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Abstract 
 
Computer modeling is the powerful tool for simulating nature’s behavior; however, still more 
efforts are need for reaching perfect simulation with computer models (especially in the 
hydrological field of study). In this Master’s thesis, the accuracy of the HEC-HMS computer 
model for long term rainfall-runoff simulation was evaluated across Sweden. Five different 
catchments from north to south of Sweden were selected and then simulation have done for 
34 years of available data. Simulation was conducted using daily, monthly and yearly time 
scale resolutions. Results from the north to the south of Sweden were completely different. 
Simulated runoff and observed runoff in northern catchments followed the same pattern over 
different time scales but in the southern part of Sweden the results had different patterns in 
space and time. The best results with HEC-HMS were found in the northern catchments with 
steep main river slopes. In the southern catchments the model could not predict runoff in any 
realistic manner at any time and space scale. In total the HEC-HMS model cannot simulate 
the rainfall runoff for long periods of simulation across Sweden. This is especially true in 
southern parts of the country dominate with low elevation catchments. However, with regards 
to its ability for event-based simulation HEC-HMS could be a suitable tool to simulate flood 
event discharges that are needed for road or other hydraulic structures designs. But, this 
would require significant amounts of calibration and model development.     
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1. Introduction 
1.1. Background 

Hydrological modeling is a technique for predicting and simulating how catchments respond 
to rainfall. Hydrological models have been used for many years. For example, the rational 
model was the first ones used to predict peak flow (Mulvaney, 1850). More recently, models 
have been used to estimate impacts and changes in hydrological cycles and water resources. 
Hydrological cycles in catchments can be strongly affected by human activities. Agricultural 
activities, dam constructions, industrial development and urbanization are some of the human 
activities that can change the land surface and have an effect on natural hydrological cycles. 
Understanding response and change brought about by such new phenomena and predicting 
the impact of change on future events can be achieved by using modeling methods. Computer 
modeling thus allow us to prepare robust and cheap tools in order to simulate future 
hydrological events.  
    
Predicting future events can be difficult since climate and land use changes together can 
cause complicated consequences that effect hydrological cycles around the world. Predicting 
future events such as floods is the main concern for authorities and can have fundamental 
effect on every land and water management plan (Razi et al., 2010; Halwatura and Najim, 
2013). In addition to the difficulty of estimating coupled changes, even the choice of 
modeling can have an impact on results. For example there are distributed and lumped 
models for simulating catchment behavior during flood events. Every method has some 
advantages and disadvantages. Models that are more complicated do not guarantee 
predictions that are more precise. Distributed models for example need more data than 
lumped ones. Lack of data thus is one of the main issues and limitation for accurate 
simulation and with regards to which model we select for the problem at hand. Basin 
properties and the main hydrological objectives to be modeled thus are essential in the model 
selection (Hunukumbura et al., 2008; Halwatura and Najim, 2013). Of course, there are many 
distributed and lumped models available to simulate rainfall runoff within catchments. The 
challenge is to select the appropriate model type matching the data available while still able 
to estimate the hydrological objective at hand.   
 
Rainfall-Runoff simulation is one of the most important parts of any hydraulic structure 
designs. For roads, bridges, dams, culverts and in general any types of structures that interact 
with streams, rivers and lakes the rainfall-runoff simulations have the main role. More precise 
prediction can reduce the risk of failure. For long term water management and pump stations 
the rainfall-runoff simulation has the main role. There are many studies that use HEC-HMS 
modeling in order to simulate rainfall-runoff around the globe. In Sweden some studies have 
done in the fields of road impacts on hydrological system and also simulating rainfall-runoff 
in Kävlinge River Basin (Nickman et al. 2016; Wicher 2017).  
 
Computer models used in hydrology need to find a good estimation of rainfall-runoff with the 
available data. There are lots of distributed and lumped models, but all of these models have 
some limitations and special coefficients that could change in different areas. Some of these 
models are more practical than others such as HEC-HMS that has been used in many 
different areas around the world. It is a user-friendly model and needs low input data in 
comparison to CASCIID and PRMS that are distributed models.  
In this study the main goal is to find out if HEC-HMS can be used for simulating the long 
term rainfall-runoff in different parts of Sweden over the scale of yearly, monthly and daily 
simulations.  
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1.1. HEC-HMS (Hydrologic Engineering Center - Hydrologic Modeling System) 

US army corps of engineers developed HEC-HMS model. This model can simulate many 
hydrological issues such as urban floods, flood frequency, water compounds and spillways 
capacity, sediment and water quality, rainfall and runoff simulation, etc.  
 
For simulating the rainfall runoff in the catchments, the process starts with watershed 
physical description, meteorology description, hydrologic simulation, parameter estimation, 
analyzing simulation. Forecasting future flows, sediment and water quality are the other 
capabilities of the model. Infiltration, excess precipitation and base flow are three main parts 
of hydrograph simulation in catchments and have the fundamental effects on the results in the 
model. HEC-HMS can be used for simulating short term and long term rainfall-runoffs. 
There are different methods for simulating the rainfall-runoff for short and long term periods, 
for example Soil Conservation Service Curve Number method uses for short term periods and 
soil moisture accounting uses for long term ones. Each method needs some input data that 
related to catchments properties, soils and land use. Meteorological data such as rain and 
temperature are also the fundamental input data for simulation. HEC-HMS widely used in 
different catchments around the world because it is a user friendly model and also it is a 
practical model.  
 
Four major components make the main structure of the HEC-HMS. 1) Analytical part that is 
used to calculate surface runoff and channel routing. 2) Graphical part that illustrates 
hydrologic system components. 3) Data store and management part for keeping large time 
variable data sets. 4) Reporting model outputs part (Bajwa and Tim, 2002; Halwatura and 
Najim, 2013). 
 
HEC-HMS contains nine different loss models. Some of them are suitable for short term 
(event simulation) and some for continuous long term period simulation. Soil moisture 
accounting and Deficit and constant method are designed for long term loss simulation and 
used in this study. Stream flow simulation methods are Snyder unit hydrograph, Clark unit 
hydrograph and Soil Conservation Service Curve Number (SCS) unit hydrograph. In some 
studies Snyder and Clark used for long periods of simulation (Yilma and Moges, 2007; 
Hunukumbura et al., 2008; Fang et al., 2005; Cunderlik and Simonovic, 2010; Strub et al., 
2000; Banitt, 2010; Halwatura and Najim, 2013). In this study SCS unit hydrograph uses for 
stream flow simulation.  
 
2. Material and Methodology 

2.1. Study Area 
In this study, five different catchments across Sweden have been chosen. Table (1) shows the 
catchment characteristics and the coordinates of hydrometric stations considered. Figure (1) 
shows the catchments positions in Sweden. Catchment names are the same as the hydrometric 
stations. These catchments were selected given their span of Sweden and potential for 
representing the variation expected with regards to rainfall-runoff processes. 
 
 
Table 1 Catchments characteristic and Hydrometric Stations’ coordinates 
   Coordinates  SWEREF99TM 

Name Area(km2) Main River Length(m) N E 
OSTVIK 149.6 20.9 7211201 786937 

TÄNNDALEN 226.6 25.4 6936789 363580 
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VATTHOLMA 2            261 34.7 6656739 652189 
BRUSAFORS 240.4 15 6386337 534226 

HEÅKRA 146.8 21.7 6189666 414559 
 

 
Figure 1 Catchments position in Sweden 

 
The Vattholma catchment (Figure 2) is located between the geographic coordinates 60° 16' 
49.68" - 60° 0' 22.46" N latitude and 17° 40' 27.38" - 17° 59' 27.18" E longitude. The catchment is 
located near to Uppsala in the middle of Sweden. Elevation in the catchment ranges from 0 m 
to 74m above sea level. The main river length is 34.7 km and the catchment area is about 261 
km2. It should be noted that the catchment delineation for this (and all catchments) has done 
based on publicly available 50m digital elevation maps (maps.slu.se). The basin area contains 
houses and roads and the majority of the area covered with trees with some agricultural lands. 
Some parts of the catchment area contain clear cut forest and grasslands. The catchment 
contains lakes that can potentially be changing by increasing and decreasing water levels.  
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Figure 2 Vattholma catchment in Google earth map 
 
 
 
 

 
Figure 3 Tänndalen catchment in Google earth map 
 
Tänndalen catchment (Figure 3) is located between the geographical coordinates of 62° 40' 
42.50" - 62° 28' 40.32" N latitude and 12° 2' 39.20" - 12° 22' 5.80" E longitude. As such the 
catchment is located in the North West of Sweden close to the Norwegian border. Catchment 
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elevation is ranging from 718 to 1257 meters above sea water level. The catchment area is 226.6 
km2 and the main river length is 25.4 km. Catchment contains mountains and different type of land 
covers such as woodlands, grassland and lakes.  
 

 
Figure 4 Ostvik catchment in Google earth map 
 
Ostvik catchment (Figure 4) is located between the geographical coordinates of 65° 1' 34.36" - 
64° 53' 4.82" N latitude and 20° 43' 23.06" - 21° 7' 20.48" E longitude. The catchment is located in 
the northern part of Sweden. The catchment elevation ranges from 17 to 265 meters above sea 
water level. The catchment area is 149.6 km2 and the main river length is 20.9 km. Most of the area 
covered with woods. The urban area is negligible and there is a lake close to the catchment exit 
point.  
 

 
Figure 5 Heåkra catchment in Google earth map 
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Heåkra catchment (Figure 5) is located between geographical coordinates of 55° 55' 50.00" - 
55°48'17.41" N latitude and 13° 35' 18.25" - 13° 54' 9.00" E longitude. The catchment is in the 
southern part of Sweden. The elevation in the catchment varies from 71 to 193 meter above sea 
water level. There is no discernible lake in the catchment. 
 
 

 
Figure 6 Brusafors catchment in Google earth map 
 
The Brusafors catchment (Figure 6) is located within the geographical coordinates of 
57°40'17.23"- 57°34'58.57" N latitude and 15° 23' 7.34"- 15° 34' 38.68" E longitude. The elevation 
in this catchment ranges from 139 to 274 meters above sea water level. Most of the area is 
covered with woods.  
 

2.2. Soil types in the catchment 
Soils types have a fundamental role for calculating the infiltration and runoff at the catchment 
scale. Each soil type has a specific infiltration rate. Rate of infiltration is important in order to 
calculate runoff. Soils types in the catchments are shown in table (2).  
 
 
Table 2 Soils type percentage in the five catchments 

Soil Types [%] in each catchment 

Soil Types  Ostvik Tänndalen Vattholma Brusafors Heåkra 
Peat 18.94 8.01 19.45 9.40 11.40 

Fine soil / clay 4.28 0.00 11.91 0.00 0.62 
Coarse Ground 16.58 0.01 1.55 1.64 4.22 

Moraine 39.66 73.00 57.35 67.53 80.98 
Thin soil and bare rock 8.60 9.33 6.16 8.94 0.11 
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Lake 1.98 7.26 3.06 1.69 0.00 
Silt 5.44 0.00 0.00 0.01 0.05 

Urban 0.00 0.00 0.00 0.00 0.17 
Glacial river 4.52 2.39 0.50 10.79 2.45 

TOTAL 100 100 100 100 100 
 

2.3. Land use 
Land use also has a fundamental role for calculating surface runoff. For example by changing 
the land surface, the soil infiltration could change significantly. In urban areas and 
agricultural fields human activities can for example considerably decrease or increase the soil 
infiltration, respectively. Woodland, grassland, wetlands and other types of land surfaces 
could change the dominant runoff processes at catchment scale. Table (3) illustrates the 
different land uses and the percentage area covered by each land use in all five catchments. 
 
 
 
Table 3 Land use percentage in the five catchments 

Land use [%] 

Land use [%] Ostvik Tänndalen Vattholma Brusafors Heåkra 
Glacier 0.00 0.00 0.00 0.00 0.00 
Land 5.28 0.00 12.00 9.06 51.89 

Bare mountains and thin soils 0.00 8.35 0.00 0.00 0.00 
Marsh 0.00 0.00 2.27 0.00 0.00 
Bog 0.33 7.19 3.13 0.16 2.02 
Lake 1.98 7.26 3.06 1.69 0.00 

Wooded 92.00 24.51 77.93 87.96 43.51 
urban 0.41 0.86 1.61 1.14 2.59 

Other soil 0.00 51.83 0.00 0.00 0.00 
TOTAL  100 100 100 100 100 

 
 

2.4. Data resources  
The observed rainfall, runoff, temperature, wind speed and other meteorological data were 
obtained from Swedish Meteorological and Hydrological Institute (SMHI) for all five 
catchments. The data period considered here was 34 years (1979-2013) based on consistent 
available data across the five catchments. In addition to hydroclimatic data, map data were 
collected from publically available data base (maps.slu.se) such that land use and soil type 
area could be extracted within a geographical information system (ArcGis 10.4). These data – 
land use in particular- were compared with high resolution images within Google Earth for 
validation. Figure (7) illustrates an example of the soil type map for the Vattholma 
catchment. 
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Figure 7 Soils types in the catchment area 

 
 

2.4.1. Required data for hydrological model 
In this study daily runoff was simulated by HEC_HMS 4.1 and compared with measured 
daily records. Required data for the different hydrological simulation methods considered are: 
area of catchments, landuse patterns, daily rainfall, daily river discharge, base flow, 
temperature, wind speed, soil types in catchments, and coverage of impervious areas. While 
some of these data are recorded daily in meteorological station, some of them were extracted 
from maps or literature sources (see previous sections). Regardless of source, data has an 
important role in simulation modeling and for an initial conceptualization of differences 
among the five catchments considered. As such, the following summarizes a brief 
characterization of the topographical, geological and hydroclimatological setting for each of 
the five catchments. 
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2.5. Catchment setting and initial comparison 
2.5.1. Topographical maps 

Topographic maps illustrate the catchments’ elevation changes. Precipitation in the 
catchments can be different based on elevation. Temperature changes from the flat areas to 
the mountainous can also vary. Topographic maps also give a clear vision of the elevation 
changes in catchments and the main river path.  

 
Figure 8 Ostvik contour map 

Ostvik catchment contour map is shown in figure (8). The contour map gives a clear view of 
elevation changes from the highest values in the river upstream at 265 meter and the lowest 
elevation at 17 meter. The red color in the map is the highest elevation and the green is the 
lowest one. The blue point in the map is the exit point or the hydrometric station. In this 
catchment, changing elevation from upstream to the downstream is vibrant implying steeper 
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slopes. But in some catchments, it is not so clear and sometimes slopes and flow directions 
may be controversial especially in the flatter areas.  
 
 

 
Figure 9 Tänndalen contour map 

  
Tänndalen contour map is shown in figure (9). Tänndalen contour map shows elevation 
change from 718 meter to 1257 meter. At first look at the contour map, finding the upstream 
and downstream of the river is not clear. Highest elevations are not in the upstream of the 
river, they are along the left and right bank of the river. The lakes in the catchments are signs 
of low elevation changes from the upstream to the downstream along the main river.  
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Figure 10 Vattholma contour map 

 
Vattholma contour map illustrates in figure (10). Catchment topography map shows that 
changing elevation in this catchment is between 21 meters to 74 meters. This illustrates very 
low elevation change for this relatively large catchment. In the upstream part of the river, the 
catchment border is hard to define because of low elevation change. In the middle of the 
catchments there are several locations of the same elevation. The flatness of the catchment 
potentially causes low lateral water movement during rainfall. The water could, for example, 
be held as storage in these flat areas. 
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Figure 11 Brusafors contour map 

Brusafors contour map illustrates in figure (11). Land elevation changes between 139 m to 
274 m and highest elevations are in the north and south of the catchment. The main river 
flows from west to east. The main relief is 35m between upstream and downstream of the 
main river.  
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Figure 12 Heåkra contour map 

 
Heåkra contour map is shown in figure 12. Heåkra contour map shows the highest elevation 
in the upstream of main river and it is clear to define upstream and downstream of the river. 
Relief in the catchment is around 122m.  
 
 
 
Table 4 summary of catchments physical properties 

Catchments Area(km2) Max El. (m) Min El. (m) ΔEl. (m) 
Main River 

Length (km) 

Average 

Main River 
Slope (%) 

Ostvik 149.6 265 17 248 20.9 1.1 



14 
 

Tänndalen 226.6 1257 718 539 25.4 2.1 

Vattholma 261 74 21 53 34.7 0.15 

Brusafors 240.4 274 139 135 15 0.9 

Heåkra 146.8 193 71 122 21.7 0.5 

 
 

2.5.2. Stream orders 
Stream order classification originally mentioned by Horton (1945) and modified by Strahler 
(1954-1957) is among the most applicable and objective method to classify catchments. 
Horton’s law of stream classification has a close relation with other classifications methods. 
In this method of classification, the unbranched tributaries are defined as first order streams. 
Then, when two first order streams join a second order stream is created. A higher stream 
order is formed when two streams with the same order join otherwise the stream order 
remains the same as the order of higher of the two streams joining. Stream discharge, channel 
size and catchments dimensions are all potentially related to stream order (Strahler, 1957).  
 
In this study because Digital Elevation Model (DEM) maps and ArcGis are used to find 
stream order in an autonomous manner, every single points in the map participated in the 
stream order definition process. Therefore the stream order is larger than the real stream order 
would be. However, since the objective method is consistent (as is the data scale) across all 
catchments, the resulting stream orders are still relatively comparable across this study. 
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Figure 13 Stream order map for Ostvic catchment 

 
Ostvik stream order map illustrates in figure (13). In this catchment, the maximum stream 
order is 8 as two main branches with orders of 7 join close to the catchment exit point thus a 
stream order 8 is formed.  
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Figure 14 Stream order map for Tänndalen catchment 

 
Tänndalen stream order map illustrates in figure 14. The stream orders in this catchment area 
change from one to eight. The distribution of stream orders in the catchment shows that most 
of the area is covered with the stream orders of 1 to 3. Tributaries with the stream order of 7 
join and create the stream order of 8 in the middle of the catchment. The stream order 
remains the same from the middle of the catchment to the exit point however several streams 
with lower stream order join the main river. 
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Figure 15 Stream order map for Vattholma catchment 

 
Vattholma stream order’s map illustrates in figure 15. Stream order in this catchment is also 
from one to eight. The distribution of stream orders in the catchment shows that streams with 
orders of 3 to 6 are spread over the whole catchments area.   
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Figure 16 Stream order map for Brusafors catchment 

 
Brusafors stream order map illustrated in figure 16. In this catchment, the stream order 
number changes from one to seven. The stream follows the shape of leaves veins. Many of 
stream length have the stream order number of 4 to 7 and they spread over the whole 
catchments area. 
 
 
 



19 
 

 
Figure 17 Stream order map for Heåkra catchment 

 
Heåkra stream order map illustrates in figure 17. In this catchment, the stream orders are 
between 1 to 8. Most of the stream length contains streams with orders between 1 to 3. 
Stream with orders between 3to 6 are spread among catchment area.  
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2.5.3. Catchments Climatology 
2.5.3.1. Precipitation 

Precipitation is the main source of water generating runoff in catchments. In the studied 
basins, precipitation consists of rainfall and snow. During the cold period of year, the 
precipitation falls mainly as snow and in the warm period of year, it falls as rain. Typically, 
rain cause quick runoff and snow is the main source of base flow or slow runoff. Snow 
melting has a close relation with the air and ground temperature and rainfall on top of snow 
pack can accelerate melting process. Yearly distribution of the precipitation can influence the 
whole stream response. For example, in some areas precipitation is limited to only some 
months and the rest of year is dry; however, in some other areas precipitation is evenly 
distributed during the whole year and the dry period is very short. Yearly and monthly 
averages of precipitation in five catchments are shown in table (5). 
 
Table 5 Yearly and Monthly averages of precipitation 
Catchments Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Yearly 
Brusafors 49.7 38.6 37.7 39.9 50.6 81.8 86.3 80.2 65.1 64.9 58.7 59.9 713.3 
Heåkra 77.5 59.5 56.5 42.2 54.2 77.7 84.1 84.3 76.5 85.1 82.7 86.4 866.8 
Ostvik 54.0 37.0 42.9 33.5 45.4 66.4 86.9 86.0 74.8 72.0 66.3 58.1 723.3 
Vattholma 41.9 30.2 33.2 34.8 38.2 67.2 66.0 83.1 58.0 58.3 59.4 52.9 623.1 
Tänndalen 79.2 59.4 57.6 47.3 61.1 91.6 106.7 110.3 89.2 80.7 77.2 71.5 931.9 
 

 
 

Figure 18 Monthly average precipitations 
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Figure 19 Yearly average precipitations during study period (1979-2013) 
 

2.5.3.2. Temperature 
Temperature has a main role in evaporation and evapotranspiration in catchments as it is 
tightly coupled to energy available. Temperature also reflects alteration of precipitation type 
from rain to snow that impacts the amount of runoff. Temperature also increases or decreases 
the rate of snow pack melting. Temperature thus has an important role for simulating the 
rainfall-runoff in catchments. Table (6) and figure (20) show the monthly averages of 
temperature in five different catchments. 
 
Table 6 Average monthly temperature in five different catchments (1979-2013) 
Catchments Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Brusafors -2.6 -2.7 0.1 5.0 10.3 13.8 16.2 15.1 10.8 6.2 1.8 -1.4 
Heåkra -0.8 -0.8 1.6 5.9 10.7 14.1 16.6 16.1 12.2 8.0 3.6 0.6 
Ostvik -8.5 -8.6 -4.5 1.0 7.1 12.4 15.3 13.4 8.5 2.8 -2.8 -6.7 
Vattholma -3.5 -3.4 0.6 5.7 11.1 14.8 17.0 15.0 10.3 5.6 0.9 -2.3 
Tänndalen -10.0 -9.7 -6.6 -1.8 3.7 8.0 10.7 9.3 5.0 -0.1 -5.5 -9.5 
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Figure 20 Monthly Average temperatures in five catchments 

 
Table 7 Maximum temperature in five different catchments (1979-2013) 
Catchment
s 

Jan Feb Ma
r 

Apr May Jun Jul Aug Sep Oct Nov Dec 

Brusafors 7.9 9.7 11.1 17.4 19.3 23.1 25 23.6 18.7 16 11.4 9.2 
Heåkra 8.0

7 
9.4

7 
10.3 17.6 19.4

7 
23.0

9 
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8 
23.5
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20.3 15.6 11.8
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3 
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18.0
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4 
7.83 6.5

8 
Vattholma 7.3 9 14.5 18.2 23 25.7 26.2 24 21 15.7 10.7 7.8 
Tänndalen 2.4

5 
4.7

7 
4.61 8.13 15.0

9 
18.6
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8 
17.6

4 
15.4
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11.4

8 
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Figure 21 Monthly Maximum temperatures in five different catchments 
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Table 8 Minimum temperature in the catchments (1979-2013) 
Catchments Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Brusafors -26.2 -21.1 -16.6 -4.7 0.8 3.9 9.8 6.2 2.1 -5.3 -12.3 -18.2 

Heåkra -20.26 -15.28 -12.44 -1.68 1.52 6.31 10.67 10.17 5.13 -2.85 -8.86 -16.95 

Ostvik -34.25 -30.28 -22.81 -9.99 -3.17 4.28 8.83 5.49 -1.09 -11.73 -22.26 -30.18 

Vattholma -27 -23.2 -15.8 -3.7 0.5 6.2 10.2 7.1 0.8 -6.5 -20.9 -25.5 

Tänndalen -41.26 -35.1 -26.08 -14.12 -9.3 -1.12 2.93 1.37 -3.37 -19.56 -30.18 -32.8 

 

 
Figure 22 Minimum Temperature in five catchments 

 
2.6. HEC-HMS Simulation methods 

Two different methods within HEC-HMS were used for runoff simulation. Both methods are 
mostly used for long period simulation (e.g. Soil Moisture Accounting and the Deficit and 
constant model).  
 

2.6.1. Deficit and constant loss model 
In this loss model the maximum potential rate of precipitation loss, fc, is constant during an 
event. The excess precipitation (described based on mean areal precipitation) and 
precipitation loss for different time intervals can be described as follows: 
 
pet =��� − �� �� �� > ��0              ��ℎ������                                                                                                                     (1) 
 
In which, pet is excess precipitation, pt is the mean areal precipitation depth during the time 
intervals t to t+Δt. The model contains initial loss which is the amount of precipitation loss 
including the water that stays in the surface by cover absorption or topographic depression 
such that it can evaporate or infiltrate. For this method runoff starts after this initial loss value 
is fulfilled. In this model, precipitation loss can recover after a prolonged period of no 
precipitation. Runoff occurs after the amounts of precipitation exceed the initial loss volume. 
Thus, excess precipitation can be described in different conditions as follows: 

pet=�       0                                             �� ∑�� < ���� − ��                                    �� ∑�� > ��         0                           �� �� > �� ��� �� < ��  ��� �� > ��                                            (2) 
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The deficit and constant model includes two parameters: the initial loss and constant rate of 
precipitation loss. Both of these are related to soil characteristics in catchment area, land use 
and antecedent conditions. For saturated soil conditions the initial loss equals zero. In dry 
condition, the initial loss is the maximum of soil capacity of precipitation absorption before 
runoff occurs. Soil classifications in this model are based on infiltration defined by (SCS) 
(1986). Skaggs and Khaleel (1982) have published estimations of infiltration for the 
classified soils. Table (9) shows the infiltration ranges based on soil types. 
 
Table 9 SCS soil groups and infiltration loss rates (SCS, 1986; Skaggs and Khaleel, 1982) 
Soil Groups Description Range of loss rates (in/hr) 
A Deep sand, deep loess, aggregated silts 0.30-0.45 
B Shallow loess, sandy loam 0.15-0.30 
C Clay loam, shallow sandy loam, soils low in 

organic content, soil usually high in clay 
0.05-0.15 

D Soils that swell significantly when wet, 
heavy plastic clays and certain saline soils 

0.00-0.05 

 
Calibration is necessary for reaching suitable answers (values) for this study because of a lack 
of measurements of soil infiltration for the whole catchment area over each catchment. Table 
(9) can, thus, be useful for the first step of simulation. 
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2.6.2. Soil moisture accounting 
This model is a continuous model that simulates both wet and dry periods. Water movement 
simulation from surface to ground water is the main goal of this model in different areas. 
 

 
Figure 23 Schematic conceptual algorithm of soil moisture accounting (Bennett, 1998) 

 
The catchment in this model is described as different layers of storages as illustrated in figure 
23. Each storage has the rate of inflow, outflow and storage capacity that in total describe the 
excess amount of water that causes runoff. In this model the canopy interception component 
(Figure 23) shows the amount of precipitation that captured by trees and all types of 
vegetation. It is the first storage that must fill before precipitation can reach to other storages. 
The water that held by this storage is trapped until it evaporates. The next storage module is 
the surface interception storage that represents the portion of water held in the surface 
depressions. The input to this storage is precipitation that is not absorbed by the canopy. The 
water in this storage evaporates or infiltrates into the soil layer. If the infiltration rate were 
less than the excess precipitation, then the excess water accumulates in the surface 
depressions and after filling it the excess water creates runoff. The soil profile storage shows 
the amount of water held by the top layer of the soil. Outflow in this part can be 
evapotranspiration (ET) and percolation to the groundwater (Figure 23). It contains two 
zones: the upper soil profile zone and the tension zone, the upper layer loses water by ET or 
percolation but the tension layer only loses water by ET. 
Finally, there are groundwater layers that could be one or two in this model. The groundwater 
layers represent the horizontal flow processes. Water percolates from soil profiles to ground 
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water storage. Stored water in ground water storage layers is lost by groundwater flow or 
deeper percolation. Soil profile percolation enters into the first ground layer. Stored water 
then can percolate from layer one to layer two and from layer two to deep percolation. Water 
that deep percolates exits and is lost from the system. The other layers can move laterally to 
the stream as groundwater. 
 

2.7. Statistical assessment  
Time series are the fundamental parts of hydrological simulations in catchments and the 
evaluation of model results and observations data can be the controversial parts of all 
hydrological model studies. Many researchers use the common method for evaluating time 
series by using the sum of the squared differences (James and Burgess, 1982; Perrone and 
Madramootoo, 1997; Babel et al., 2004; Najim et al., 2006; Halwatura and Najim, 2013), this 
statistical method is also called ‘coefficient of performance for error series A’ (CPA) which is 
shown as: CP� = �(S��

��� − O�)�                                                                                                                              (3) 

  
Where S_i=ith simulated parameter; O_i=ith observed parameter; by dividing this value to 
the series length, the individual error values within the series can be obtained and 
subsequently called coefficient of performance (���� ). 
 ���� = ���∑ [�� − ����)�����                                                                                                                     (4)  
 
Where   ���� = ���� �� �ℎ� �������� ��������� ; ��� � = ����� ������ �� ������ 
 
The relative error (RE) is also another method to evaluate the model performance (Bennett et 
al., 2013; Halwatura and Najim, 2013). The percentage of relative errors defined as: RE% = �S − OO × 100�                                                                                                                          (5) 
Where S is simulated value and O is observed value. 
The percentage RE could be positive or negative. Positive means that the model over predicts 
observed values and negative means that a model under predicts the results.  
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3. Results 
3.1. Rainfall runoff simulation by deficit and constant method 

The deficit and constant method were used for long term simulation. In the basic sense, this 
method has several variations and parameter settings to consider. For example, this method 
contains initial deficit (mm) and maximum storage (mm), constant rate (mm/h) and 
impervious (%). In this method of the model the initial loss can recover after a long period of 
no rainfall. Moisture reduction is calculated as the first round abstraction volume less 
precipitation volume plus recovery volume during dry period. The summation of percolation 
and evaporation rate or the portion of them related to storage volume is defined as recovery 
rate. Thus, soil type has the main role for initial calculations. Further, considering the runoff 
routing, there are different transformation methods such as Clark unit hydrograph, Snyder 
unit hydrograph and SCS unit hydrograph. Each transform method needs some input 
parameters, the Clark unit hydrograph method needs time of concentration (h) and storage 
coefficient (h), the Snyder unit hydrograph requires standard lag (h) and peaking coefficient, 
and the SCS unit hydrograph needs lag time (min) and graph type. The model results were 
compared to the observed discharges and also the coefficient of performance (CPA’) was 
calculated. In the following graphs the simulated and observed runoffs are shown (Figures 1 
to 5) for the period of 1979 to 1983. This small period was chosen just to be clearly seen in 
the figures, but the simulation has done for 1979 to 2013. In the first steps the model results 
and the observation were not close to each other in all catchment simulations. In order to 
reach to better results, changing the methods considered and the initial parameters values was 
inevitable. Changing the constant rate (mm/h) could influence the results significantly, 
therefore this parameter was changed by a certain rate to find the closest CPA’ value to zero. 
Here closer CPA’ values to zero mean better correlation between simulated and observed 
discharges. It is also possible to compare the daily runoff results visually however it is not 
very precise. Still, if the simulation and observed discharges are very different it is very easy 
to realize this from the graphs and faster than spending lots of time to do CPA’ calculations. 
How each catchment responds to implementation of the deficit and constant method was 
different. It could be possible that a catchment’s topography and also geographic position 
influence the simulation results.  
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3.1.1. Daily runoff simulations 
 

 
Figure 24 HEC-HMS results for Ostvik catchments during 1979 - 1983 
 
The simulation results for daily runoff in Ostvik catchment show that the model can predict 
the runoff peaks better than the low runoff during the study period. In figure 24 just the 
period of 1979 to 1983 is shown but the results for longer period were the same and the 
model detected the daily peak runoff well in the entire time period. The observed hydrograph 
shows one high peak runoff in some years but it is possible that there can be more than one 
peak during a year. For example during 1980 there is only one high peak runoff that is around 
12 (m3/s) and it is predicted by the model. For year 1981 there are more than one peaks in 
runoff, the first peak discharge is predicted by the model in time and scale very precisely and 
it is around 13 (m3/s). However, for the second and third peaks, model results are lower than 
observed data but, the model predicted the timing correctly. For year 1982 the peak runoff 
happened in a short time and the model prediction and observation are close to each other and 
around 11 (m3/s).  
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Figure 25 HEC-HMS results for Brusafors catchments during 1979 – 1983 
 
In the Brusafors catchment (figure 25) the modeled daily runoff showed that HEC-HMS 
cannot predict the daily runoff either for timing or magnitude. The model gives higher results 
for daily runoff during the low observed runoff periods; however, the peak runoff predictions 
were closer to the observations even in those cases when the timing of the prediction peak 
does not match with the observed peak. The highest runoff predictions and observations were 
close in scale in this period but the timings were different for simulated and observed stream 
flow. The HEC-HMS model overestimates runoff in the low observed runoff periods.   
 
 

 
Figure 26 HEC-HMS results for Heåkra catchments during 1979 – 1983 
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In Heåkra catchment (figure 26) there were many observed peak runoff events during each 
year. Model can predict some of the peak runoff timing correctly but the magnitudes were not 
close. The model predictions were lower than the observed stream flow. During the low 
runoff periods the model results were higher than the observations.  
 

 
Figure 27 HEC-HMS results for Tänndalen catchments during 1979 – 1983 
According to the daily runoff model prediction in Tänndalen catchment, the model predicted 
the daily runoff precisely in time and scale. Still, the peak runoff predictions from the model 
were lower than the observed events. During the low runoff periods the model results were 
much closer to the observations in comparison to the other catchments considered. In this 
catchment observed peak happened mostly once per year and the model results also detected 
the timing of these peak flows correctly. In comparison to the other catchments modeled the 
peak runoff in Tänndalen was larger and almost double or triple (or more) times as large.  
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Figure 28 HEC-HMS results for Vattholma catchments during 1979 – 1983 
 
In Vattholma catchment the daily model results and observed runoff were not close to each 
other in timing and scale. For example, the model predicted many runoff peaks during a 
period where the observed discharge was very low. Also during much of the modeling 
simulation, the daily peak runoff predicted was lower than observations or peaks happened at 
different times. It seems that the model cannot represent the catchment’s hydrological 
behavior at daily scale.  
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3.1.2. Monthly average Runoff 
Monthly average simulated and observed flows for the five catchments illustrated in the 
following figures.  
 

 
Figure 29 Monthly average simulated and observed runoff (m3/s) for Ostvik catchment 

 
According to figure 29 the monthly average simulated runoff was higher than the monthly 
average observed runoff for eleven months. It was seen that in only one month (May) the 
monthly average simulated runoff was lower than the observed monthly average runoff. For 
most of the year, the model overestimated the monthly average runoff in Ostvik catchment. 
 
Table 10 Monthly average of simulated and observed flow and also CPA’ and relative errors for Ostvik 
catchment. 

Month Simulated Observed CPA' Relative 
Error (%) 

January 1.20 0.53 13.58 141.81 
February 0.90 0.41 20.34 127.18 

March 0.97 0.41 23.01 134.62 
April 2.89 2.77 0.35 21.71 
May 4.64 5.77 0.44 -18.67 
June 2.28 1.45 0.99 98.12 
July 2.34 1.02 2.95 265.46 

August 2.66 1.32 1.21 312.43 
September 2.44 1.47 0.87 189.42 

October 2.17 1.73 0.35 77.14 
November 1.71 1.52 0.41 42.61 
December 1.43 1.00 0.64 97.19 
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Figure 30 Monthly average simulated and observed runoffs (m3/s) for Tanndalen catchment 

 
According to figure 30 in the Tänndalen catchment the monthly average simulated runoff was 
larger than the monthly average observed runoff for ten month and only for two months (May 
and June) were the model results lower than observed monthly averages. The model 
overestimated monthly average runoff in Tänndalen catchment. The coefficient of 
performance and also relative errors were higher in the first three months of the year. There 
were between 18 to 22 and 142% to 151% respectively. In four months of the year relative 
errors and CPA’ were much higher than the rest of the year. These months were December to 
March. The same pattern happened in the Ostvik catchment.   
 
Table 11 Monthly average of simulated and observed flow and also CPA’ and relative errors for 
Tanndalen catchment. 

Month Simulated Observed CPA' Relative 
Error (%) 

January 2.36 1.02 18.26 151.03 
February 1.97 0.85 18.63 149.39 

March 1.70 0.74 22.47 142.51 
April 2.66 1.86 0.46 89.28 
May 14.88 19.61 1.29 -23.10 
June 7.97 13.31 1.06 -37.25 
July 5.52 5.01 0.46 26.28 

August 5.75 4.39 0.53 66.84 
September 5.05 5.05 0.31 24.44 

October 4.35 4.57 0.36 3.85 
November 3.32 2.83 0.83 27.76 
December 2.70 1.60 3.87 94.21 
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Figure 31 Monthly average simulated and observed runoff (m3/s) for Vattholma catchment 

 
In the Vattholma catchment the monthly average simulated runoff were lower than the 
monthly average observed runoff for half of the year and were higher in the other half. In five 
months from November to March the monthly average simulated and monthly average 
observed results were close to each other but for the rest of the year they were not close. 
Coefficient of performance changes from 0.53 to 32 across the year.  
 
 
Table 12  Monthly average of simulated and observed flow and also CPA’ and relative errors for 
Vattholma catchment. 

Month Simulated Observed CPA' Relative 
Error (%) 

January 2.15 2.51 0.85 16.04 
February 1.87 2.43 0.82 14.42 

March 1.88 2.55 1.01 8.39 
April 1.91 4.88 2.50 -53.43 
May 2.02 3.28 1.24 -16.99 
June 2.54 1.04 6.73 252.77 
July 2.85 0.56 18.58 759.25 

August 3.33 0.52 32.18 1089.36 
September 2.75 0.83 3.42 693.25 

October 2.60 1.25 1.82 295.71 
November 2.62 2.10 0.53 119.61 
December 2.33 2.64 0.60 40.56 
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Figure 32 Monthly average simulated and observed runoff (m3/s) for Brusafors catchment 

 
In the Brusafors catchment the monthly average simulated runoff was lower than the 
observed monthly average runoff in five month and they were higher for the rest of the year. 
Coefficient of performance changes from 0.41 to 7.46 across the year (Table 13).  
 
Table 13 Monthly simulated and observed flows (m3/s), the CPA’ and relative errors 

Month Simulated Observed CPA' Relative Error (%) 
January 2.04 2.46 0.56 -0.85 
February 1.78 2.07 0.43 5.60 

March 1.74 2.25 0.86 12.27 
April 1.85 3.41 1.36 -33.49 
May 1.95 1.86 0.55 27.23 
June 2.53 1.11 6.35 176.28 
July 3.17 1.35 1.40 300.72 

August 2.88 0.87 6.92 442.62 
September 2.81 0.93 7.46 372.66 

October 2.50 1.31 2.19 177.72 
November 2.07 1.92 0.41 37.14 
December 2.02 2.31 0.52 0.83 
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Figure 33 Monthly average runoff (m3/s) for Heakra catchment 

 
In the Heåkra catchment the monthly average simulated results were lower than the monthly 
average observed runoff from November to April. The rest of the year the monthly average 
simulated runoffs were higher than the monthly average observed runoffs. The coefficient of 
performance changes from 0.60 to 13 across the year (Table 14).  
 
Table 14 shows the monthly average simulated and observed runoff (m3/s) and also CPA’ and relative 
errors for Heåkra catchment. 

Month Simulated Observed CPA' Relative 
Error (%) 

January 1.76 3.62 1.16 -48.88 
February 1.62 3.31 1.03 -48.76 

March 1.57 3.55 1.46 -57.99 
April 1.15 2.10 0.94 -40.38 
May 1.23 0.86 0.48 98.66 
June 1.58 0.52 3.97 378.74 
July 2.14 0.63 2.22 745.09 

August 2.05 0.44 13.13 1174.24 
September 1.92 0.73 2.04 914.63 

October 2.01 1.48 0.60 162.05 
November 1.76 2.60 0.78 -23.39 
December 1.95 3.59 0.85 -45.57 
 
 
 
 
 
 
 
 
 
 
 
 

0.00
0.50
1.00
1.50
2.00
2.50
3.00
3.50
4.00

Fl
ow

 (m
3/

s)

Months

Heakra

Simulated

Observed



37 
 

3.1.3. Yearly runoff simulation 
The deficit and constant model gives good average annual simulated runoff relative to 
observed yearly averages in all five catchments. Relative errors and CPA’ (Coefficient of 
performance) are shown in Table 15 and annual average simulated and observed runoff are 
shown in figure 34. The maximum relative error is 36% for the Ostvik catchment and the 
minimum relative error was -4% for the Tänndalen catchment. Coefficient of performance for 
yearly average runoff changes from 0.42 to 1.47 with Heåkra and Tänndalen having the 
lowest yearly average coefficient of performance. 
 

 
 

Figure 34 Yearly average Simulated and observed flow (m3/s) for all five catchments in Sweden 
 
Table 15 Yearly average simulated and observed flows (m3/s) for all five catchments with CPA’ and 
relative errors (Deficit and constant model used) 
Catchments Simulated Observed CPA' Relative Error 

(%) 
Ostvik 2.14 1.62 1.47 36 

Tänndalen 4.87 5.10 0.47 -4 
Vattholma 2.37 2.02 0.66 28 
Brusafors 2.27 1.81 1.15 30 
Heåkra 1.73 1.95 0.42 -7 

 
 

0.00

1.00

2.00

3.00

4.00

5.00

6.00

Ostvik Tanndalen Vattholma Brusafors Heakra

Ru
no

ff 
(m

3/
s/

ye
ar

)

Catchments

Simulated

Observed



38 
 

 
 
Figure 35 Yearly observed and simulated runoff comparison (Deficit and constant model)  
 
Simulated and observed yearly average runoffs for the period of 1979 to 2013 were compared 
in figure 35. This shows the different correlation between annual averages of simulated and 
observed runoff in all five catchments. Heåkra and Ostvik have the highest R2 values that 
they are 0.75 and 0.71, respectively.  
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3.2. Rainfall runoff simulation by Soil Moisture Accounting (SMA) method 
 
The soil moisture accounting (SMA) model was also used for long period simulation. This 
model has more parameters than the deficit and constant model. As this model is a continuous 
running model, it could potentially better simulate the runoff in both wet and dry weather 
conditions. In the SMA method, water is stored in different areas, on the canopy, in surface 
depressions, in the soil profile and in two groundwater layers. The SMA model requires data 
for soil (%), groundwater 1 (%), groundwater 2 (%), maximum infiltration (mm/h), 
impervious (%), soil storage (mm), tension storage (mm), soil percolation (mm/h), 
groundwater 1 storage (mm), groundwater 1 percolation (mm/h), ground water 1 
coefficient(h), groundwater 2 storage (mm), groundwater 2 percolation (mm/h) and ground 
water 2 coefficient (h). Each parameter should be defined for the each catchment. It is 
difficult to get suitable simulated results with the first try and calibration is necessary to find 
best correlation between simulated and observed runoff. In the following parts the daily, 
monthly and yearly results are shown respectively. 
 

3.2.1.     Daily runoff simulation 
 
 

 
Figure 36 HEC-HMS results for Brusafors catchments during 1979 – 1983 
 
Figure 36 shows SMA model runoff results for the Brusafors catchment. The model predicts 
lower runoff during the peak observation periods; however the simulated runoff was higher 
during the low observed runoff. The SMA approach in the HEC-HMS model can predict the 
runoff peak timing correctly.     
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Figure 37 HEC-HMS results for Heåkra catchments during 1979 – 1983 
 
In the Heåkra catchment the runoff peaks were not single events during the year. Rather there 
were some high runoff events during a year and sometimes these events were very close to 
each other, for example in 1980. The model predictions for peak runoff events were close to 
observations in amounts but not in timing. When the higher runoff events happened close to 
each other the model could only predicts one or two correctly. The other events were not 
detected by the model or at least the model predictions for them were much lower than the 
observed data.  

 
Figure 38 HEC-HMS results for Ostvik catchments during 1979 - 1983 
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In the Ostvik catchment the simulated and observed daily runoff was close to each other most 
of the time. The model could predict the peak runoff precisely in time and scale. The 
simulated daily hydrograph and the observed one matched together especially during the peak 
periods. However the predicted runoff was not exactly the same as the observed one but in 
the first glance the harmony between simulated and observed hydrographs is clear. During 
the years with only one peak runoff event, modeled and observed peak runoffs were closer to 
each other than in the years with more than one peak. 
 
 

 
Figure 39 HEC-HMS results for Tänndalen catchments during 1979 – 1983 
 
In the Tänndalen catchment, the SMA model runoff results and the observed data were very 
close to each other. Peak runoff simulations and observed peaks were matched together in 
time and scale. In figure 39 the simulated and observed runoff patterns were also very 
similar. It seems that the model can predict the daily runoff precisely in time and scale. 
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Figure 40 HEC-HMS results for Vattholma catchments during 1979 – 1983 
 
In the Vattholma catchment the SMA simulated daily runoff does not follow the observed 
data pattern. The peak observed runoff was large than the simulated one. During the low 
runoff season the simulated values were larger than the observed ones. However, in some 
periods of the year the daily simulated runoff and observed runoff match together but these 
periods are rare. 
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3.2.2.     Monthly average Runoff 
 
 

 
Figure 41 Monthly average simulated and observed runoff (m3/s) in Ostvik catchment (SMA model used) 
 
In the Ostvik catchment the monthly average simulated runoff was higher than the monthly 
average observed runoff in half of the year and lower in the rest months. According to figure 
41 the differences between monthly average simulated and monthly average observed runoffs 
were low. Table 16 shows the monthly averages of simulated and observed runoff, the 
coefficient of performances and relative errors in Ostvik catchment. The CPA’ was changing 
from 0.25 to 8.11 during the year. October had the lowest coefficient of performance and 
February had the highest one.  
 
Table 16 Monthly average simulated and observed runoff (m3/s), CPA’ and relative error (SMA model 
used) 

Month Simulated (m3/s) Observed (m3/s) CPA' Relative Error (%) 
January 0.20 0.53 3.77 -71.33 

February 0.11 0.41 8.11 -75.02 
March 0.22 0.41 6.18 -57.96 
April 1.80 2.77 0.84 -32.41 
May 5.90 5.77 0.44 2.46 
June 2.11 1.45 0.83 76.84 
July 1.99 1.02 1.65 194.48 

August 2.33 1.32 0.75 223.77 
September 2.18 1.48 0.57 144.60 

October 1.88 1.75 0.25 40.47 
November 1.17 1.55 0.58 -8.97 
December 0.59 0.97 0.44 -37.88 
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Figure 42 Monthly average simulated and observed runoff (m3/s) in Tänndalen catchment (SMA model 

used) 
 
In the Tänndalen catchment the monthly average simulated runoff was higher than the 
monthly average observed runoff in five months and they were lower than the observed 
runoff in the rest of a year. According to Table (17) the monthly average simulated and the 
monthly average observed runoffs were close to each other and the coefficient of 
performance was changing from 0.18% to 6.46% during a year. The model results are closer 
to the observed ones during the period of higher monthly average observed runoff. For 
example from May to September the monthly average simulated and observed runoffs were 
close to each other, and they are the highest runoff during a year. 
 
Table 17 Monthly average simulated and observed runoff (m3/s) in Tänndalen catchment (SMA model 
used) 

Month Simulated (m3/s) Observed (m3/s) CPA' Relative Error (%) 
January 0.20 1.02 6.46 -78.59 

February 0.20 0.85 5.53 -73.92 
March 0.20 0.74 6.22 -70.18 
April 0.62 1.86 0.99 -66.99 
May 21.60 19.61 1.55 5.79 
June 14.93 13.31 0.83 6.22 
July 6.02 5.01 0.62 32.43 

August 6.22 4.39 0.54 67.06 
September 5.55 5.13 0.18 20.06 

October 3.52 4.63 0.60 -25.00 
November 1.07 2.88 3.82 -63.48 
December 0.24 1.63 4.64 -80.67 
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Figure 43 Monthly average simulated and observed runoff (m3/s) in Vattholma catchment (SMA model 
used) 
 
In the Vattholma catchment the monthly average simulated runoff was lower than the 
observed ones in seven months during a year. The monthly average simulated and monthly 
average observed runoff had different patterns. Table 18 shows the monthly average 
simulated and observed runoffs, coefficient of performance and relative errors during a year. 
Coefficients of performance were changing from 0.59 to 20.87 during a year.  
 
Table 18 Monthly average simulated and observed runoff (m3/s) in Vattholma catchment (SMA model 
used) 

Month Simulated (m3/s) Observed (m3/s) CPA' Relative Error (%) 
January 1.49 2.51 1.53 -23.23 

February 1.26 2.43 1.18 -30.65 
March 1.28 2.55 1.47 -37.12 
April 1.15 4.88 3.49 -73.28 
May 1.19 3.28 1.91 -54.43 
June 1.82 1.04 2.97 151.59 
July 2.22 0.56 10.87 553.37 

August 2.64 0.52 20.87 829.30 
September 2.13 0.83 2.13 506.35 

October 1.81 1.25 0.98 170.09 
November 1.94 2.10 0.59 54.11 
December 1.66 2.64 0.89 -2.01 
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Figure 44 Monthly average simulated and observed runoff (m3/s) in Brusafors catchment (SMA model 
used) 
 
In the Brusafors catchment the monthly average simulated runoff was lower than the monthly 
average observed one in the half of the year. In the rest of the year the monthly average 
simulated runoff was larger than the monthly average observed runoff. Table 19 shows the 
monthly average simulated and observed runoffs, coefficients of performance and relative 
errors. The CPA’ changes from 0.45 to 5.37during a year.  
 
Table 19 Monthly average simulated and observed runoff (m3/s) in Brusafors catchment (SMA model 
used) 

Month Simulated (m3/s) Observed (m3/s) CPA' Relative Error (%) 
January 1.31 2.46 1.37 -43.03 

February 1.06 2.07 0.89 -48.10 
March 1.30 2.25 0.91 -40.61 
April 2.42 3.41 0.60 -24.79 
May 1.96 1.86 0.19 15.76 
June 2.12 1.11 2.93 134.41 
July 2.96 1.35 1.07 281.47 

August 2.67 0.87 5.37 419.84 
September 2.44 0.93 4.90 318.57 

October 2.13 1.31 1.22 135.56 
November 1.84 1.92 0.45 21.33 
December 1.54 2.31 1.07 -22.20 
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Figure 45 Monthly average simulated and observed runoff (m3/s) in Heåkra catchment (SMA model 
used) 
 
In the Heåkra catchment the monthly average simulated runoff was lower than the monthly 
average observed runoff in five months during a year and it was higher in the rest of the year. 
During May until October monthly average simulated runoff was much higher than observed 
one. Table 20 shows the monthly average simulated and observed runoff, coefficient of 
performance and relative errors. Coefficient of performance changes from 0.32 to 25.89 
during a year. From November to April the monthly average simulated and observed runoffs 
were close to each other and the coefficient of performance and relative errors were low in 
comparison to the rest of a year.  
 
Table 20 Monthly average simulated and observed runoff (m3/s) in Heåkra catchment (SMA model used) 

Month Simulated (m3/s) Observed (m3/s) CPA' Relative Error (%) 
January 2.55 3.62 0.54 -15.84 

February 2.47 3.31 0.43 -11.13 
March 2.42 3.55 0.66 -26.78 
April 1.68 2.10 0.45 -5.52 
May 1.80 0.86 1.93 217.30 
June 2.43 0.52 11.34 732.91 
July 2.99 0.63 4.79 1744.35 

August 2.92 0.44 25.89 2276.41 
September 2.80 0.72 5.42 1714.06 

October 2.88 1.48 1.44 317.85 
November 2.72 2.63 0.32 19.59 
December 2.78 3.63 0.34 -16.30 
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3.2.3.     Yearly runoffs simulation 
 
Figure 46 shows the yearly average of simulated and observed runoff in all five catchments 
by using Soil Moisture Accounting model. The result was close in relation between simulated 
and observed data. Ostvik and Tänndalen had the closest simulated values to the observed 
one among all five catchments.  
 

 
Figure 46 Yearly average Simulated and observed runoff (m3/s) for all five catchments in Sweden 

 
Table 21 shows the yearly average simulated and observed runoff values and also coefficient 
of performance and relative errors. The lowest coefficients of performance and relative errors 
were related to Tänndalen with values of 0.24 and -1% respectively. Considering the daily 
runoff simulations and observed runoff, it also can be considered that Tänndalen catchment 
has the most compatibility with the SMA model. The second catchment with closest 
simulated and observed runoff was Ostvik. The coefficient of performance and relative error 
were 0.27 and 9%, respectively. The maximum values of coefficient of performance and 
relative errors were related to Heåkra catchment at 1.28 and 39%, respectively. The daily 
runoff simulations also showed big differences compared to the observed ones in Heåkra 
catchment.    
 
Table 21 Yearly average simulated and observed runoff (m3/s) for all five catchments with CPA’ and 
relative errors (SMA model used) 
Catchments Simulated Observed CPA' Relative Error 

(%) 
Ostvik 1.71 1.62 0.27 9 

Tänndalen 5.04 5.10 0.24 -1 
Vattholma 1.71 2.04 0.74 -9 
Brusafors 1.98 1.81 0.47 15 

Heåkra 2.54 1.95 1.28 39 
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Figure 47 Yearly observed and simulated runoff comparison (SMA model) 
 
Simulated and observed yearly average runoffs for the period of 1979 to 2013 were compared 
in figure 47. This shows the different correlation between simulated and observed runoffs in 
all five catchments. Tänndalen and Ostvik had the highest R2 values at 0.77 and 0.75, 
respectively.  
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4. Discussion 
4.1. Difference between the catchments in relations to modelling 

It seems that the topographic properties have an important role in runoff simulation in HEC-

HMS model for long term simulation between these five catchments. For example, Table (4) 

shows the catchments physical properties. According to this table the Tänndalen and Ostvik 

catchments have the maximum elevation differences and average Main River slopes between 

these five catchments. Vattholma has the lowest elevation and average Main River slope. 

With regards to the runoff simulation results (Figures (38, 39 and 47)), Tänndalen and Ostvik 

simulated runoff have the highest correlation with the observed data. As such, it appears that 

HEC-HMS performs better in estimating discharge from steep, more mountainous systems 

relative to low land systems. This likely says something about how hydrological processes 

interact within the model. 

 

It is likely that the precipitation type has an impact on the ability of HEC-HMS to estimate 

streamflow in Sweden. Tables (6, 7, and 8) show the monthly average, minimum and 

maximum temperatures in all five catchments. Of course, precipitation changes from rain to 

snow or vice versa based on temperature. Therefore, it is possible to realize the precipitation 

style (e.g. rain or snow) based on temperature in catchments. According to tables (6, 7, and 8) 

Ostvik and Tänndalen have the lowest temperatures between all five catchments. The average 

temperatures are below zero in five and seven months in these two catchments, respectively. 

Therefore, the precipitation in these two catchments more likely is snow dominated than rain 

dominated relative to the other catchments. With regards to the simulated observed runoffs in 

these five catchments, it seems that the HEC-HMS model can predicts better runoffs in 

catchments with lower temperature (or more snow than rain precipitation) systems. This 

could change in the future under climatic shifts and when process representation becomes 

important at catchments scales (Teutschbein and Seibert, 2012). 

 

When considered with the relationships have seen for physical catchment properties, this 

probably means that HEC-HMS does well at modeling fast flowing and responsive systems 

where there is high variability between low and high flow. This would be the type of 

response, for example, expected in the mountainous streams of Sweden during spring flood 

as snow melts rapidly. As such, storages would fill and promote fast flow process.  
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4.2. Difference between model conceptualizations 

HEC-HMS model predicted the daily runoffs in two northern catchments Ostvik and 

Tänndalen much better than the southern catchments in Sweden. Between these two 

catchments, the simulation results for Tänndalen with its higher elevation and average main 

river slope were better than the Ostvik that has lower elevation and average main river slope. 

Soil moisture accounting (SMA) model results are more close to the observed runoffs in all 

five catchments in compare to deficit and constant model. Both SMA and Deficit and 

constant models gave about equally good results for peak runoffs in northern catchments. For 

both SMA and Deficit and constant methods in order to reach to better results calibration is 

necessary. The main parameter that can effects the results more than other parameters is 

percolation (mm/hr) that it is changing in these catchments from 0.5 to 1.5 (mm/hr).  

This means that allowing more water to move into the ground makes the model results better. 

Such processes could be better represented in conceptual models (Lindström et al., 1997). 

This is probably because the model did not do so good in the low land and flat systems. If 

more water goes into the ground, it gets to the river slower. This improves the modeling. That 

is what happens with the SMA method. This means the results could improve with better 

calibration, but still the HEC-HMS modeling does not work so good for Sweden except for 

the north catchments. 

 

4.3. Difference between daily, monthly and yearly comparisons 

Yearly average simulated and observed runoff data have a close correlation in all five studied 

catchments; however, for monthly and daily results just the two northern catchments have 

close correlation between simulated and observed runoffs. HEC-HMS can predict yearly 

water balance but in the monthly and daily scale the model has less accuracy in runoff 

prediction, especially during the rainy seasons. During snowy seasons the model results have 

more accuracy and it seems that model predict the snow melting better than rainfall runoff. 

This is consistent with the previous discussion on the role of catchment physical 

characteristics and climate. The model is capable of representing an annual water balance, but 

cannot partition flow through low land storages relevant across much of Sweden. Further, 

even this HEC-HMS does better in snow dominated systems; it still has difficulty in routing 

the runoff in the stream. This is seen by the lower performance at daily scales relative to 

monthly scales. This is also similar to the other HEC-HMS studies in Sweden like rainfall-

runoff modeling in Kävlinge river basin that is located in southern part of Sweden (Wicher 

2017).    
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5. Conclusion: Can HEC-HMS be used to model catchments in Sweden? 

With regards to the long term simulation results and comparing them to the observed data, 

HEC-HMS can maybe be used in the catchments in the northern area of Sweden with high 

average slope and topographic elevation. This is because in those areas the simulated and 

observed runoffs in daily, monthly and yearly scales are more close to each other than the flat 

areas in the middle or southern part of Sweden. These results obtained for long term 

simulation and for short event storm simulation it could be totally different in those flat areas. 

There is of course an issue regarding the time period to be modeled. 

 

This finding echoes what you see in other models. It is not uncommon that performance goes 

up for annual scales over daily scales. As such, the complexity and data demands of HEC-

HMS do not likely justify its use across Sweden. If the goal were to estimate annual stream 

flow the model would be adequate. However, such a goal would be easily achieved with a 

simple water balance model. It is possible that you could correct the model to work better at 

shorter time steps. But this would take changing the program which is not very easy. HEC-

HMS, therefore, is not recommended for general use across Sweden. More study would be 

needed to justify using it, for example, to estimate flooding and risk for roads and 

infrastructure under land and climate change. 
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7. Appendix  

 

 
Figure 1 Objective function result for Trial 1 in Brusafors catchment 

 

 
Figure 2 Computed and observed flow comparison in Brusafors catchment for trial 1 
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Figure 3 Flow residual for Brusafors catchment for Trial 1 
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