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Abstract The purpose of this study is to mvestigate the effect of spatial and
ternporal resolution of precipitation data on the accuracy of long-term runoff
simutation, The Radar-AMeDAS precipitation data are used to represent the
spatial and temporal variability of precipitation. The precipitation is averaged
over ditferent spatial and temporal scales, and both original and averaged data
are uscd as the input for a hydrological model. A rainfall-runoff simulation s
carried out in the Fuji River basin by using the BTOPMC model. The
difference between the sinmlated daily hydrographs using original
precipitation and the averaged ones is investigated through the comparison of
the Nash efficiency for each simulation. In addition, the same analyses are
carried out for hydrographs at other time scales, and the influence of spatial
and temporal resolution of precipitation data on the accuracy of the
hydrolagical simulation is identified,
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INTRODUCTION

Precipitation is usnally dramatically distributed with time and space within a basin. In
a physically-based distributed model, precipitation data with rational resolution to
represent the variability of precipitation needed for an accurate estimation of river
discharge. Ichikawa er af. (2002) showed that the spatial variability of precipitation
causes a significant difference in the shape of the flood hydrograph. However, it is not
yel clear at which time and space scale runoff is well estimated with rational accuracy.

The objective of this study is to identify the effect of spatial and temporal
resolution of precipitation data on the accuracy of long-term runoff simulation.
Precipitation data with different spatial and temporal resolution are processed as input
data for a distributed hydrological model, and rainfall-runoff simulations are
conducted using these data. The simulated hydrographs are compared so as to identify
the influence of the resolution of precipitation data on runoff simulation.
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PRECIPITATION DATA

The Radar-AMeDAS precipitation data provided by the Japan Meteorological Agency
(JIMA) are used in this study. The data are based on the hourly radar gauged
precipitation data calibrated by ground gauged precipitation. The spatial resolution of
the data is 0.05° = 0.0625° in latitude/longitude (about 5 x 5 km). The original Radar-
AMeDAS data are averaged over different spatial scales: 10 x 10 km, 20 » 20 km, 30
x 30 km area and the whole basin area. The temporal averaging is also performed for |
day, 5 days, 10 days, and 30 days. The precipitation data used in this study are listed in
Table . Figure 1 shows the precipitation data with different spatial resolution and
averaging period.

DISTRIBUTED RAINFALL-RUNOFF MODEL
A rainfall-runoff simulation is carried out using the Block-wise TOPMODEL with

Muskingum-Cunge method (BTOPMC). The BTOPMC is a grid-base distributed
rainfall-runoff model developed by Ao ef al. (1999a).

Table 1 Precipitation data with different time and space scales used in the study.

BData Resotution
Spatial Temporal
S05T00 5 kim
S10TOQ 10 kin
S20T00 20 ke 1 hour
S3QT00 30 km
S60T00 Basin ave
S05T0l 3 km
S10T01 10 km
S20T01 20 km 1 day
S30T0l 30 km
560701 Basin ave
S05T05 5 km
S10TO5 10 km
S20T03 20 km 5 days
S30TaS 30km
S60TOS Basin ave
SO5T30 5 km
SI0T30 10k
820730 20km 10 days
§30T30 30 km
S60T30 Basin ave
S05T30 3 km
S10T30 10 kim
S20T30 20 km 30 days
S30T340 30 km

360730 Basin ave
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Fig. 1 (a) Spatial distribution of annual precipitation with different spatial resolution.
(b) Precipitation data with different averaging period at the Fuji River basin, 1997
1999,

In this model, runoff generation at each grid cell is estimated on the basis of the
TOPMODEL concept (Beven & Kirkby, 1979). A river basin is divided into blocks by
referencing land cover, soil type and the basin scale, and model parameters are
subsequently identified for each block rather than for the whole basin. The average
saturation deficit at each time step and the average soil-topographic index are also
thereby calculated for cach block of the basin. The Muskingum-Cunge method is used
for flow routing. This is useful for a large stream network since it can express the flood
wave diffusion and propagation. The parameters for river reach (i.e. width and
roughness coefficient of river segments) are distributed according to the topography
(Ao et al, 199%a; Lu ef ai,, 1989), For more details, see Takeuchi ef ol (1999) and Ao
er al. {(1999b).
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Fig. 2 The Fuji River basin.
Table 2 Model parameters of BTOPMC for the Fuji River basin.

TU i Srmux Sh:uﬁ

(b (m) (m) (m) "
Block 1 6.0 0.0235 0.005 0.1200 0.085
Block 2 12.0 0.0235 0.005 0.0500 0.088
Block 3 10.0 0.0235 0,005 0.1290 0.035
Block 4 12.0 0.0235 0.005 0.0500 0.088
Block 5 10.0 0.0235 0.003 0.0345 0.035
Block 6 16.0 (.0235 (.0035 0.0345 0.035

T @ saturated hydraulic transmissivily of soil,
m: decay factor of 77,

Srex: Maximum capacity of root zong,

Sharp: 1nitial saturation deficit of soil,

ny: Manning roughness cocfficient at the outlet of the block.

EVALUATION
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Using the precipitation data listed in Table I and the distributed hydrological model
presented above, a rainfall-runoff simulation is conducted in the Fuji River basin (Fig. 2).
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The Fuji River with a length of 128 km and basin area of 3570 km’ is located in the central
Honshu Island of Japan. It originates from mountains with a height of 3000 m and flows
down to the Pacific Ocean (RSC, 1997). The grid size of the model is | = 1 km, and the
basin is divided into six blocks. The model parameters are calibrated by trial-and-error
approach. The original Radar AMeDAS precipitation (S05T00 in Table 1) is used as the
input data for the calibrations. The identified parameters are listed in Table 2. The
simulation is carried out for three years (1997-1999).

The difference between the hydrographs of each simulation is evaluated through
the Nash efficiency, £, defined as follows:

Er=1-| Y (0.0-0.07 Y l0,0-0] |Ix100 %) (h

i n

i=l i=l
where (.(i} is referred discharge, 0.(i) is the compared discharge, Q_, is the average of
O:(7), » is the number of data. A higher value of Eyindicates good agreement between
O(7) and O.(7), and £r = 100% means the simulated hydrographs agree with the
observed ones in terms of the variance.

Tuble 3 Results of case studies for Experiments | and 2,

Casc Precipitation:; Evaluation Nash
Data Spatial Temporal Time (T,) efficiency (£
Fxperiment 1: C1-1# S05TO0 3 km 100.0
Cl-2 S10T00 1C km 99.6
Cl-3 S20T00 20 km I hour | day 98.6
Cl-4 S30T00 30 km 935.7
Cl-5 S60T00 Basin ave 947
Experiment 2: C2-1* S05TOL 5km 100.0
C2.2 S10TO1 H km 46,7
C2-3 S20T01 20 km 1 day 1 day 98.9
C2-4 S30T01 30 km 97.1
C2-5 SA0TO1L Basin ave 96.4
C2-6 805705 5 km 80.3
C2-7 S107T03 10 km 77.2
C2-8 S20TQ5 20 km 5 days § days 753
c2-9 530705 30 km 70.8
C2-10 560703 Basin ave 71.7
C2-1 S05TI0 5 km 61.1
c2-12 S10T10 10 km 57.1
C2-13 $20T10 20 km 10 days 10 days 55.1
C2-14 S30T10 30 km 50.5
C2-15 S560T10 Basin ave 523
C2-16 SO5T30 5 km 13.2
C2-17 S10T30 10 km 6.9
C2-18 S20T30 20 ki 30 days 30 days 4.9
Cc2-1% S30T30 30 km 2.4
C2-20 S60T30 Basin ave ~1.8

*The estimated discharge from this data is used as reference discharge O.(i).
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CASE STUDIES

In this study, two different kinds of experiments are designed. Experiment | is
designed to understand the effect of spatial scale of precipitation data on the runoff.
The estimated discharge from the original precipitation data (5 x 5 km, hourly) is used
as the reference discharge O,(7), and the Nash efficiency Ey is calculated for each
hydrograph simulated from the spatially-averaged precipitation. The evaluation time
T., the time scale for calculation of Nash efficiency E;is taken as one day. Experiment
2 is designed to show the effect of both spatial and temporal scale of precipitation data
on runoff. The calculated discharge simulated by using daily precipitation with original
spatial resolution (5 * 5 km) is used as the reference discharge Q.(i), and the Nash
efficiency E is calculated for each hydrograph simulated by using the spatially- and
temporally-averaged precipitation. The evaluation time 7, is the same with the
temporal averaging time for precipitation. For example, the Nash efficiency is
calculated by using 10 days averaged discharge when precipitation data are averaged
over 10 days.

RESULTS AND DISCUSSION

Figure 3 shows the simulated hydrograph using the precipitation data at different
spatial scales. The differences between each hydrograph are not significant except the
pecak discharge. The change in £/ is approximately 5% even when precipitation is
averaged over the basin. In this application, spatial resolution of precipitation does not
significantly influence the accuracy of long-term runoff simulation. Tt is noted that the
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Fig. 3 Simulated hydrograph using precipitation with different spatial scales. In the
figure, 5 km denote the simulated discharge using original Radar-AMeDAS data,
Basin Ave. denote the simulated discharge using basin averaged precipitation, and the
difference between these hydrographs are shown.
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Fig. 4 Change in the Nash efficiency duc to spatial and temporal averaging of the
precipitation. The spatial scale for “basin average™ is represented as 60 km.

results show less influence of the spatial distribution of the precipilation on long-term
runoff simulation if the areally-averaged precipitation is accurately observed in the
basin. The adequate resolution to detect the basin average precipitation is still
problematic.

Figure 4 shows the results of Experiment 2, where the changes in £/ due to spatial
and temporal averaging of the precipitation is disptayed. It can be seen that the
temporal averaging will cause significant difference for long-term hydrological
sitnulation compared with spatial averaging. For example, the difference between daily
precipitation with resolution of 5 km and overall basin is 4.6%. On the other hand, the
difference between E; using daily precipitation and monthly averaged precipitation
with 5 km resotution is more than 85%. One of the reasons for this large discrepancy is
considered to be the change in simulated evaporation. In the case of using temporally-
averaged precipitation, the soil layer will be kept in wet conditions due to the longer
precipitation duration, and this will cause increasing evaporation from the land surface.
For the long-term runoff simulation, the calculation scheme of evaporation within the
model should also be changed according to the femporal scale of precipitation, In
addition, if the precipitation data are temporally averaged, direct runofT will decrease
due to the smaller precipitation rate. This will result in a change in partitioning of the
munoff into surface flow and baseflow at cach grid cell, and the shape of the resulting
hydrograph.

CONCLUSIONS
The influence of spatial and temporal resolution of precipitation data on the accuracy

of long-term hydrological simulation is investigated. The result is as follows: the
spatial resolution of precipitation dose not show significant influence on the accuracy
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of long-term runoff simulation, when the areally-averaged precipitation is accurately
observed for the basin. However, the adequate resolution to observe the basin-average
precipitation is still problematic.

The temporal resolution of precipitation data is sensitive for the long-term
hydrological simulation.

Presently, the study of the Prediction in Ungauged Basins {PUB) is planned. PUB
is an 1AHS decadal initiative to provide hydrological data in ungauged or information-
poor basins. 1t is a scientific endeavor to assemble, promote and build the science and
technology capacity {o predict and estimate the hydrological phenomena without
depending on calibration data. The runofl simulation by using physically-based
distributed hydrological models is one of the key components of PUB. For the
hydrological simulation in PUB, it is necessary to clarify at which time and space scale
runoff is well estimated with rational accuracy. In this study, the impact of spatial and
temporal scale of precipitation is investigated. Further studies would be needed for
different scales of basins.
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