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Abstract— The majority of dry zone basins are still ungauged 

in Sri Lanka, and this has led to uncertainties in the planning 

and development of water management infrastructure. The 

Irrigation Guideline Method of Sri Lanka (IGM) has been 

recommended to estimate the basin yield, but there is no 

appropriate evidence to evaluate the accuracy of the estimation. 

To fulfil this gap and for reliable yield estimation, a proper 

comparison should be undertaken incorporating the available 

water yield models. The IGM and HEC-HMS models were 

selected and compared by using the observed streamflow data 

of Kirindi Oya and Maduru Oya in the present study. Model 

parameters were identified by an extensive literature survey.  

Daily and 75% probable rainfall data were considered as the 

input data for the models and the model results were compared 

with the observed streamflow data. The evaluation has been 

carried out by using the flow hydrograph, annual water balance, 

flow duration curves, runoff coefficients and the MRAE value 

as an indicator. According to comparisons, it can be concluded 

that the IGM is still the best model for yield estimations in the 

dry zone watersheds and it was identified that rainfall act as the 

key factor for the variation of the yield.  

 

Keywords— HEC-HMS, Irrigation guideline, Kirindi Oya and 

Maduru Oya, Sensitivity analysis, Watershed yield 

I. INTRODUCTION 

Sri Lanka is a tropical country and based on long term 
historical rainfall patterns, it can be split up into three climatic 
zones as Dry zone, Wet zone, and Intermediate zone. This 
entire study is based on the dry zone, which includes 70% of 
the total land area in Sri Lanka [1]. 

 The basin yield is the quantity of water available from a 
stream at a specific point over a specified period [2]. The 
volume of water storage in channels and reservoirs of the 
basin, groundwater and soil moisture storage, instantaneous 
rate of flow from the basin, the average depth of precipitation 
over the basin, total evaporation, and evapotranspiration, etc., 
from the basin over a specified period are the parameters 
affecting the basin water yield [2]. 

Irrigation reservoirs are often associated with ungauged 
watersheds [9]. The general guideline prepared by the 
Department of Irrigation in Sri Lanka has been used as the 
basis for yield calculations and estimations since the 1980’s 
[3]. As mentioned in the guidelines, iso yield curves were 
applied to simulate the seasonal and monthly yield and the 
upper and lower threshold values of the seasonal rainfall are 
35% and 7.5%, respectively. But the problem is the lack of 
evidence to justify those upper and lower bounds. 

 There are several conceptual, semi-empirical and 
empirical rainfall-runoff models developed in the recent past 
such as HEC-HMS, Unit hydrograph (UH) method and SWM, 
etc. [3].  However, before using those models, there should be 
a validation of the applicability and practicability of those 
models for the particular ungauged watersheds. 

II. OBJECTIVES 

A. Problem Statement 

There is a knowledge gap in the proper water yield 

estimation model applicable to the dry zone. In this study, 

IGM and HEC-HMS models are compared by using two 

selected dry zone basins, Kirindi Oya and Maduru Oya. 

According to the data availability, these basins were selected. 

B. Main Objective 

The main objective of the study was to compare the IGM 

model with one of the modern yield evaluation models by 

comparing the simulated yield data with the observed 

streamflow data in the basins and identify the most suitable 

model for estimating the basin yield for enhanced water 

management, infrastructure design and planning by focusing 

on the Maduru Oya and Kirindi Oya basins.    

C. Specific Objectives 

• To study the traditional and modern basin water yield 
estimation models, related issues and the parameters 
related to the models, 

• To develop the computerized models for each, 

• To analyze the generated yield values with various 
consequences, and  

• To review and make recommendations for the most 
suitable yield estimation model for the dry zone. 

III. METHODOLOGY  

To evaluate the basin yield, the IGM and HEC-HMS 
models were selected [4][9]. Comparison of the design yield 
was achieved by following the methodology shown in Fig 1. 

A. Study Area 

Kirindi Oya and Maduru Oya basins were selected as the 

pilot dry zone basins for this study [Fig 2(a), Fig 2(b)] based 

on data availability [5]. Thanamalwila and Padiyathalawa 

are the two sub-watersheds selected with catchment areas of 

686.28 km2 and 230.84 km2, respectively.     



 

B. Data collection  

Rainfall, evaporation and streamflow data for 
Padiyathalawa and Thanamalwila sub-watersheds were 
collected from the Department of Meteorology and Irrigation 
Department. Temporal data resolution for the Thanamalwila 
watershed is 2000-2015 and for Padiyathalawa, 2007-2015. 
The 75% probability rainfall data and respective evaporation 
data were collected from the Irrigation Guideline. Table I 
represents the locations of the selected guaging stations. 

By using the Arc Hydro tool in ArcGIS (ESRI, USA) and 
DEM files, Padiyathalawa and Thanamalwila watersheds 
were demarcated. The 30-arc seconds resolution DEM data 
were collected from the NASA’s Earthdata Cloud System.  

C. Data Checking and Analysis 

The general variation and correlation of the daily rainfall 
and streamflow data were tested based on Visual 
observations, Single mass curve, and Double mass curve 
[9][5]. The allowable missing data percentage should be less 
than 10% as indicated in the WMO guidelines [6]. There were 
no missing data related to the streamflow data series and the 
missing data percentage of the rainfall data was within the 

permissible range and a minimum gap filling was performed 
accordingly.  

Among the several possible methods available in the 
literature to evaluate missing data, the Closest station 
patching method was preferred here to fill the missing rainfall 
data. For filling in the missing data, their trendlines should be 
close to each other or similar in both the data gauging stations 
and the two gauging stations should be located nearby  [7]. 

TABLE I.  SELECTED RAINFALL STATIONS 

Gauging Station Location River Basin 

Thanamalwila (r/f) 81° 07' 15'' E,  7’ 00’ 00’ N 

Kirindi Oya 
Wellawaya (r/f) 81’ 06’ 00’ E,  6’ 27’ 60’ N 

Banadaraeliya (r/f) 81’ 06’ 00’ E,  6’ 27’ 45’ N 

Thanamalwila 
(Streamflow) 81’ 09’ 00’ E,  6’ 27’ 45’ N 

Thissapura (r/f) 81’ 09’ 00’ E,  7’ 27’ 45’ N 

Maduru Oya 

Giranduru kotte WS 
(r/f) 81’ 05’ 18’ E,  7’ 18’ 23’ N 

Bibile Agri (r/f) 81’ 13’ 00’ E,  7’ 09’ 00’ N 

Padiyatalawa        
(Stream flow) 81’ 10’ 31’ E,  7’ 27’ 24’ N 

To achieve a proper comparison, the Thiessen average 
rainfall was derived to obtain the spatial mean precipitation 
for each watershed by using the area proportion weights 
which were derived by using  Arc-GIS software [8]. 

D. Irrigation Guideline Model 

1)  Parameter Estimation 

To evaluate the yield for each watershed, all the model 

parameters were extracted from the Irrigation Guideline 

which was developed by Eng. Ponrajah in 1984 [3]. 

a) Watershed Design Rainfall 

Watershed design rainfall is dependent on the Agro-

Ecological regions [3]. Each sub-watershed spreads over 

several agro-ecological zones. Area weightages and the 

rainfall of each zone were used to calculate the design rainfall 

for each sub-watershed. 

b) Seasonal Yield Values 

Geo-referenced iso yield maps were used to evaluate the 

seasonal (Yala and Maha) yield at Padiyathalawa and 

Thanamalwila sub-watersheds [3]. 

2) Model Development Process 

Using the Microsoft Excel spreadsheets, the model for 

design yield for each watershed was developed. Irrigation 

guidelines express that the upper and lower threshold values 

of 35% and 7.5% for the seasonal runoff coefficients. In this 

study, all the runoff values were found to be lying in between 

the 7.5% - 35.0% range. 

E. HEC-HMS Modeling 

1) Parameter Estimation   

The HEC-HMS model components were identified for 

each sub-watershed and the HEC-HMS user manual provides 

several possible different methods for each component [10] 

and mentioned them in Table II. 

a) Development of the Basin Model 

The HEC-HMS 4.7 version was used with the DEM files 

related to each sub-basin and basin models and streamlines 

were delineated automatically in the HEC-HMS by using the 

Fig 2(a): Kirindi Oya river basin Fig 2(b): Maduru Oya river basin 

Fig 1: Methodology Flowchart of the Study 

gauge 

 
gauge 



terrain data of the DEM file. Here in this study, the lumped 

basin model type was considered for each watershed. 

b) Development of the Precipitation Loss Model 

The soil moisture account method was selected here 
among the eleven methods available in the HEC-HMs to 
evaluate the precipitation loss. Initial parameters were 
selected by referring to the previous literature [5][11]. 

c) Development of the Transform Model 

This model is useful to calculate the surface runoff. Clark 

unit hydrograph method was selected here to conduct the 

study among seven models available in the HEC-HMS. The 

time of concentration value was found by using the Kirpich 

formula and the storage coefficient was referred to from the 

previous literature [11].  

TABLE II:  MODEL COMPONENTS AND CALCULATION METHODS 

Components Calculation method 

Loss  Soil Moisture Accounting (SMA) 

Transform  Clark Unit Hydrograph 

Surface  Simple Surface 

Canopy  Simple Canopy 

Baseflow  Recession 

 

2) Sensitivity Analysis 

The model optimization was carried out with the use of 
four selected objective functions, namely the Mean Ratio of 
Absolute Error (MRAE), Nash Sutcliffe Efficiency Index 
(NASH), R-squared Correlation (R²) and Percent bias  
(PBIAS), and model parameter sensitivity analysis of the 
HEC-HMS was carried out to determine the most sensitive 
parameters. Each of the parameter values was varied from -
40% to +40% by an increment of ±10% from its initial value 
[11]. Here, the most sensitive parameters were Recession 
constant, Ratio to peak, Impervious per cent (%), Canopy 
Max storage and the Storage coefficient. 

Fig. 3 indicates the deviation of the MRAE function with 
the HEC-HMS Model parameters. 

3) Calibration and Validation of the Model 

For the Thanamalwila watershed, the year 2000-2010 data 
set and for the Padiyathalawa watershed, the year 2007-2012 
data set were used for the HEC-HMS Model calibration.  

When calibrating the HEC-HMS model, the most 
sensitive parameters have been identified and used to make 
changes, to have a good connection between simulated and 
observed streamflow series. The manual calibration process 
was applied rather than using the optimization function 
available in HEC-HMS, as the auto-calibration function does 
not offer realistic and reasonable optimum parameter values.  

After establishing optimum parameters during 
calibration, the same parameters were used for the validation 
as well. Further, the variation of the simulated and observed 
streamflow and the variation of the FDC curves were 
evaluated for each watershed for the calibration and 
validation periods to better understand the variation in the 
yield data sets. 

This research was conducted focusing on the watershed 
yield and thus, the above four model optimization 
considerations were selected as objective functions after 
reviewing the pros and cons of these different objective 
functions. 

The MRAE is highly sensitive in low and medium flow 
regions, and for the high flow regions, sensitivity is low [12]. 
Similarly, the NASH showed high sensitivity in high-flow 
regions [12]. The R2 indicates the collinearity between the 
observed and simulated flow. The NASH indicates the 
evaluation of how to fit a 1:1 line plot of observed and 
simulated streamflow data and is suitable for continuous 
long-term simulations, while it is not applicable for single 
event simulations [13]. The PBIAS can be used to indicate 
the overprediction or underprediction of the simulated flow 
concerning the observed flow and cannot be again used for 
single event base simulations as above [13]. 

IV. RESULTS AND ANALYSIS 

A. General 

The respective watersheds have been demarcated by 
using the SRTM 90 m resolution digital elevation model 
(DEM) files and Arc-GIS software for each river basin.  

Fig. 4 and Fig. 5 indicate the Thiessen polygons of 
Padiyathalwa and Thanamalwila watersheds. Fig. 6 displays 
the single mass curve for the Padiyathalawa watershed. 
According to the data availability, the nearest suitable 
gauging stations were selected to fill missing data. 

B. Yield Comparison - Analysis I 

Here, the analysis was undertaken based on the actual 

rainfall details which were taken from the Meteorological 

Department and Thiessen's average method was used to 

calculate the design rainfall for each watershed. Daily rainfall 

was used as an input for the HEC-HMS model and average 

monthly Thiessen rainfall was used for the IGM 

. 
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Fig 3: Variation of MRAE Objective Function with the deviation of 
parameters  

 

Fig 4: Thiessen Polygon of Padiyathalawa Watershed 

Fig 5: Thiessen polygons of Thanamalwila Watershed 



1) Irrigation Guideline Model (IGM) 

Table III depicts the seasonal yield values for each sub-

watershed computed by using empirical methods such as iso-

yield maps in irrigation guidelines [9]. Here, all the runoff 

coefficients in each watershed are between 7.5% and 35%. 

Hence, there was no particular need of comparing the two 

cases such as with and without thresholds. 

TABLE III. ISO YIELD VALUES FOR THE SELECTED WATERSHEDS 

  
Padiyathalawa 

Watershed Area 

Thanamalwila 

Watershed area 

Watershed Area 230.843 km2 686.28 km2 

Iso -yield value in 

Maha 

750 Ac. ft/ sq. mile 

357,186 m3/km2 

450 Ac. ft/ sq. mile 

214,312 m3/km2 

Iso -yield value in 

Yala 

100 Ac. ft/ sq. mile 

47,625 m3/km2 

200 Ac. ft/ sq. mile 

95,250 m3/km2 

 

2) HEC-HMS Model Results 

The observed Thiessen rainfall values were used as model 

input. Calibration was carried out by comparing the simulated 

flow and the observed flow by changing the sensitive 

parameters to improve the model performance. The FDC 

curves for each watershed for the calibration and validation 

periods were plotted to optimize the model performance. 

Calibration and validation periods and the objective function 

values for calibration and validation for each watershed are 

respectively indicated in the following TABLE IV.  

Fig. 7 and Fig. 8 indicate the calibration and validation 
flood hydrographs while Fig. 9 and Fig. 10 indicate the flow 
duration curves for the entire calibration and validation 
periods for the Thanamalwila watershed, respectively. 

 

 

TABLE IV: THANAMALWILA AND PADIYATHALAWA WATERSHED OBJECTIVE 

FUNCTION RESULTS 

 

1) IGM and HEC-HMS Model Comparison 

The comparison was performed by plotting the 

hydrographs and the flow duration curves and contrasting the 

observed streamflow against the simulated streamflow of the 

IGM and HEC-HMS models [Fig. 11, Fig. 12 & Fig. 13]. 

Numerical indicators such as Water balance [Eqn 1], 
Runoff-coefficient and the MRAE values have been taken 
related to the Average Maha season, Average Yala season, 
Average annual and also the Monthly Average for each 
Padiyathalawa and Thanamalwila sub-watersheds. TABLE V 
indicates the numerical indicators and the magnitude and 
percentage deviation of model estimates for each watershed, 
respectively. 

Water Balance = Observed Flow - Simulated Flow           (1) 

Station Step MRAE PBIAS NASH R2 

Padiyathalawa 

Calibration 

(2007-2012) 
2.407 -2.22% 0.504 0.577 

Validation 

(2012-2015) 
1.451 16.27% 0.348 0.608 

Thanamalwila 

Calibration 

(2000-2010) 
1.827 -5.65% 0.548 0.610 

Validation 

(2010-2015) 
1.209 -12.37% 0.501 0.618 
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Fig 7:  Streamflow Calibration for year 2002-2003 for Thanamalwila 
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Fig 8:  Streamflow Validation for year 2013-2014 for Thanamalwila 

Fig 10:  FDC for Validation  
 

Fig 9: FDC for Calibration  
 



 

 
TABLE V: MODEL COMPARISON NUMERICAL INDICATORS FOR EACH 

WATERSHED FOR ANALYSIS I  

Numerical 

Indicators 

Padiyathalawa 

Watershed 

Thanamalwila 

Watershed 

IGM HEC-HMS IGM HEC-HMS 

MRAE overall 
hydrograph 

1.01 1.24 1.12 1.34 

MRAE for FDC 0.42 0.73 0.47 0.50 

Annual streamflow 

estimation error (%) 
47.7 -34.18 32.2 39.1 

Maha season 

streamflow 
estimation error (%) 

48.4 -19.9 32.9 41.4 

Yala season 

streamflow 
estimation error (%) 

41.9 -153.9 30.3 32.7 

Monthly average 

streamflow 
estimation error (%) 

47.7 -34.2 32.2 39.1 
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 Obs IGM 
HEC-

HMS 
Obs IGM 

HEC-

HMS 

Maha 0.33 0.17 0.40 0.27 0.18 0.16 

Yala 0.13 0.14 0.33 0.22 0.15 0.15 

Annual 0.28 0.15 0.38 0.26 0.17 0.16 

Monthly 

Average 
0.30 0.15 0.31 0.28 0.17 0.15 

 

C. Yield Comparison – Analysis II 

Here, the analysis was undertaken based on the 75% 

probable monthly rainfall values which were taken from the 

Irrigation Guideline for all two models. Eng. Ponrajah (1984) 

indicates that the 75% probable rainfall values used are due 

to the rainfall uncertainty [9].  

1) Irrigation Guideline Model (IGM) 

As previously mentioned in Analysis I, a similar evaluation 

was carried out here. But watershed design rainfall was 

estimated according to the Argo-Ecological regions. Fig. 15 

and Fig. 16 indicate the Agro-Ecological regions for 

Padiyathalawa and Thanamalwila watersheds, respectively. 

2) HEC-HMS Model 

The 75% of probable rainfall values taken from the 

Irrigation Guideline were used as the precipitation values. For 

the HEC-HMS model, the daily rainfall resolution values 

were used [10], but here probable rainfall values were based 

on monthly temporal resolution. Further, it was assumed that 

monthly rainfall and evaporation values were distributed 

evenly within each month [3].  

 

 

 

 

 

 

 

 

 

 

3) IGM and HEC-HMS Model Comparison 

Analysis was carried out by following the same procedure 

as mentioned above in Analysis I. TABLE VI indicates the 

numerical indicators for each watershed for Analysis II. 

TABLE VI: MODEL COMPARISON NUMERICAL INDICATORS FOR EACH 

WATERSHED FOR ANALYSIS II 

Numerical 

Indicators 

Padiyathalawa 

Watershed 

Thanamalwila 

Watershed 

IGM HEC-HMS IGM HEC-HMS 

MRAE overall 

hydrograph 
0.72 0.86 0.83 0.89 

MRAE for FDC 0.44 0.89 0.70 0.76 

Annual streamflow 

estimation error (%) 
47.9 83.9 39.8 83.8 

Maha season 

streamflow 
estimation error (%) 

48.7 82.9 43.2 86.2 

Yala season 

streamflow 
estimation error (%) 

42.0 92.0 30.3 77.2 

Monthly average 

streamflow 
estimation error (%) 

47.9 83.9 38.0 83.8 
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 Obs IGM 
HEC-

HMS 
Obs IGM 

HEC-

HMS 

Maha 0.33 0.35 0.12 0.27 0.34 0.08 

Yala 0.13 0.25 0.03 0.22 0.33 0.11 

Annual 0.28 0.33 0.10 0.26 0.33 0.09 

Monthly 

Average 
0.30 0.30 0.06 0.28 0.33 0.10 

V. DISCUSSION 

This study was conducted to evaluate the uncertainties of 

the yield estimation models based on dry zone basins and 

identify the best model for the planning and development of 

water management infrastructure. Two selected water yield 

estimation models, namely the IGM and the HEC-HMS, were 

considered for the comparative analysis in this study.  

All the data sets were extracted from the design data from 

the Irrigation guideline in 1984 and observed data taken from 

the relevant authorities. Data stations were selected adhering 

to the WMO guideline, and the Closest Station Patching 

Method used to repair the missing data could produce 

restored data series for the analyses. For both Padiyathalawa 

and Thanamalwila watersheds, visual observation during data 

checking indicated that there were unrealistic, un-correlated 

rainfall and streamflow data sets in both series. The reliability 

of the study is directly dependent on the accuracy of the data 

sets and the repaired series were found ot be adequate for the 
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Fig 12: Comparison of FDC for 
Padiyathalawa Watershed 

 

Fig 13: Comparison of FDC for 
Thanamalwila Watershed 

 

Fig 14: Agro - Ecological zones in 
Padiyathalawa Watershed 
 

Fig 15: Agro - Ecological zones in 

Thanamalwila Watershed 
 



purpose. Thiessen method was used to estimate the spatially 

averaged rainfall values.  

The initial values for most of the model parameters were 

obtained for the HEC-HMS from the past literature due to a 

lack of information related to the Padiyathalawa and 

Thanamalwila watersheds [11]. Impervious and the 

Recession constant were the most sensitive parameters, while 

a significant variation in objective function value was 

observed while the MRAE and PBIAS values tend to zero 

and R² and NASH values tend to be unity (1.0). Objective 

functions indicate that the HEC-HMS model related to the 

Thanamalwila watershed gives a high performance compared 

with the Padiyathalawa watershed [TABLE IV]. The IGM 

parameters were taken from the IGM guideline [3]. Further, 

it was noted that the design data of the model are based on 

data collected before the 1980s which requires updating 

based on proper islandwide data collection and verification. 

The analysis was carried out based on two scenarios while 

the evaluation was based on the observed and the simulated 

yield values. When comparing the runoff coefficient of HEC-

HMS, IGM and the Observed actual one in the Padiyathalawa 

watershed under Analysis I, the HEC-HMS model produces 

runoff coefficients very close to the observed values. But 

Analysis II and Thanamalwila watershed in Analysis I 

indicate that the IGM gives the closest runoff coefficient to 

the observed values [TABLE V, TABLE VI]. According to 

the water balance values in Analysis I and II, both IGM and 

HEC-HMS underestimated yield values except for the HEC-

HMS simulated values of the Padiyathalawa watershed in 

Analysis I which gives overestimates [TABLE V, TABLE 

VI]. As per the estimated MRAE values of Analysis I and II, 

IGM could produce the lowest values when compared with 

that of the HEC-HMS model [TABLE V, TABLE VI]. 

VI. CONCLUSIONS 

According to the several types of comparisons, it can be 

evaluated that the Irrigation Guideline Model is still a reliable 

model for yield estimations in the dry zone watersheds.  

In the comparison of the two models in Analysis II, IGM 

is the closest monthly yield evaluation model in 

Padiyathalawa and Thanamalwila and annual differences in 

estimations were 47.9% and 39.8%,  respectively. The HEC-

HMS model results ended up with 83.9% and 83.8% annual 

differences for Padiyathalawa and Thanamalwila watersheds, 

respectively. In Analysis I for the Padiyathalawa watershed, 

HEC-HMS gives the closest monthly yield estimation and -

34.18% was the annual streamflow overestimation error. For 

the Thanamalwila watershed, IGM Model gives the closest 

monthly yield estimation and the annual error percentage was 

32.2%.  The HEC-HMS gives overestimated values in the 

Padiyathalawa watershed in Analysis I while producing 

underestimated values in other cases. The IGM produces 

underestimated values for all cases. Due to the ambiguous 

variation of HEC-HMS yield results in each watershed in the 

same zone, it is recommended that the IGM Model should be 

used for the yield estimations in the dry zone. 

When comparing simulated yield with the observed values 

in these two models, rainfall act as the key factor for the 

variation of the yield. Further, there should be better 

reference material to select accurate model parameters related 

to the IGM and HEC-HMS model development for better 

water yield estimate values. For the yield estimation using the 

HEC-HMS model in the dry zone basins, there should be 

proper threshold values developed to estimate reliable and 

safe yield based on realistic probable rainfall values. The 

reliability of the final evaluations can be further improved 

based on further studies in several dry zone basins with 

related gauging stations for comparing the modern and 

traditional yield estimation models.  It can help find the best 

water yield forecasting model based on dry zone basins.  
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