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Abstract. This study approached a physically based, semi-distributed SWAT model to test the
model sensitivity to the spatial distribution of precipitation. Ten scenarios of precipitation from
five scattered rain gauges in an Arctic watershed Mélselv in northern Norway were used as
inputs to run the SWAT model. Streamflows were simulated. The model runs at monthly time
interval based on the historical data of precipitation from 1979-2012. The study used statistical
parameters, values of long-term average monthly streamflow and streamflow hydrograph
between simulated and observed data for sensitivity analysis. The study found that the result of
streamflow simulation is highly sensitive with spatial distribution of rain gauges input. For
instance, the scenarios integrating rain gauge number 3, locating inside the watershed with
lower precipitation amount than average of selected rain gauges, provided model unsatisfactory
(statistical coefficient NSE<0.5) in streamflow simulation. However, streamflow simulation is
satisfactory (NSE: 0.5-0.6) at hydro-gauging station Lundberg far away from rain gauge 3. The
hydrograph showed underestimated streamflow simulation in scenario 3,5,6-10 that integrated
rain gauge 3, while scenario 1,2,4 that excluded rain gauge 3 showed reasonable agreement
between simulated and observed flow. Underestimated streamflow was only found in scenario
3 and 5 at Lundberg. Moreover, the curves of average monthly streamflow showed that the
simulated peak discharge in scenario 1,2,4 was performed better than the remaining scenarios.

1. Introduction

The SWAT-Soil and Water Assessment Tool [1] is a state-of-the-art tool for environmental and water
resources management in a river basin. To perform the simulation, various input data in both spatial
and temporal dimension are necessary to be collected, of which precipitation is considered as the
primary input for the hydrological model [2, 3]. However, the major challenge of the hydrological
model is to accurately simulate the spatial variations of precipitation across the whole river basin [2].
Normally, areal precipitation for the whole river basin is calculated based on monitoring data from
existing rain gauges [2]. However, number of available rain gauges are often inadaquate to accurately
represent the heterogeneous distribution of precipitation in many river basin [2, 4]. This is especially
true in the Arctic region, where rain gauges network are usually scattered. It is, therefore, spatial
variation of selected rain gauges in a data sparse region could influence the hydrological simulation
[3], particularly streamflow which is considered as the most important hydrological variable since it is
an integrated output of the water cycle in the river basin [5, 6]. The influence of spatial variation of
precipitation on streamflow simulation has been proven in some previous studies around the world.
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For instance, Zhao et al. (2011) [7] studied the effects of spatial rainfall variation on streamflow
prediction in the Orara River, Bawden Bridge catchment in south-eastern Australia. They stated that
the large spatial variability of precipitation provided underestimation of the total streamflow volume
as well as the entire daily streamflow. In another study, Aouissi et al. (2013) [8] examinated the
sensitivity of SWAT model to spatial distribution of rainfall in streamflow simulation in a watershed
locating in Mediterranean region namely the Joumine in Tunisia. They concluded that SWAT model
was extremely sensitive to spatial distribution of rain gauges network over the watershed in simulation
of daily and monthly streamflow. Recently, Sirisena et al. (2018) [2] investigated four different
precipitation dataset with different spatial resolution of rain gauges network to simulate streamflow in
the Irrawaddy River basin in Myanmar. They found that the four input datasets of precipitation
significantly impacted on model performance, estimation of model parameters, especially uncertainty
in streamflow simulation. Moreover, other studies also took into account the the effect of spatial
rainfall variation on streamflow simulation such as Arnaud et al. (2002) [9], Segond et al. (2007) [10]
and Arnaud et al. (2011) [11]. Most of these studies focused on the influences of spatial rainfall
variation on simulating the flood events, and they stated that prediction of runoff volume, peak flow
and the timing of hydrographs were impacted by spatial rainfall variation. As many studies were
carried out in various regions around the world including tropical region or arid region, it raises a
question that whether spatial variation of precipitation could influence streamflow simulation in the
Acrctic condition or not. This study was conducted to answer this question.

2. Study area

The Malselv river basin located in the north of Norway was selected as the study area (Figure 1). The
river basin covers an area of 5,912.8 km?. The elevation of ground surface over the whole area varies
from 0 to 1,718 m. According to long-term historical data from the Norwegian Water Resources and
Energy Directorate [12], the average annual precipitation in the study area varies from below 500 mm
to 1,000 mm. The average annual air temperature fluctuates from -5 °C to 6 °C.
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Figure 1. Map of study area and distribution of the rain gauges and hydro-gauging stations
3. Material and methodologies

3.1. SWAT model

The SWAT (Soil and Water Assessment Tool) is a physically based, semi-distributed model that was
developed to simulate the impacts of anthropogenic activities on water resources and associated
environmental issues in a large-scale watershed with complex conditions over long period [13, 14].
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Also, the SWAT model is used to investigate the impacts of climate change scenarios [15]. The model
works based on the following water balance equation [1]:

¢ 1)
SW; = SW, + Z 1(Rday — Qsurf— Ea — Wseep — ng)
1=
where:
e SW, is the final soil water content in mm H,O,
e SWj is the initial soil water content on day i in mm H,0,
e tistime in days,
* Ryay is amount of precipitation on day i in mm H,0,

Qsurr is amount of surface runoff on day i in mm H,0,
E, is amount of evapotranspiration on day i in mm H,0,
®  Wgeep IS amount of water entering the vadose zone from the soil profile on day i in mm H,0,

*  Qgw is amount of return flow on day i in mm H,O.

3.2. Data acquisition

To run the SWAT maodel, several input data from different sources were collected. Digital Elevation
Map (DEM) with 10 m x 10 m resolution, raster of soil type and land use were collected from
WATERBASE (http://www.waterbase.org/download_data.html). Daily precipitation at five rain
gauges, coded from 1 to 5 (Figure 1), was collected from ECA&D-The European Climate Assessment
& Dataset project (https://www.ecad.eu//dailydata/index.php). The other data such as maximum and
minimum air temperature, solar radiation, humidity, wind speed were collected from CFSR-Climate
Forecast System Reanalysis (https://globalweather.tamu.edu/). Totally 34 years (1979-2012) of
precipitation data and other climate data were collected. Measured streamflow from five hydro-
gauging stations namely Hugskarhus, Skogly, Lille Rostavatn, Malselvfossen, Lundberg (Figure 1)
and other datasets such as regulated reservoirs, river systems were collected from NVE-The
Norwegian Water Resources and Energy Directorate [12].

3.3. Sensitivity analysis

3.3.1. Scenarios of precipitation inputs

Ten scenarios of precipitation inputs were developed in this study (Table 1) based on the spatial
distribution of totally five rain gauges scattered over the watershed and its surroundings. The rain
gauges numbered 1-3 are located inside the watershed, while rain gauges 4 and 5 are outside. The first
seven scenarios used the rain gauges inside the watershed, of which three scenarios used single rain
gauge, three scenarios combined two rain gauges and one scenario combined three rain gauges. The
next two scenarios used four rain gauges that combined three rain gauges inside the watershed and one
station outside. The last scenario combined all five rain gauges. The scenarios have stations outside
the watershed aim to examinate the interaction between stations inside and outside the watershed.

Table 1. Scenarios of precipitation inputs

Scenario (sc) Number of rain gauges integration Rain gauge 1D

1 1 1

2 1 2

3 1 3

4 2 1&2

5 2 1&3

6 2 2&3

7 3 1&2&3

8 4 1&2&3&4

9 4 1&2&3&5

10 5 1&2&3&4&5
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3.3.2. Model performance evaluation

The model ran from 1979-2012, with a nine-year warming up period to let the model to reach an
optimal state from the estimated initial condition [16]. The simulated and observed results were
compared using several statistical parameters such as the Nash-Sutcliffe coefficient of efficiency-NSE
(equation (2)), and Percentage bias-PBIAS (equation (3)) which was recommended by Moriasi et al.
(2007) [17]. Also, Pearson Correlation Coefficient-CC (equation (4)) was used to measure the fitness
of the linear relationship between simulated and observed data/results [17].

n s
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o YO?S and YSiirn are the observed and simulated value at time i,

obs sim : : H :
e Y _..,andY ~ . are mean observed and simulated data for the entire evaluation period,

e nis the total number of observations/simulations.
Table 2 illustrates the threshold values of NSE and PBIAS for evaluating the model performance.

Table 2. NSE and PBIAS thresholds for evaluating the hydrological model performance

Model performance NSE PBIAS

Very good 0.75<NSE<1.00 PBIAS<#1.0

Good 0.65<NSE<0.75 +=1.0<PBIAS<%15
Satisfactory 0.50 <NSE<0.65 =+15<PBIAS<#+25
Unsatisfactory NSE <£0.50 PBIAS >+125

CC value should be equal to or greater than 0.5 to indicate that two variables have correlation [18].
4. Results and discussion

4.1. Model evaluation based on value of Pearson Correlation Coefficient (CC)

All ten scenarios of precipitation inputs provided a good linear relationship between simulated and
observed data (Figure 2a). The maximum of CC value was 0.88 and minimum was 0.59. Values of CC
at Lundberg and Malselvfossen hydro-gauging stations were higher than the remaining stations. At
Hagskarhus, the linear relationship between simulation and observation for all scenarios was not
strong compared to other stations.

4.2. Model evaluation based on the Nash- Sutcliffe coefficient of efficiency (NSE)

In general, the first two scenarios sc1 and sc2 provided higher model performance at five hydro-
gauging stations compared to other scenarios, with highest is 0.6 at Skogly (in sc1) and 0.62 at Lille
Rostavatn (in sc2). Scenario 3 and scenario 5 provided unsatisfactory results at all five hydro-gauging
stations. The scenario 4 provided satisfactory result at Malselvfossen and closely to satisfactory at four
remaining stations as value of NSE is close to 0.5. The scenarios 6, 7, 8, 9 and 10 provided satisfactory
results at Lundberg and unsatisfactory result at four remaining stations (Figure 2b).
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4.3. Model evaluation based on Percentage bias (PBIAS)

The scenarios 5-10 provided unsatisfactory results at all hydro-gauging stations. Scenario 1 provided
good performance at Hggskarhus and Skogly, and scenario 2 provided satisfactory results at
Heagskarhus, Skogly, and Malselvfossen. The scenario 3 showed good performance at Malselvfossen,
while the scenario 4 showed good performance at Skogly and satisfactory at Hagskarhus (Figure 2c).

cc NSE PBIAS
a scl b scl C scl
08 = 100
scl0. 0.6 « sc2 SC
sc9 se3 sc9
sc8 scd sc8
sc7 scS sc7
sch sch sc6
-»-Hogskarhus =Skogly -+-Hogskarhus Skogly -e-Hogskarhus =Skogly

Lille Rostavatn Milselvfossen Lille Rostavain Malselviossen Lille Rostavatn Milselvfossen

Figure 2. CC, NSE and PBIAS for different scenarios in monthly time step over 1988-2012 period
4.4. Model evaluation in prediction of streamflow hydrograph

4.4.1. At Hagskarhus (subbasin 408)

Heagskarhus hydrology station locates in the upstream of Malselv compared to other. Also, this station
is very close to rain gauge number 3. The modelling result showed that using precipitation at two
stations 1 and 2 resulted in better streamflow hydrograph, in scenario 1, 2 and 4 (Figure 3a), compared
to other rain gauges, in scenario 3 and scenarios 5-10 (Figure 3b).

4.4.2. At Skogly (subbasin 412)

Skogly station is in downstream of Hggskarhus. These two stations are very close and near rain gauge
station 3. Hence, precipitation input from rain gauge number 3 resulted in similar behavior of
streamflow hydrograph at Skogly and Hggskarhus. For instance, results from scenario 1, 2 and 4
(Figure 3c) were better than results from others scenarios (Figure 3d).

4.4.3. At Lille Rostavatn (subbasin 402)

Lille Rostavatn is in another tributary compared to Skogly and Hggskarhus. However, this station also
received most of precipitation input from rain gauge number 3 like Skogly and Hggskarhus as this
station is also close to rain gauge number 3 compared to remaining rain gauges. Therefore, the
streamflow hydrograph from scenario 1, 2 and 4 (Figure 3e) were better than remaining scenarios
(Figure 3f).

4.4.4. At Malselvfossen (subbasin 444)

Malselvfossen is located almost downstream of Malselv River and close to rain gauge number 1. The
scenarios that used precipitation from this rain gauge station resulted in low model performance
(Figure 3g). However, due to influence of precipitation from rain gauge number 3, like at other
hydrological stations, prediction of streamflow hydrograph at Malselvfossen from scenario 1,2 and 4
(Figure 3h) were better than other scenarios.

4.4.5. At Lundberg (subbasin 381)

Lundberg is located in upstream of Bardu River, which is a tributary of Malselv River. This
hydrological station is in the middle of rain gauge number 2 and 4. Unlike other hydrological stations,
Lundberg is less influenced by precipitation from rain gauge number 3. The model performances,
therefore, were better. For instance, eight scenarios (Figure 3i) performed better than two remaining
senarios (Figure 3j).
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Figure 3. Hydrograph of observed & simulated streamflow at Hggskarhus (a,b), Skogly (c,d), Lille
Rostavatn (e,f), Malselvfossen (g,h) and Lundberg (i,j) over 1988-2012 period
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4.5. Model evaluation in simulation of average monthly streamflow

Monthly streamflow over 25 years from the model was averaged for all five hydro-gauging stations
(Figure 4). In general, scenario 1, 2 and 4 simulated peak flow better than other scenarios. Particularly,
at upstream station, Hggskarhus, the simulated peak discharge was close to observed data at scenarios
1, 2 and 4. It showed similar behavior for scenario 1 at Skogly. At downstream station, Malselvfossen,
peak discharge between simulation and observation was met perfectly at scenario 2, and followed by
scenario 4 and 1. However, at Lille Rostavatn and Lundberg, peak discharge was underestimated for
all scenarios.
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Figure 4. Average monthly streamflow between prediction and observation data at five hydro-gauging
stations over 1988-2012 period
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4.6. Evaluating the influence of number of rain gauges integration on model performance in
streamflow simulation

The study found that increasing number of rain gauges integration did not improve model performance
in streamflow simulation since the present of an unrepresentative rain gauge, particularly rain gauge
number 3 close to Hagskarhus and Skogly hydro-gauging stations. Precipitation amount at rain gauge
number 3 is much smaller than other rain gauges. For instance, the average annual precipitation over
1979-2012 period at this rain gauge is around 344 mm, while it is 683 mm, 922 mm, 855 mm, and 831
mm at rain gauge 1, 2, 4 and 5 respectively (Figure 5). Therefore, the selected rain gauge, rain gauge
number 3, could not represent the precipitation of the nearby subbasins or for the whole watershed.
Especially, in SWAT model, the nearest neighbor search (NNS) approach was used to calculate the
areal precipitation for each sub-basin, and this could result in inaccurate representation of precipitation
input for each sub-basin. Therefore, the subbasins, which received precipitation from rain gauge
number 3 or integrated precipitation from such rain gauge with other stations, have inaccurate results
of streamflow simulation. The hydrograph in Figure 3 illustrated reasonable agreement between
simulated and observed streamflow at the monthly time step for five hydro-gauging stations when
using precipitation from rain gauge number 1 and 2, but it was unsatisfactory when using precipitation
from rain gauge number 3 and in scenarios integrating it with other rain gauges. It showed the same
behavior for prediction of peak flow. Hence, it could conclude that rain gauge number 3 only
represents for local precipitation and could not represent for the whole watershed.

Long-term annual precipitation for 1979-2012 period
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Figure 5. Long-term annual precipitation at five rain gauges over 1979-2012 period

5. Conclusion

Precipitation is the primary input variable to the hydrological model. Several previous studies have
confirmed the influence of the spatial distribution of precipitation on streamflow simulation in
different regions around the world. This study again tested such hypothesis but in the Arctic condition.
Ten scenarios of precipitation input were set up for the investigation in this study. The scenarios were
built based on five scattered rain gauges locating both inside and outside the watershed. The study
detected one rain gauge (rain gauge number 3) in totally five rain gauges that highly impacted the
modelling results as well as model performance. Precipitation from rain gauge 3 itself and integration
of this rain gauges with others leaded to model unsatisfactory. The reason is because of precipitation
amount at rain gauge 3 is much smaller than its in other stations. Therefore, it leaded to unaccuracy in
calculating the representative areal precipitation for the nearby sub-basins, and then influenced the
simulation results of runoff and streamflow. However, streamflow simulation at the hydro-gauging
station (at Lundberg) that locates far away from rain gauge 3 has less influenced by precipitation input
from this rain gauge. This obviously indicated the effect of the spatial distribution of rain gauges
across the watershed. Simulation of the average monthly streamflow, especially peak flow of the
hydrograph was highly influenced by the present of rain gauge number 3. Herein, peak flow of the
hydrograph was much underestimated compared to observed data for the scenarios using precipitation
input from rain gauge number 3.
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