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Table 2- Statistical Characteristics of the gauge and satellite rainfall in Mond basin

Statistical Period Rain event Paramter Max Mean Min SD cVv
Gauge Rainfall 94.43 51.62 18.96 17.93 0.35

11/23/2014-11/26/2014
GPM Rainfall 51.95 37.52 7.51 8.39 0.22
Gauge Rainfall 59.27 38.56 10.19 11.81 0.31

2014-2015 03/17/2015-03/18/2015
GPM Rainfall 58.89 35.95 15.45 10.22 0.28
Gauge Rainfall 86.93 19.60 1.74 10.42 0.53

06/22/2015-06/24/2015
GPM Rainfall 37.58 17.2 5.12 6.28 0.37
Gauge Rainfall 138.80 51.36 1.09 21.98 0.43

10/11/2015-10/12/2015
GPM Rainfall 83.89 42.75 0.97 20.36 0.48

2015-2016

Gauge Rainfall 132.59 35.52 4.80 17.64 0.50

12/31/2015-01/03/2016
GPM Rainfall 51.49 24.4 2.75 7.47 0.31
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Table 3- statistical analysis results of comparing the methods used with observed data.

Rain Event Method MAE MBE RMSE Bais PBais SD R"2

CM 15.11 -4.18 18.58 -0.07 -7.03 18.10 0.98
11/23/2014-11/26/2014 BFCM 15.18 -4.07 18.68 -0.07 -6.84 18.22 0.97
MCM 15.13 -4.12 18.62 -0.07 -6.93 18.16 0.98

CM 15.96 -11.31 19.99 -0.35 -35.21 16.39 0.98
03/17/2015-03/18/2015 . BFCM 15.93 -11.40 20.02 -0.35 -35.48 16.37 0.98
MCM 15.94 -11.35 20.00 -0.35 -35.34 16.38 0.98

Cl\%;\ 23.40 -20.50 25.48 -0.91 -91.12 15.25 0.98
BFC 23.39 -20.43 25.41 -0.91 -90.81 15.22 0.98
MCM 23.40 -20.46 25.44 -0.91 -90.96 15.23 0.98

06/22/2015-06/24/2015

CM 19.24 431 25.22 0.09 8.90 25.02 0.99
10/11/2015-10/12/2015.. BFCM 19.28 4.30 25.19 0.09 8.88 24.98 0.98
MCM 19.24 4.30 25.20 0.09 8.88 25.00 0.99

CM 28.67 28.08 36.59 0.64 63.67 23.62 0.99
12/31/201&01/03/2016 BFCM 28.68 28.14 37.29 0.64 63.82 24.63 0.96
MCM 28.67 28.11 36.91 0.64 63.75 24.08 0.98
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Fig. 8- scatterplots.and correlation coefficient of the comparison between estimates values of
conditional merging methods and rain gauge observation data.
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Table 4- Statistical Characteristics of the satellite—rain gauge data merging technique in the basin.

Rain event Method Max Mean Min SD Ccv

CM 93.57 51.81 10.07 18.62 0.36

11/23/2014-11/26/2014 BFCM 93.07 52.05 10.43 18.71 0.36
MCM 93.32 51.93 10.25 18.66 0.36

CM 69.01 38.29 7.06 13.28 0.34

03/17/2015-03/18/2015 BFCM 71.74 38.51 8.60 13.49 0.35
MCM 70.38 38.4 7.83 13.37 0.34

CM 89.7 194 1.54 10.98 0.55

06/22/2015-06/24/2015 BFCM 87.91 19.55 0.63 10.83 0.56
MCM 88.81 19.48 1.12 10.88 0.56

CM 137.77 51.64 -0.36 22.9 0.44

10/11/2015-10/12/2015 BFCM 134.66 51.85 0.78 23.49 0.45
MCM 136.23 51.75 0.22 23.16 0.44

CM 132.58 35.27 4.77 18.48 0.52

12/31/2015-01/03/2016 BFCM 132.57 35.62 4.8 20.17 0.56
MCM 132.63 35.62 4.8 20.17 0.57
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Introduction

Estimation of precipitation as one.of the most important factors affecting human life and activities
is one of the most important issues of interest among decision makers such as water resource
managers, farmers, industry owners, and in general, water and climate researchers, especially in
arid and semi-arid regions.of the world. However, so far, access to real rainfall in the basins,
especially the mountainous basins, is a vague and complicated issue. Precise measurements of
precipitation in.not usually possible in these basins due to environmental conditions and relatively
moderate spatial ehanges inrainfall.

At present, there are various methods and tools for measuring rainfall or estimating it (Barrett,
1970, Rabiei et al., 2013), which includes: 1) Ground rain-gauge stations 2) Ground radars 3)
Satellite estimates. But the most common method is to measure rainfall are meteorological radar
(Cremonini et al.; 2014) and ground rain gauge stations (Acquaotta et al., 2016). The ground rain-
gauge  stations are usually used by sensors or rain measuring devices. They represent direct
measurements of rainfall over the ground (precipitation depth), but they are not able to transmit the
spatial pattern of precipitation (Huff, 1970). Meteorological radars and satellite data, on the other
hand, are capable of recording and estimating rainfall data with high spatial and temporal
resolution. However, considering the variable rainfall uncertainties in this type of data, they are not
able to accurately estimate rainfall (Jordan et al. 2000). To solve this inherent problem, there is a
need for a methodology that uses all methods of rainfall measurement in the best way. The most
commonly used method for reconstructing the precipitation rate with higher accuracy is based on
comparison of satellite observations or meteorological radars with ground measurements recorded
by rain gauge stations that are spatially dispersed appropriately. In this research, in order to
combine and correct the rainfall data, appropriate methods for the integration and correction of
rainfall data using rain gauge stations and satellite images at the basin level have been used.



Materials and methods

A variety of methods have been developed for creating a relationship between rainfall measurement
methods at the basin level (Goudenhoofdt and Delobbe, 2009). Currently, Kriging with the
correction of satellite-based error or simple Kriging and the conditional merging method (Ehret
2002, Sinclair and Pegram 2005) is the most appropriate method for due to the high quality of the
results and because of its simplicity and computational efficiency. In this research, the conditional
merging method and the methods based on it have been used. In this method, ground rainfall data
and satellite data are merged, then information on the expansion of combined data at the basin level
are obtained by using Kriging geostatistical methods.

Conditional merging method

Conditional merging (CM) using a satellite network is in order to estimate ordinary.kriging error
at the rain gauge and attempt to correct it. First, the satellite values (S) at each station (G) are used
to provide kriging KS(g). Then, this field decreases from the initial satellite precipitation to get the
error map. Finally, the error value is added to the interpolated values of the rain gauge station by
the Kriging KG(g) method (Goudenhoof and Delobbe, 2009).. The final formula is expressed by
relation (1):

CM =S — Ky, + Kgg @)

Bias field conditional merging method

This method is calculated by dividing the initial values of the satellite's precipitation, the
interpolated satellite values using the Kriging method, and eventually multiplying it by the result
of the Kriging interpolation in the ground station values, which is expressed in terms of relation

(2):
BFCM = (KL)KG(Q) (2)

S(9)

This method introduces some of the partial problems associated with division by zero or even
indefinite forms, but the approach taken in these cases simply assumed that the final value is zero.

Mean conditional merging

The second method, called the mean conditional merging method, is expressed in terms of relation
(3), which represents the average between (CM) and (BFCM).

S
S = Ksg) + K +(K )Ke ()

MCM = > 3(9) 3)

Since all the methods presented here are based on spatial algorithms applying to a set of points, the
presence of a compressed rain-gage network provides more accurate results.

Results and discussion

The validation process is carried out through the methods used to merge and modify rainfall at
the catchment area with the help of rain gauge stations and satellite rainfall values, by comparing
the values of images and maps derived from methods based on the conditional merging with
observational values of the ground stations using criterion and statistical analysis, the results of
which have been presented in Table (1).



According to the results presented in Table (1) and by comparing statistical analyzes based on
the results of each method with observational data, all three methods used for merging and
correcting rainfall in the catchment area have close and acceptable results and there is a significant
correlation with ground data, however, in order to select and propose a suitable method for merging
and correcting rainfall with both spatial distribution characteristics and preserving the precipitation
rate, it can be said that the conditional merging method has better and more acceptable results and
was determined as the appropriate method.

Table 1. Statistical analysis results of the comparison between estimates of each method and
rain gauge observations.

R"2 SD Pbais bais RMSE MBE MAE Method Rain event
098 1810 -7.03 -0.07 18.58 -4.18 15.11 CM

0.97 18.22 -6.84 -0.07 18.68 -4.07 15.18 BFCM.. ~93/09/02-05
0.98 18.16 -6.93 -0.07 18.62 -4.12 15.13 MCM

0.98 16.39 -35.21 -0.35 19.99 -11.31 15.96 CM

0.98 16.37 -35.48 -0.35 20.02 -11.40 15.93 BFCM  93/12/26-27
0.98 16.38 -35.34 -0.35 20.00 -11.35 15.94 MCM

0.98 15.25 -91.12 -0.91 25.48 -20.50 2340 CM

0.98 15.22 -90.81 -0.91 25.41 -20.43 23.39 BFCM  94/01/01-03
0.98 15.23 -90.96 -0.91 25.44 -20.46 23.40 MCM

0.99 25.02 8.90 0.09 25.22 431 19.24 CM

0.98 24.98 8.88 0.09 25.19 4.30 19.28 BFCM  94/07/19-20
0.99 25.00 8.88 0.09 25.20 4,30 19.24 MCM

0.99 23.62 63.67 0.64 36.59 28.08 28.67 CM

0.96 24.63 63.82 0.64 37.29 28.14 28.68 BFCM  94/10/03-05
0.98 24.08 63.75 0.64 36.91 28.11 28.67 MCM
Conclusion

The purpose of this study was to modify and improve the performance of rainfall data at the
watershed area by using the.combination of rainfall and satellite data using geostatistical analysis
and merging methods. Accordingly, the statistical analysis criteria had been used for comparing
the results of regional rainfall (distributed at the area) by the different merging methods used in the
study with observational values of the network of ground stations at the catchment area. The results
showed that the regional precipitation values estimated from the conditional merging method
provided better results, so that the merged precipitation values retained the precipitation rates of
the ‘ground station and has improved the spatial distribution of rainfall on the watershed area
relative to.the satellite rainfall. In general, this study shows the validity of the conditional merging
method for estimating and merging land and satellite data in order to modify regional rainfall in
the Mond basin.
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