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Abstract

Raingauge network in Tan-sui River
watershed is evaluated by theory of
geostatistics and random field simulation.
Dimensionless variogram of hourly rainfall
was established using hourly rainfall data
observed at thirty-two raingauge stations.
With reference to global kriging variances, a
sequential algorithm determines the
reasonable number of raingauges that should
be retained and basic raingauges that are
required to detect the trend of rainfall spatial
variation. Finally, arandom field
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simulation model (HY DRO_GEN) generates
realizations of an hourly rainfall random field
with predetermined probability distribution
and variogram.  Using these simulated
realizations, we demonstrate that probability
distribution and variogram of the hourly
rainfall random field are successfully
recovered by the retained raingauges.
However, the basic raingauges fail to recover
the stochastic characteristics of hourly
rainfall field; instead, variogram of annual
rainfall field is recovered.

Keywords: kriging estimation, Random field
simulation, raingauge network

I ntroduction

Information of spatial and temporal
distribution of rainfall is essential to water
resources planning, design of hydraulic
structures, flood mitigation, drainage project,
etc. Rainfall data of different observation
intervaslike hourly, daily and annual rainfall
areregarded asrainfall of different time
scales. Direct measurement of rainfall is
accomplished by raingauges and is
considered as point rainfall since the catching
area of araingauge isvery small compared to
the areal extent of a storm. Rainfall data of
different time and spatial scales exhibit
different characteristics of spatial variation.
For example, hourly rainfall of severe storms
exhibits much higher spatial variation than
annuad rainfall. The dependence of spatial



variation characteristics on time scale
inevitably affects the optimum density of
raingauges from which representative picture
of spatial rainfall variation can be obtained.
For the purpose of water resources planning,
rainfall of large time scales (long observation
intervals) like monthly and annual rainfalls
are needed whereas hourly rainfall dataare
used for flood forecasting and drainage
project. Clearly, flood forecasting requires
higher raingauge density than water
resources planning.

Over the last two decades, spatial
distribution of rainfall was widely considered
as arandom field and theory of geostatistics
and techniques of conditional random field
simulation were applied to describe the
gpatial variation of arainfall field. The
objective of this study isto investigate the
orographic effect on spatial variation of
rainfall and to evaluate the performance of an
existing raingauge network by technique of
conditional random field simulation.

Theory

Kriging Estimation
Letx, /=1, 2, , nbespatial locations

where measurements Z(x;) are made.
Measurements {Z(x)), /=1, 2%, n} forma
realization of random field (RF) Z(x,x) where
X represents the state variable of realizations.
For simplicity, we drop the notation of x
hereafter. It isassumed that the random
field Z(x) isisotropic and fulfills the intrinsic
assumptions:

E[Z(X)] = (1)

oX; %)= oX; — X)) )

where o x;, X)) isthe variogram of Z(x) and
isdefined as

ox, X)=3valZ(x) - Z()] (3

For aparticular realization of Z(x), the

kriging estimate of Z(x,) at ungauged
location x,,, using measurements Z(x ),
Z(X,),.....Z(X,), is represented as alinear
weighted average

2(3=4 | Z() @

Weights / ; being assigned to the n
measurements are determined by solving the
following equations of ordinary kriging
system.
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j=1

(i=1,2,....,n) (6)
The variance of estimation error, or the
kriging variance, is.

Sz Var[Z(x)- Ax)]

= m+a 1,g(X,—x) 7)

i=1

Monitoring network design

Since kriging esti mateZ(xO) is unbiased,
smaller kriging variance implies better
estimation of Ax,) using Z(x,), Z(x,),...., and
Z(x,). Inview of network design, avery
small kriging variance at x, means much of
the information at x, can be transferred from
information at X, X,,....,and X,. Thus, it is not
necessary to have a station installed at X, ,
whereas |ocations with large kriging variance
would necessitate gauge installations.

Assuming that there are nraingaugesin
awatershed, the importance of each



raingauge in the network can be evaluated by
asequential approach (Cheng et al., 1996).
Results of the sequential approach suggested
that seven basic stations and 17 local stations
are enough to provide amost the same
amount of information that could be provided
by al 32 stations.

Random field simulation
Assumed a stationary random field Z(x)
with given statistical distribution N(rm,s ?),
realizations of the random field were
generated using HY DRO_GEN, based on
theory of conditional probability. Let the
mean and variance of the random variable
Z(x,) are known and observed value of Zat x,
be A x,). The conditional mean and variance
of the random variable defined at x,, Zx,),
are
EZ°(x)] = HZ(x | X)) =
m(x) +1,0)[A%) - m(x)]  (8)
and
s2°(x) =52~ 1) C.(x% %) 9
where C,(x;,, X )isthe covariance function
of random variables Z( x,) and Z(x;,) , and

1,0 =% %) The HyDRO_GEN used

z

an iterative scheme to generate realizations
of arandom field with given distribution and
spatial structure, i.e. the covariance function.

Results

The study areawas discretized into grid
network with various grid intervals. Using
subsets of the given raingauge network,
experimental variogram of the rainfal field
were calculated and used to investigate their

capability of capturing the spatial variation
structure of the random field.

The simulation results revea ed that with
24 stations (7 basic stations + 17 local
stations), at least 180 realizations were
needed to accurately estimate the variogram
of therainfall field. With only seven basic
stations, variogram estimation was not
successful even using more than 250
realizations. However, using annual rainfall
measurements at the seven basic stations, the
variogram of annual rainfall field was
estimated accurately using only 150
realizations. The results of this study were
consistent with results of aprevious research
by the author. Previous research applied a
sequential algorithm to decide the minimum
number of raingauges needed to capture most
of the information, however, it did not
explicitly show the capabilities of the basic
and the local stationsin terms of variogram
estimation. In contrast, the technique of
conditional random field simulation clearly
demonstrated the spatial characteristics of
rainfall data collected by the basic stations
and the local stations.
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Fig.l Dimensionless variogram of
average annual rainfall.
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Fig2 Simulated variogram of average
annual rainfall using seven basic stations and
150 redlizations.
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Fig3.Variogram estimations using 24
and 32 stations and 150 realizations.
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