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Abstract. A framework of predictions in ungauged basins (PUBs, taking Paniai lakes
watershed, Indonesia as an example) for hydropower exploration is developed. In this
framework, remote sensing technology and similar watershed method are used to collect
necessary meteorological and topographical data for runoff simulation. Besides, a modified
physical based distributed hydrological model is developed to consider the characteristics
(regulation capacity of the lakes) of the watershed. Finally, considering the modeling
purpose, annual average runoff index is used to assess the modeling results. In the case study
(Paniai lakes watershed), TRMM precipitation, HWSD soil type, and AVHRR landcover
data, combined with meteorological data from two similar watersheds, are collected to drive
the modified hydrological model. According to the model results, the simulated potential
evapotranspiration capacities and annual average runoff coefficients are consistent between
the two cases (modeling with meteorological data of the two similar watersheds), and the
simulated annual average runoff coefficients of the two cases are basically consistent with
the observed annual average runoff coefficient of another similar watershed located in
Indonesia.
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1 Introduction

Numerical modeling is widely used in exploring hydrological processes in many
sectors such as flood forecasting[1, 2], water resources assessment[3, 4], and
projection of climate change impact[5-8]. With the development of water resources
exploration, more and more hydrological modeling is needed in ungauged basins[9-
11]. Many methods have been developed for predictions in ungauged basins (PUBs).
Among these approaches, regression, spatial proximity, and physical similarity
approaches are widely used[12-14]. The main idea of this methods is to transfer
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model parameters from gauged basins to ungauged basins[13]. What is more, the
development of remote sensing methods makes the predictions in ungauged basins
more feasible[15-18].

However, most researches of PUBs are from a perspective of science, focusing on
how to simulate the hydrological process more accurate[19, 20]. In this study, an
object-oriented framework has been developed for PUBs in engineering sectors, in
which prediction purpose is considered as well as natural characteristics of basins.

2 Material and methods

2.1 Study area

A mountainous watershed - Paniai lakes watershed in Indonesia - is adopted for the
application study. The watershed is located in the Paniai Regency in the central
highlands of West Papua province, Indonesia. The total area of the watershed is
1939km? with the elevation varying from 1500 to 5379 meters. Paniai lakes consist
of three large freshwater lakes Paniai, Tigi, and Tage. Among those lakes, Paniai
lake is the largest lake in this watershed. Its surface area is 154km? and the
maximum depth is 44 meters (Figure 1).
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Figure 1. study area.

2.2 Methodology

Since the area is lack of necessary meteorological and topographical materials,
remote sensing technology 1is wused. The Tropical Rainfall Measuring
Mission(TRMM) daily precipitation data, Harmonized World Soil Database(HWSD)
soil type data, and Advanced Very High-Resolution Radiometer(AVHRR) landcover
data from University of Maryland are used to simulate the runoff of this watershed.
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Besides, annual TRMM precipitation data are calibrated according to observed
annual precipitation data from the report of Rainfall in New Guinea. With regard to
potential evapotranspiration (PET), considering uncertainty, we select two
meteorologically and topographically similar basins (here called casel and case2 )
with relatively comprehensive data to offer necessary data such as the maximum and
minimum temperature, relative humidity, and wind speeds to calculate the potential
evapotranspiration of the studied watershed.

The lakes have the strong regulation capacity to the outlet discharge of the watershed.
Considering this characteristic, an advanced physical-based distributed model based
on Swat is developed. The watershed is divided into 5 subbasins (Figure 1) with sub-
area ranging from 43 to 1584km? to consider the meteorological and topographical
distribution. Because the purpose of this study is to evaluate runoff volume for
followed hydropower development and the lakes could diminish the variation of the
runoff, annual average runoff coefficient is used to assess the modeling results,
compared that of another similar watershed.

3 Results and discussion

3.1 Data collection

Daily precipitation data (2001-2016) are got from TRMM. There are 15 TRMM
grids in this watershed (Figurel). the annual TRMM precipitation and grid positions
are shown in table 1 and the annual precipitation and multi-year monthly average
precipitation process for three typical grids (73, 74 and 75) are also given (Figure2,
Figure3). The annual average precipitation in this area range from 3000 to 5200mm
with no obvious spatial distribution pattern. From the perspective of yearly and
monthly precipitation processes, the temporal distribution patterns are relatively
consistent with each other for these three selected typical grids. Besides, 10 years
meteorological data including daily precipitation, daily maximum temperature, daily
minimum temperature, daily average temperature, daily mean relative humidity and
daily mean wind speed are collected from airport meteorological station of Paniai
County. Because spatial distribution of meteorological data cannot be considered
with only a station, these observations are used to calibrate the data got from remote
sensing and/or other hydrological similar basins. The multi-year monthly
precipitation from Paniai airport meteorological station is shown in figure 3. The
result shows that the TRMM precipitation data is relatively accurate.

9 landcover patterns are founded in this watershed, with woodland, evergreen
broadleaf forest, and water accounting for 46.96%, 20.86% and 11.90% of the total
watershed. Besides, there are 3 soil classes including water in this watershed with
sand accounting for 75% of the total watershed.
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Table 1. TRMM grids distribution and multi-year annual precipitation

Grid longitude latitude Annual average
(mm)
43 135.975 -3.625 4439 85
44 135.975 -3.875 3342.69
45 135.975 -4.125 3446.80
53 136.225 -3.625 3501.05
54 136.225 -3.875 3128.43
55 136.225 -4.125 4001.44
63 136.475 -3.625 324498
64 136.475 -3.875 3054.20
65 136.475 -4.125 4828.91
73 136.725 -3.625 3636.09
74 136.725 -3.875 3074.67
75 136.725 -4.125 5206.71
83 136.975 -3.625 4329.61
84 136.975 -3.875 2992.52
85 136.975 -4.125 4692.78
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Figure 2. annual precipitation process.
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Figure 3. multi-year monthly precipitation process(a: TRMM data, b: observed data).

3.2 Modeling result

16 years daily runoff (2001-2016) is modeled based on the materials mentioned
above. Considering our purpose (assessing runoff volume for hydropower
development) of this study and characteristics (regulation capacity of large lakes,
relatively average monthly precipitation process) of the watershed, only annual
average water balance relationship of sub-watersheds for the two cases are analyzed. The
results of Table 2 and Table 3 reveal very small differences of PET, actual evapotranspiration
(ET), and runoff coefficient between case 1 and case 2. The PET, ET, and runoff coefficient
of both the two cases are around 1450mm, 1300mm, and 0.60, respectively. Moreover,
model results are verified through comparing simulated annual runoff coefficients of the two
cases to observed runoff coefficient of another similar watershed. It can be shown that the
simulated annual average runoff coefficients (0.60 for case 1 and 0.59 for case 2) are almost
the same with the observed annual average runoff coefficient (0.62), demonstrating the
validity of the simulation.
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Table 2. water balance relationship (case 1)

Water Are?(km Precipitation PET (mm) ET (mm) Runoff CE:;_?CIZZ
shed ) (mm) (mm) ot
Subl 1584.2 3018.83 1456.58 1292.44 1726.39 0.57
Sub2  192.65 3873.41 1444.59 1252.19 2621.22 0.68
Sub3 62.53 4655.42 1428.70 1258.9 3396.52 0.73
Sub4 56.08 3886.63 1448.35 1274.29 2612.34 0.67
Sub5 43.48 3860.27 1440.02 1257.35 2602.92 0.67
Total
waters  1938.94 3200.49 1453.88 1286.05 1914.44 0.60
hed
Table 3. water balance relationship (case 2)
Runoff
V;laet(elr (ﬁﬁ‘;‘) P (mm) PET (mm)  ET (mm) irl;r;gf coelfflce
Subl 1584.2 3018.83 1484.18 1307.82 1711.01 0.57
Sub2 192.65 3873.41 1472.38 1266.76 2606.65 0.67
Sub3 62.53 4655.42 1456.01 1274.68 3380.74 0.73
Sub4 56.08 3886.63 1476.26 1291.12 2595.50 0.67
Sub5 43.48 3860.27 1467.70 1273.39 2586.87 0.67
Total
waters  1938.94 3200.49 1481.50 1301.42 1899.07 0.59
hed

4 Conclusions

With the development of hydropower in developing countries and districts, we are
facing more and more hydrological prediction problems because of a shortage of
information. In this study, a systematical analysis framework to predict hydrological
process in ungauged areas is developed. A distributed physical based hydrological
model considering the characteristics of the watershed is developed. Besides, remote
sensing technology and similar watershed methods are used to collect necessary
materials to drive the hydrological model. An assessment system according to the
characteristics of the watershed and the simulation purpose is also suggested. Finally,
a case study is performed and the results show that the framework works well.
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