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low flow period the scaled runoff is underestimated. Regional modeling with ENKI for Eidåa 

catchment is not applicable. Scaling approach should be utilized for estimating discharge. 

7.5.1.7 COMPARISION OF TANGVELLA RUNOFF DATA SERIES 

 

 

Figure 7-49 Simulated, observed and scaled hydrographs for Tangvella catchment 

 

Figure 7-50 Duration curves for Erga catchment 

Hydrographs of scaled and observed runoff for Tangvella catchment are similar, except 

extremely high peaks. Duration curve of simulated flow shows slightly less water than 
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observed one. In general simulated and scaled duration curve are follows the pattern of 

observed flow. For low flow period the scaled and observed runoff are identical. Using 

regional modeling with ENKI for Tangvella catchment is applicable, but uncertainty should 

be taken into consideration. Scaling approach will lead to more accuracy in estimating runoff 

for Tangvella catchment for small hydropower planning. 

Comparison of ENKI regional modeling with traditional scaling method for estimating runoff 

data series for Sweco catchments lead to the conclusion that scaling approach  is able to 

estimate more accurate runoff data series. 

7.6 COASTAL ZONE CALIBRATION 

In order to try to achieve better results for calibration over coastal climatic zone the decision 

was made to run another calibration over the catchments, lying near the coastal line. New 

input parameters have been implemented into ENKI model including runoff and precipitation 

data series only located within coastal zone. The temperature data series have been used as for 

all other calibration cases. The range of parameters was kept the same as well. The results 

from coastal zone calibration is tabulated in Table  

Table 7-10 Coastal zone calibration results 

 

The average value of Nash efficiency for coastal zone calibration is R
2
 = - 0.069. Excluding 

from calculation of average value of R
2
 for Farstadelva v/Farstad the average R

2
 is 0.155. The 

results from coastal zone calibration did not improved compare to first case of calibration.  

Such results are not applicable for further extraction of runoff data series for Sweco 

catchments.  

The reason of such low results might be the difficult precipitation pattern along the coastal 

zone. In order to improve the calibration the area of study region should be reduced, the input 

data series should be long and representative for the region. It can be implemented and 

checked in further studies. 

 

  

Station Name Individual R2 Individual R2 R2 (First Case)

Farstadelva v/Farstad -0.669 n/a -0.242

Myra 0.289 0.289 0.277

Rovatn 0.158 0.158 0.302

Isa v/Morstål bru 0.633 0.633 0.634

Søya v/Melhus 0.327 0.327 0.268

Vistdal 0.326 0.326 0.372

Average -0.069 0.155 0.150
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8 CONCLUSIONS AND RECOMMENDATIONS 

8.1 CONCLUSIONS 

The regional modeling using ENKI is carried out for the study area in order to obtain regional 

set of parameters to estimate runoff for ungauged catchments. The regional set of parameters 

was calibrated from historical climatic and runoff data. All necessary hydro-meteorological 

and geographical input data have been collected, processed and converted to ENKI readable 

format. The ENKI model has been set-up. Three cases of calibration have been carried out to 

obtain the best regional set of parameters for the entire study area and extracted simulated 

runoff are compared with the observed runoff values of Sweco catchments. Applicability of 

ENKI regional modeling has been compared to scaling approach. 

The first case of calibration was done including all the catchments; the calibrated period is 

from 2001 to 2005. The results showed variability of R
2
 from -0.24 to 0.85 for individual 

calibration. The catchments with small area and coastal zone location showed low R
2
 values.  

The lowest R
2
 belongs to Farstadelva v/Farstad catchment located in coastal zone with area of 

24.14 km
2
. The second largest catchment Eggafoss with area of 653.9 km

2
 and inland location 

have been calibrated with result of R
2
 = 0.85.The reasons of such high variability might be the 

size of the catchments, its location, errors in input parameters, low number and not equally 

distribution of meteorological data.  The regional set of parameters for the first case of 

calibration resulted in Nash efficiency of 0.15 which is comparatively very low. 

To improve the Nash efficiency a second calibration run was done. In this case the catchments 

which were giving poor R
2
 values have been omitted. The range of calibrated parameters has 

been expanded. The model runs over 7000 iterations over 9 catchments. The variability of R
2
 

for second case is from 0.375 for Vistdal catchment to 0.85 for Eggafoss catchment. The 

regional set of parameters has been improved and resulted in R
2
 = 0.55. Validation of the 

model has been carried out for the period from 2005 to 2011 and resulted with regional value 

of R
2 

= 0.583, which proves that the model is applicable for predicting runoff. 

The third case of calibration have been set identical to second one, the only difference is that 

the PcorrRain and PcorrSnow parameters were performed as raster maps with best values 

from first case of individual calibration. Those two parameters are ones of the most 

influencing in spatial interpolation of precipitation. Two raster maps have been prepared in 

GIS and converted to Idrisi format. The regional set for the third case of calibration resulted in 

R
2 

= 0.452. 

The regional set of parameters with R
2
 = 0.55 obtained from second case of calibration has 

been used for extraction runoff data series for Sweco catchments. The Nash efficiency for 

simulated runoff from Sweco catchments resulted with low R
2
 values. The variability of R

2
 is 

from -12.79 to 0.38. The reasons of such results can be the small size of Sweco catchments 

(area is from 16.9 km
2 

to 69.7 km
2
), errors in input data or the location of the catchments. The 

catchments located in coastal zone obtain worser value of R
2 

compare to catchments located 

in inland climatic zone. 
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Coastal climatic zone calibration have been done as one more try in order to achieve better 

results over the catchments, lying near the coastal line. New input parameters have been 

implemented into ENKI model including runoff and precipitation data series only located 

within coastal zone. The temperature data series and range of parameters have been used as 

for all other calibration cases. The results showed variability of R
2
 from -0.669 (for 

Farstadelva v/Farstad catchment) to 0.633 (for Isa v/Morstål bru catchment). The R
2
 of coastal 

climatic zone regional best set of parameters resulted in 0.069. Excluding Farstadelva 

v/Farstad catchment from average calculation of regional parameters, the regional R
2
 value 

becomes 0.155 which is very low. The calibration results for coastal climatic zone have not 

been improved compare with results from first case of calibration. The reason of such low 

results might be the difficult precipitation pattern along the coastal zone. 

The comparison of estimating runoff for Sweco catchments using regional modeling with 

ENKI and scaling method have been carried out. The runoff data series for scaling method 

have been used from NVE catchments previously utilized for calibration in this project. The 

location and area of NVE catchments have been taking into consideration. The hydrographs 

and duration curves have been drown to see the relation between simulated, scaled and 

observed runoff for Sweco catchments. The conclusion from the analysis is that the scaling 

approach is able to estimate more accurate runoff data series for small catchments in 

comparison with regional modeling with ENKI method. 

The overall conclusion is: the application of regional modeling with ENKI within selected 

study region able to estimate good simulated runoff for large catchments. For estimating 

runoff within small catchment the traditional scaling approach will lead to higher accuracy of 

data compare with application of regional modeling.  

8.2 RECOMMENDATIONS 

The runoff estimation using ENKI model has been carried out for ungauged catchments for 

selected study area. However, the results are not satisfactory for small catchments which can 

be improved in further studies. Following points are recommended: 

- The size of the region selected for regional modeling with ENKI should be chosen 

such that the best parameter set can be obtained. 

- Climatic conditions within the region should be homogeneous. 

- The input data series for regional modeling should be long enough and well distributed 

in order to be representative of the whole region.  
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10 APPENDICES 

 

Appendix A: Hypsographic Curves 

Appendix B: The script for extracting calibration results from .nc file using "R" program 
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Appendix A: Hypsographic Curves 
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Appendix B: The script for extracting calibration results from .nc file using "R" program. 

 

# this script reads the ENKI result file 

setwd("C:\\calibration_resulrs_R)\\") 

library(nvdf) 

 

nc=open.ncdf( "FINAL_CALIBRATION_RESULTS.nc", write=FALSE, readunlim=F) 

#______________________observation______________________________________ 

obs=get.var.ncdf (nc, "Qstats") 

data 

dead(obs) 

ob1=t(obs[,,1])  # first parameter set simulation 

head(ob1) 

#_____________________simulation results__________________________________ 

data <- get.var.ncdf (nc, "Qsim") 

data 

head(data) 

dim(data)    # 23 rivers, 2679 time steps and 1627 runs  (1627 parameter set run) 

first_rn=data[,,1] 

par1=(t(first_rn)) 

head(par1) 

plot(pat1[,1] , type="1") 

for ( i in 1:1627){| 

first_rn=data[,,i] 

par1=round((t(first_rn)),2) 

head(par1) 

write. table(par1, paste("Flow_for_ParSet_", i, ".txt",sep=(""))) 


