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Abstract Most streamflow generation models are developed by taking only a series of recorded stream flow data
into consideration. However, with the trend of integrated water resource systems management, it becomes
unacceptable to treat each stream in the system independently. Furthermors, the climate pattern, neglected in most
models, should be considered in the model.  This is because the variation of hydrological factors, such as terrain,
climate, and soil types are limited in a nearby area. That is, there must be a certain correlation between the
streamflows. With this in mind, a multi-site streamflow generation model is developed in this study. The
distinctive feature of this model is to focus on three fiow componentis, the base flow, the monsoon-induced flow,
and the Typhoon flood, in the northern Taiwan area. The mean and variation of each flow are discussed based on
these three components. Moreover, the correlation, both autocorrelation and cross correlation, in the flow series
among rivers is calculated to maintain lag one time series of flow in the overall watershed. Tanshuei River
Watershed, consisting Peishih River, Nanshih River, and Tahan River, is chosen as a case study.  The result shows
a much better it of characteristics and cross correlation between streamflows.  This model provides a practical

multi-site flow generation model for water resource management.

1. INTRODUCTION components, the base flow, the monsoon-induced
In water resource studies, flow in stream is the flow, and the Typhoon flood, in the northern
determining factor in assessing potential water Taiwan area. The mean and variation of each
supply  capacity for  reservoir  sysiems. flow are discussed based on these three
Traditionally, in-situ flow record is used in components.

deciding reservoir capacity. However, recorded

flow is only one realization among all-possible Z. MODEL FORMULATION

cases. Therefore, an adequate flow generation 2.1 Mormalization of Streamflow

model is required in order to study all possible

system performance. It is important that the generated streamflow should

carry  statistic  characteristics of a  certain
distribution.  However, in the real world the
minimum of a streamflow is zero and the maximum
is almost unlimited {Matalas, 1967). To deal with
this fact, a common used procedure in streamflow
transformation is applied (Box and Cox, 1964).
Firstly, the streamflows are assumed to be a 2-
parameter log-CAMMA  distribution, and a
transformation of data into normal distribution is
performed, as follows.

Most streamflow generation models are developad
by taking only an individual streamflow record inte
consideration. Then, a flow generation model,
such as an autoregressive Markov model, is applied.
Other researches proposed the disaggregation
model for the generation of synthetic flows at the
annual level and seasonal level (Lin and Lee, 1988).
However, with the trend of applying integrated
water resource systems management, i becomes
unacceptable to ireat each siream in the sysiem
independently. This is because the variation of
hydrological factors, such as terrain, climate, and

{1}. Logarithmic transformation

soil types are limited in a nearby area. That is, there Ye=log(Xo (1

must be a certain correlation between the o

streamflows. To deal with the mulii-site (2).Normalization

streamflows, researchers, e.g, Wilson [1973] )

proposed multivariate time series models. Vo= Yw — M, @
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Furthermore, local characteristics of climate should ST

be considered in flow generation. With this in

mind, a carefully study on the flow components for where, 4 and S_, the mean and standard

each stream should be required. The distinctive

feature in this study is to focus on three major flow deviation of the streamflow in time 7, are



commonly represented with a Harmonic synthetic
model, However, applying the Harmonic
synthetic mode! is sitnply a data fitting procedure,
with no physical meaning what so ever. In other
words, it is possible to perfectly reproduce the
recorded data set with carefully assigned
parameters, However, there is no guarantee that
the future streamflow would be the same. To
tackie this, a decomposition approach based on the
precipitation patterns is proposed, which will be
discussed in next section,
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where, g (¥ ) denotes the skewness of 1 .

The transformed flow data is then tested for its
normality with the Kolmogorov-Smirnov test. This
test provides bounds within which every
observation should lie if the sample is actually
drawn from a specific distribution, in this case the
Normal distribution..  In this study, the test
specifies that
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where (', is the critical value of the test at
significant level a.

2.2 Formulation of a Single Site Streamflow
Model

The Harmonic synthetic model is widely applied in

generating streamflows. A standard model is
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where, ¢ denotes the time of the year, in 10-days.

A commorn approach in deciding the number of
parameter in the model is through some statistical
analysis such as investigating AIC and BIC,
However, due to the compiexity of the data set, it
may require more than 5 parameters to provide a
good fit. Instead, temporal characteristics of the

streamflow  are  carefully swudied and a2
decomposition procedurs is proposed.

Figure 1 indicaies two peaks in streamflow data
annually. The occurrence of these two peaks is
due to the monsoon season and the Typhoon season.
Therefore, streamflow can be break into three
components, the base flow, the monsoon-induced
flow, and the Typhoon flood. Furthermore, each
of the three components can be modeled separately
and then added together, as in Figure 2. That is,
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where, L fi1 , fur are three parameters that are used
to formulate 2 simple Harmonic synthetic model
for the base flow. F, and £y, the monsoon-induced
flow and the Typhoon flood, are expressed as
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2.3 Formulation of a8 Multiple Site Streamflow
Model

Following Loucks et al. (1981), a sequence of
synthetic flows can be generated by the model

Z,,=4Z + BV, (i

where, 4 and £ are {n x n} matrices whose
elements are chosen to reproduce the tag 0 and 1
cross covariances of the transformed flows at each
site; ¥, is a column vector of standard normal
random varizbles.

3.  APPLICATION OF MOBDEL
3.1 Case Study Area

Tanshuei River Watershed, consisting Peishih
River, Nanshih River, and Tahan River, is chosen
as a case study, as shown in Figure 3. The river is
in the northern of Taiwan and flows though the
capital city Taipei.
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Figure 3: Tanshuei River Watershed

The mode! is applied on flow data for 43 years.
That is, three sets of 1548 10-day flow record for
each river is analyzed. The cross correlation
coefficients are reported in Table 1, with the
highest being 0.8.  The data indicates 2 peaks, on
is between time period 14 to 21 and the other
between 22 to 33, corresponding to the monsoon
season and Typhoon season, respectively. The
data is complied with 2-parameter log-GAMMA
transformation and the model previously described
is applied to estimate all parameters necessary.

Table i: Cross Correlation among Three Rivers

Cross | poichih | Nanshih | Tahan
Correlation River River River
Coefficient

Peishin 1.00 0.89 | 0.69

River

Nanshih 0.89 1.00 | 0.80

River

Tahan River 0.69 0.80 1.00

3.2  Streamflow Generation Model

The resulting streamflow generation model is as
follows,
(1) Peishih River
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{2) Nanshih River,
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The coefficient of correlation between predicted
and record flow in Peishili River, Manshih River,
and Tahan River are 0.91, 0.97, and 098,
respectively.



Furthermore, let P, N, and T, denote the flow in
Peishih River, Nanshih River, and Tahan River in
period t, respectively. Then,
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4. RESULTS AND DISCISSION

The fiow model is applied to generate 43 year of
10-days flow for three rivers. Figure 4 and 5
report mean and standard derivation of the
synthetic flows and recorded flows for Peishib
River in logarithmic scale. Clearly, the model is
able to provide a reasonable good fit both in the
mean aad the variance of the flow. However, a
slight distortion in reproducing the same variance
during the Typhoon season is noted. The reason
is that in the field a high variance happens in the
beginning of the Typhoon season (during period 22
to 33), while in this model a symmetric sinusoid
function is assumed. Similar results are obtained
for Nanshih River and Tahan River.
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Figure 4; Mean of Simulated and Recorded Flow in
Peishih River in Log-scale
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Figure 5: Standard Derivation of Simulated and
Recorded Flow for Peishih River in Log-Scale

To check the performance of the model in practice,
the mean and standard derivation of the synthetic
flows and recorded flows are compared, as shown
in Figure 6 and 7. The fit is slightly worse than
that in the logarithm base. In fact, an unavoidable
distortion in the high flow condition is observed.
This is due to the logarithmic transformation and
the assumption of Normal distribution in the
analyses. As a result, the standard derivation is
over estimated in the high flow conditions. The
procedure in taking the logarithm of the flow and
then exponential the simulated flow back would
magnify the flow more or less. The logarithmic
transformation should be applied in flow data with
little or no skewness (Stedinger, 1980). The
skewness of the flow data in Peishih, Nanshih and
Tahan River are 0.01, 0.01 and 0.4, respectively.
The skewness of the simulated flows are all less
than 0.1. This result is discussed in Lettenmaier
and Burges (1977).
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Apparently, this model can be classified as an
ARMA(L,0) model The cross-correlation
between rivers is maimtained.  For exampls,
Figure 8 and 9 shows the cross-correlation between
Peishih River and Nanshih River and that between |
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The lag one cross-correlation in simulated flow is
0.8, while in flow record that value is 0.89. The
periodical pattern in the cross-correlation diagram
indicates the annual cycle of dry and wet seasons,

The reproduction of the cross-correlation structure
is crucial when a system of reservoirs is operated as
awhole. In the field, it is likely that when drought
occurs, rivers are all in low flow condition. With
the help of the proposed model, such flow
condition can be simulated. This is the idea that
would be implemented in the case study.
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Figure 8: Cross-correlation between Peishih River
and Nanshih River
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Figure 9: Cross-correlation between Peishih River
and Tahan River

5 CONCLUSIONS

1. A multi-site streamflow generation model is
developed in this study. The distinctive feature
of this model is to focus on three flow
components, the base flow, the monsoon-induced
flow, and the Typhoon ficod. The synthetic
flow models are constructed for the mean and
variation of each flow component. Moreover,
the correlation, both autocorrelation and cross

&0

correlation, in the flow series among rivers is
sirulated with an ARMA(1,0) model.

2. The break down of the flow into three major flow
components, the base flow, the monscon-induced
flow, and the Typhoon flood, are based on local
characteristics of climate in Taiwan. It is
possible to appiy this model to other regions by
carefully selecting tocal flow components.
Furthermore, the procedures in choosing the time
periods corresponding to each flow components
can be refined. 1In this paper, a somewhat
subjective approach is applied.

3. The reproduction of the cross-correlation
structure is crucial when a system of reservoirs is
operated as & whole. The chalienging task in
reservoir operation is fo maintain water supply
during drought periods when rivers are all in low
flow condition. With the help of the proposed
model, such flow condition can be simulated.

4. The log-GAMMA transformation used in this
study unavoidable overestimates the mean and
variation in high flows. The impact may have
to be investigated if fiood contro! is of concern.

5. The proposed model is tested in the case study,
Tanshuei River Watershed. The result shows a
much better fit of characteristics and cross
correlation between streamflows.  This study
proposes a practical multi-site flow generation
model for water resource management.
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