errors (Table3) and sample stan-
dard deviations about error (Tabled) as statistical ac-
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Figurel

Muonthly rainfall estimated by applying the methods of estimating (mm/month) (a case that weights are taken
into consideration): 1. actual monthly rainfall observed by Miyama radar, 2: monthly rainfall evaluated by
averaging spatial means of rainfall observed by Miyama radar when TRMM passes over, 3: estimations with

clevation dependency, 4: estimations without elevation dependency.
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Figure2 Monthly rainfall estimated by applying the methods of estimating (mm/month)‘(a case that weights arc not
taken into consideration): 1: actual monthly rainfall observed by Miyama radar, 2: monthly rainfall evaluated
by averaging spatial means of rainfall observed by Miyama radar when TRMM passes over, 3: estimations
with elevation dependency, 4: estimations without elevation dependency.

curacy are evaluated by using samples of estimations

with four kinds of methods of estimating specio-temporal Tabled Statistical standard ~deviations about

errar

averaged rainfall and sample of actual monthly rain-
falls.

Table3 Statistical errors (mm/month)

(mm/month)

With elevation | Without elevation
dependency dependency
Weighted 98.9 104.3
Not weighted 161.0 236.5

With elevation | Without elevation
dependency dependency
Weighted 25.0 36.8
Not weighted 40.6 147.9

4. Conclusion

In this study, to improve accuracy of, especially, a
method of estimating spatial mean of rainfall, a de-
pendency of rainfall on topogfaphic elevation is intro-
duced. As results, the following points are found.

o Introducing the dependency of topographic cle-

vation improves the accuracy and expected er-
rors of the methods become zoro (Tablel) ana-
lytically.

e It is effective for improvement of accuracy to
take it into consideration that areas of observed
domains of each division as weights, when an in-
tercept of the Dependence Line onn Topographic
Elevations is identified on each TRMM observa-
tion time.
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