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One of the problems of specialists and designers is the incomplete time series in 

hydrology studies, which causes errors in the results and complicates the 

implementation of projects. This issue is more acute in areas where the number of 

rain gauge stations is limited. Currently, it is common to use statistical methods in 

order to solve statistical data gaps. The current research aims to evaluate the 

performance of the method of reconstructing missing values of daily rainfall using 

the waterData package in R software and the time disaggregation method of 

reconstructing annual values to daily values in the period from 1990 to 2020 using 

43 stations with complete statistics among 87 selected synoptic stations. It was 

done in Iran. Based on the average values of the evaluation indices for two times 

disaggregation and reconstruction using the waterData package in R software 

methods, for the CC index 1 and 0.95 respectively, for the MBE index 0 and -0.01 

respectively, for the RMSE index 0.3 and 1.1 respectively, for The NSE index is 

0.99 and 0.89, respectively, and the CSI and POD index are 0.94 and 0.63, 

respectively, which shows the better performance of the time disaggregation 

method. The average values of Bias and FAR index for two methods are equal 

to -0.01 and 0, respectively, and indicate the similar performance of the two 

methods.  
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Table 1. Statistical metrics used in the evaluation and classification of precipitation 

Equation Statistical Index 

&& = ∑ (%� − %$)(�� − �$ )��	

)∑ *%� − %$+� ��	
    )∑ (�� − �$ )���	


 
Correlation Coefficient 

,-. = ∑ (�� − %���	
 )/  Mean bias error 

�,0. = 1∑ (�� − %�)��2	
 /  
Root Mean square error 

�0. = 1 − ∑ (�� − %�)���	
∑ (�� − %$�  )���	
  Nash–Sutcliffe efficiency 

-456 = ∑ %���	
 − ∑ ����	
∑ ����	
  Bias 

�%7 = 88 + , Probability Of Detection 

 

9:� =  99 + 8 False Alarm Ratio 

&0; = 88 + 9 + , Critical Success Index 
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Figure 1. Location of the Iran with selected rain gauge statin 

  
Table 2. Characteristics of the study area 

Number of stations Percentage of Iran's area (%) Basins 

17 10 Khazar 

24 25 Persian Gulf and Oman Sea 
7 3 Urmia 

32 52 Markazi 

5 7 Hamoon 
2 3 Sarakhs 

  
Table 3. Characteristics of the studied stations 

Height latitude Longitude Station name Rank 

72.6 39.6031 47.7789 Pars Abad 1 

1411.2 39.37944 44.3916 Maku 2 
736.2 38.9333 45.6 Jolfa 3 
1103.4 38.55806 44.9952 Khoy 4 
1391 38.43333 47.0666 Ahar 5 
1361 38.1219 46.2422 Tabriz 6 
1641 37.93333 46.1166 Sahand 7 

1335.2 38.21806 48.3286 Ardebil 8 
-21.1 38.365 48.8547 Astara 9 
1328 37.65861 45.0552 Urmia 10 
1344 37.3475 46.1458 Maraghe 11 
-23.6 37.47972 49.4575 Bandar Anzali 12 
-8.6 37.3225 49.6241 Rasht 13 
1065 37.48722 57.3033 Bojnord 14 

1443.5 36.69778 45.14667 Piran Shahr 15 
1351.8 36.75333 45.7152 Mahabad 16 
1522.8 36.22167 46.3111 Saghez 17 
1817.2 36.39556 47.0986 Takab 18 
1659.4 36.6603 48.5217 Zanjan 19 
1575 36.19583 49.2108 Khormadreh 20 

1279.1 36.3193 50.02 Ghazvin 21 
-20 36.90444 50.6833 Ramsar 22 

-20.9 36.66139 51.4669 Nowshahr 23 
-21 36.72 52.6530 Babolsar 24 
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Continued table 3. Characteristics of the studied stations 
Height latitude Longitude Station name Rank 

14.7 36.45417 52.7716 Gharakhil 25 
0 36.905 54.4131 Gorgan 26 

1325.2 36.38056 54.9297 Shahrud 27 
1287 37.11667 58.45 Ghochan 28 
278 36.53722 61.1488 Sarakhs 29 
962 36.2072 57.6494 Sabzevar 30 

999.2 36.23639 59.6311 Mashhad 31 
1373.4 35.25444 47.0147 Sanandaj 32 
1292.9 35.80694 50.9538 Karaj 33 
1209.2 35.7017 51.4756 Dushan Tape 34 
1191 35.6931 51.3092 Tehran (Mehrabad Airport) 35 

2465.2 35.75 51.8833 Abali 36 
1127 35.58833 53.4213 Semnan 37 
899.9 35.24306 52.3602 Garmsar 38 
1451 35.3317 59.2058 Torbat Heidarieh 39 

1109.7 35.27111 58.4733 Kashmar 40 
545 34.45 45.8666 Sare pole Zahab 41 

1318.5 34.35222 47.1533 Kermanshah 42 
1679.7 35.19528 48.6902 Hamedan (Noje) 43 
1740.8 34.86944 48.5347 Hamedan (Airport) 44 
1702.8 34.07194 49.7833 Arak 45 
879.1 34.77472 50.8552 Qum 46 
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Figure 2. Mass curve of annual precipitation in rain gauge station in the study area 
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Figure 3. Spatial pattern of changes in the evaluation indexes on daily scale  

(Left side: disaggregation method, Right side: waterData package) 
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Figure 4. Map of changes in the classification indexes on daily scale  

(Left side: disaggregation method, Right side: waterData package) 

  

NQ� U�� U
��
� ���6�  -�	B +� �(L5M� ���	�� +� 1)4( �	� �
� .�!�  U
��
� ���6� `!���

NQ�  H1CC �MBE �RMSE �NSE �CSI  �POD U
��
� ���6� .�+�� H���� ��#V�  ���� �	""#� <�+ �

NQ�  H1Bias  �FAR�� ��� �+ <�+ �� *��� ��#V�  � .	1�  

  



�&��� /�& ��� 3�14� ,��,��� /&�� �	,�&  /6	&�"7� � ������ �	
�� ����      337 

Table 4. The average values of the indicators of the study area 
Disaggregation method ARIMA method Statistical Index 

1 0.95 CC 

0 -0.01 MBE 

0.3 1.1 RMSE 
0.99 0.89 NSE 

-0.01 -0.01 Bias 

0.94 0.63 CSI 
0.94 0.63 POD 

0 0 FAR 
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5. �7 8&�� 	
 

1. Missing data 

2. Double Mass Curve 

3. Disaggregation 

4. Change Factor Method 

5. U.S. Geological Survey 

6. Local Level Model 

7. Local Linear Trend Model 

8. Probability of Detection 

9. False Alarm Ratio 

10. Critical Success Index 

11. Mean Bias Error 

12. Root Mean Square Method 

13. Correlation Coefficient 

14. Nash-Sutcliffe index 

15. Cross validation 
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