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ABSTRACT 

High resolution satellite-based rainfall products have been used as an alternative source of data 

in areas where ground rainfall measurements are not available or missed. The objective of this study is 

to compare four high-resolution satellite-based rainfall products including: Climate Hazards Group 

Infrared Precipitation with Stations (CHIRPS), Precipitation Estimation from Remotely Sensed 

Information using Artificial Neural Networks-Cloud Classification System (PERSIANN-CCS), African 

Rainfall Estimation (RFE 2.0), and Tropical Applications of Meteorology using Satellite (TAMSAT) 

with the ground-based observed rainfall data over the Omo-Gibe River Basin. A total of 17 stations with 

relatively complete and long time series data were used for comparison. For spatial assessment, standard 

approach is adopted at different temporal scale over the time window of 2003-2017. Different statistical 

methods were used to assess their performance in estimating and reproducing rainfall amounts and 

evaluate rain detection capabilities. Results showed that at mean daily scale good correlation agreement 

was observed at one station with TAMSAT, RFE, PERSSIAN-CCS, CHRIPS (r = 0.769, r = 0.686, r = 

0.627, r = 0.543) respectively; whereas, the remaining stations with the products shows poor correlation 

with ground observation. However, when the time step increases the accuracy of satellite rainfall 

products to predict the rainfall event relative to the station value will increase. From different satellite 

rainfall products which are used in this study the adjusted TAMSAT dataset can be used as an alternative 

dataset for further analysis in the study area. 
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1.  INTRODUCTION 

 

Rainfall is the main input for different socioeconomic activities mainly in water resource 

and agricultural developments. As such knowing the pattern and distribution of the rainfall 

provides an insight in how to use it. Many countries have been affected by its variability and 

long-term changes in both rainfall amount and distribution over recent decades’ [1]. The 

magnitude and impacts of such variability need continuous time series recorded data. Moreover, 

effective water resource management need consistent and reliable estimates of rainfall data. 

These data are provided by networks of in-situ monitoring stations which are costly to 

maintain in vast and desert areas [2]. In addition to the aforementioned challenges these in-situ 

measurements couldn’t represent the spatial pattern effectively, as they are only used to record 

data at a given spot. Moreover in-situ rainfall measurements are either completely unavailable 

or have missed significant number of historical data and may be difficult to access for timely 

use. Therefore, high-resolution satellite-based rainfall products have been regarded as an 

alternative source of data in regions where conventional rainfall measurements are not readily 

available or inadequate [3]. 

The growing availability of high resolution (and near real time) satellite-based rainfall 

products are attracting the interest of hydrologist particularly in developing countries and 

remote locations, where weather radars are absent and conventional rain gauge are sparse [4].  

However, satellite-based rainfall products are susceptible to significant bias as compared 

to gauge measurements. Therefore, bias correction that can potentially compensate for the 

systematic errors is essential and becoming common exercise in most hydro-metrological 

studies. There are two methods for validating satellite-based rainfall products either through 

ground truth or through model-based application, as suggested by many researchers [5], [6], 

[7], [8] and [9]. 

The first method refers to the comparison of satellite-based rainfall products against 

ground observed rainfall data while the second approach refers to the evaluation of SRPs by 

assessing their performance within a target application (example: hydrological models). Even 

though both methods can be independently applied, they can be considered as complementary: 

the first one provides insight into the intrinsic data quality of the SRP, whereas the second one 

assesses the usefulness of the SRP within a certain application [10].  

In the present study, catchment specific comparison of satellite-based estimates and 

ground-based observation were carried out in a relatively varied tropical region. Appropriate 

precipitation bias correction scheme for the basin were explored so as to use the dataset in future 

water resources development studies. 

Overall, this study is used to investigate the performance of four operational high-

resolution satellite-based rainfall products including: Climate Hazards Group Infrared 

Precipitation with Stations (CHIRPS), Precipitation Estimation from Remotely Sensed 

Information using Artificial Neural Networks-Cloud Classification System (PERSIANN-CCS), 

African Rainfall Estimation (RFE 2.0), and Tropical Applications of Meteorology using 

Satellite (TAMSAT) in Omo-Gibe River Basin, Ethiopia. 
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1. 1. Overview of satellite rainfall products 

1. 1. 1. Satellite based rainfall estimation methods 

SRE is primarily from two types of meteorological satellites: namely, geostationary, and 

polar-orbiting satellites. Geostationary satellites provide continuous observation of the earth’s 

surface and provide data on half-hourly or even lesser durations. Imagery obtained from these 

satellites are mainly visible (VIS) and IR at a resolution of about 4 km, with information on 

clouds, collected once every 15- 30 minutes. The second type of satellites is the polar-orbiting 

satellites. They make earth observation in a circular orbit from pole to pole at an altitude of 

about 800 km and use mostly microwave (MW) channels. The orbits of these satellites are such 

that they pass the equator at the same local time during each orbit, providing about two 

overpasses each day [11]. 

Catchment level studies are commonly conducted by utilizing the rainfall from both 

sources. An extensive evaluation of 10 different satellite rainfall products was performed using 

station network over a complex topography by [1] where elevation varies from below sea level 

to 4620 m above mean sea level. The evaluation was for two groups of products. The first group 

had low spatial (2.5°) and temporal (monthly) resolution and the second group comprised 

products with relatively have high spatial (0.1° to 1°) and temporal (3-hourly to 10-daily) 

resolution. These products were aggregated to a 10-day total and remapped. TRMM-3B43 and 

CMAP from the first group and CMORPH, TAMSAT and TRMM-3B42 from the second group 

performed reasonably well. 

 

Table 1. Summary of Some Satellite-Related rainfall Products Currently Available 

 

Satellite product 
Temporal 

coverage 
Spatial coverage 

Spatial 

resolution 
Reference 

CHIRPS Version 

2.0 

1981–

Present 

Near-global 50°N – 50°S,  

0° – 360°E 

0.05°  

(~5 km) 
[8] 

PERSIANN-CCS 
1983–

Present 

Near-global 60°N – 60°S,  

0° – 360°E 

0.04°  

(~4 km) 
[19] 

PERSIANN-CDR 
1983–

Present 

Near-global 60°N – 60°S,  

0° – 360°E 

0.25°  

(~25 km) 
[20] 

TRMM3B42 
1998-

Present 
60°S – 60°N 

0.25°  

(~25 km) 
[21] 

RFE Version 2.0 
2001–

Present 

Africa 40°N – 40°S,  

20°W – 55°E 

0.1°  

(~10 km) 
[8] 

CMORPH 
2002-

Present 
60°S – 60°N 

0.25°  

(~8 km) 
[22] 

TAMSAT Version 

3.0 

1983–

Present 

Africa 38°N – 36°S,  

19°W – 52°E 

0.0375°  

(~4 km) 
[8] 

 

 

The performance of seven operational high-resolution satellite-based rainfall products – 

(ARC 2.0), (CHIRPS), (PERSIANN), (RFE 2.0), TAMSAT), TARCAT), and (TRMM) daily 

and monthly estimates – was investigated for Burkina Faso by [8]. These were compared to 
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ground data for 2001–2014 on a point to- pixel basis at daily to annual time steps. The choice 

of the product depends on the specific application: ARC, RFE, and TARCAT for drought 

monitoring, and PERSIANN, CHIRPS, and TRMM daily for flood monitoring in Burkina Faso. 

Evaluation of Satellite Rainfall Estimates in the Pra Basin of Ghana was also carried out by [3]. 

The accuracy of three satellite rainfall products in the Pra Basin of Ghana was assessed 

using the point-to-pixel method, following the analysis of the data at daily, monthly, annual and 

seasonal timescales. Their result showed that TMPA products performed better on all 

timescales considered. CMORPH, on the other hand, showed overestimation at all gauge 

locations. The TMPA3B42 was seen to be the best amongst the three products. The overall 

rainfall in the basin was well depicted by the TMPA 3B42 and 3B42RT. Although there was 

not a perfect match between the 3B42RT and 3B42 products and the gauged rainfall, these 

products can be used to supplement gauged rainfall measurements in the basin and in the 

estimation of rainfall in ungauged basins with similar characteristics. In the powyżej Table 1 

Summary of Some Satellite-Related rainfall Products is presented.  

 

 

2.  MATERIAL AND METHODS  

2. 1. The study area 

 
 

Figure 1. Location of the study area 



World Scientific News 165 (2022) 110-129 

 

 

-114- 

The Omo Gibe River Basin covers an area of 79,000 km2 and is situated in the 

southwestern part of Ethiopia. Geographically, the area is situated between 4°30’ to 9°30’ N 

and 35° to 38° E at an average altitude of 2800 m above mean sea level. With regard do 

hydrological conditions, it accounts 14% of Ethiopian annual runoff. The main river flows from 

the northern highlands through the lowland zone to discharge into Lake Turkana at the Ethio-

Kenya border in the south and is nourished along its course by some important tributaries. The 

fundamental characteristic of the Omo Gibe River Basin is its complex topographic feature. 

Thus, the basin is divided sharply into the highlands in the northern half of the area and lowlands 

in the southern half [13]. 

From the rainfall measuring stations perspective the north half of the basin have a greater 

number of stations than the southern half. However, the number of stations in this basin are not 

enough to represent the rainfall distribution in the basin and most of the stations have a lot of 

missed data in which some are not operational at all. The study area is presented in Figure 1 

below.  

 

2. 2. Data collection and processing 

2. 2. 1. Ground observed data 

In the study area, meteorological stations of different classes are found and collected from 

the Ethiopian National Meteorological Services Agency (NMSA). Records of the time series 

data covers a period of 2003 – 2017. The selection of the station was based on their long-time 

data availability and impact on the study area (weight). Moreover, stations that are around the 

study area with relatively long time series data was also selected. Number of daily ground 

observations and aggregated totals per synoptic station used in the study are shown in Table 2. 

 

Table 2. Number of daily ground observations synoptic station in Omo-Gibe River basin 

(2003-2017) 

 

Station name Longitude Latitude No day’s observation Missed (%) 

Agena 38.00 8.14 2780 0.49 

Areka 37.71 7.06 3727 0.32 

Assendabo 37.22 7.75 4369 0.20 

Baco 37.08 9.12 4373 0.20 

Dimeka 36.53 5.17 4704 0.14 

Genchile 37.84 8.03 1461 0.73 

Gubre 37.81 8.19 4003 0.27 

Hana 36.13 6.22 1820 0.67 

Hosana 37.85 7.57 3483 0.36 
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Imdibir 37.94 8.12 2510 0.54 

Jimma 36.82 7.67 5222 0.05 

Jinka 36.55 5.77 5434 0.01 

Limu-Genet 36.95 8.07 4247 0.22 

Serbo 36.97 7.70 3828 0.30 

Tercha 37.17 7.15 3885 0.29 

Woliso 37.97 8.54 4980 0.09 

Wolkite 37.75 8.27 4563 0.17 

 

 

2. 2. 2. Satellite rainfall products 

Global and continental remote-sensing precipitation products are becoming increasingly 

available with reasonable spatial and temporal resolutions for application in hydrological and 

climate studies. These may provide an alternative source of data over conventionally measured 

precipitation at weather stations [8].  

 

 
Figure 2. Sample Daily rainfall estimate of the product for CHRIPS 
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Figure 3. Sample Daily rainfall estimate of the product for TAMSAT 

 

 

The satellite rainfall products (SRPs) evaluated in this study were selected based on: (I) 

their long time-series data availability; (II) their spatial and temporal resolutions, which make 

them particularly suitable for hydrological applications; (III) their near-real-time availability; 

and (IV) their public domain availability [8].  

There are now several operational and semi-operational algorithms available from 

national centers and universities to produce rainfall estimates for time periods ranging from 

half-hourly to monthly [11]. Among others, based on the above-mentioned criteria and 

commonly used in hydrological studies where ground-based data are hardly available CHIRPS, 

PERSIANN-CCS, RFE 2.0 and TAMSAT are used for this study. Sample daily estimates of 

the products are illustrated in Figure 2 and Figure 3. 

 

2. 3. Methods 

2. 3. 1. Extraction of satellite rainfall estimates 

The satellite rainfall products used in this study were obtained from gridded Network 

Common Data Format (Net-CDF) archived over the time window of January 1, 2003 to 

December 31, 2017. A total of 5479 files (including leap years) for each of the satellite product 

were downloaded from the sources. Then, GIS and OPEN NC FILEsoftware were used to 

extract and export the rainfall data to easily manageable text files in excel for the study area. 
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2. 3. 2. Data comparison and evaluation 

Satellite-based rainfall estimates are continuous and represent areal rainfall while gauge 

observed rainfall is at a particular point in location. Hence, to make comparisons between the 

two it is necessary either to convert the areal rainfall into point values or interpolate the point 

values into areal representation. In the present study a point-to-pixel analysis was applied 

following standard procedures [3], [8], [10], [14] and [23]. As illustrated in figure 3, all SRPs 

with a spatial resolution higher than 0.1° (i.e. PERSIANN-CCS TAMSAT and CHIRPSv2) 

were up scaled to a unified grid of 0.1° in order to enable consistent point-to-pixel comparisons. 

The up scaling procedure applied in this work consisted of transferring values from the high-

resolution raster cells to each one of the 0.1 - degree grid cells, by using bilinear interpolations 

implemented in the Re-grid function of the R package by CDT tool. Simple schematic 

representation of the comparison procedure is depicted in Figure 4 below. 

 

 
 

Figure 4. Comparison procedurę 

 

 

2. 3. 3. Verification of satellite-based rainfall estimates 

Two statistical approaches were used to perform the verification procedures. These 

methods include (I) pairwise comparison statistics (continuous statistics) to evaluate the 

performance of the satellite products in estimating the amount of rainfall, and (II) categorical 

statistics used to assess rain detection capabilities.  

 

(1) The Pearson correlation coefficient (r): it is used to evaluate how well the estimates 

corresponded to the observed values; 

 

                                         𝑟 =
∑ (𝐺𝑖−𝐺𝑎𝑣)𝑛

𝑖=1 (𝑆𝑖−𝑆𝑎𝑣)

√∑ (𝐺𝑖−𝐺𝑎𝑣)𝑛
𝑖=1

2

√∑ (𝑆𝑖−𝑆𝑎𝑣)𝑛
𝑖=1

2           Equation - 1 

 

(2) The Mean Error (ME): it estimates the average estimation error –a positive ME shows 

that the estimated rainfall is generally overestimated, while a negative sign shows it is 

underestimated;  

 

                                                               ME =
1

n
∑ (𝑆𝑖 − 𝐺𝑖)

𝑛

𝑖=1
               Equation - 2 
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(3) The Bias: it corrects the degree to which the measured value is over- or underestimated;  

 

Bias = 
∑ 𝑆𝑖

𝑛
𝑖=1

∑ 𝐺𝑖
𝑛
𝑖=1

                     Equation-3 

 

(4) The root mean square error (RMSE): it is a frequently used objective function of two 

variables – it measures the average magnitude of the estimate errors. Lower values 

indicate greater central tendencies and generally smaller extreme errors;  

 

                                                        RMSE=√𝟏

𝐧
∑ (𝑆𝑖 − 𝐺𝑖)

𝑛

𝑖=1

𝟐
          Equation-4 

 

(5) Nash–Sutcliffe Efficiency coefficient (E): it shows how well the estimate predicted the 

observed time series, and it varies from minus infinity to one; negative values show that 

the gauge recorded value is better than the satellite-based estimate, whereas, zero values 

show that the gauge record is as good as the satellite estimate, and 1 corresponds to a 

perfect match between gauge measurements and satellite-based estimates. 

 

                                             E= 1-
∑ (𝑆𝑖−𝐺𝑖)

𝑛

𝑖=1

2

∑ (𝐺𝑖−𝐺𝑎𝑣)
𝑛

𝑖=1

2                  Equation-5 

 

where:  

Si  represent   designates estimated value, 

 𝑺𝒂𝒗  Represent average satellite rainfall estimates, 

Gi  represents observed value at a given cell, 

𝑮𝒂𝒗  Represent average satellite rainfall estimates and  

n  represent the number of samples. 

In applying categorical statistics, two indicators were computed and used for validation 

purpose in Table 3 below. 

 

Table 3. Contingency table. 

 

Gauged 

/observed 

rainfall 

 
Satellite rainfall 

no rain yes rain 

no rain correct negative (N) false alarm (F) 

yes rain Miss(M) hit (H) 

 

 

From the contingency table, we can infer that   

a) ‘hits (H)’ represents correctly estimated rain events by the product as well as the in-situ 

measurement,  
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b) ‘false alarms (F)’ represents when rain is estimated by the product, but did not occur in 

reality as measured by the ground observation instruments, 

c)  ‘misses (M)’ represents when rain is not estimated by the product, but did occur by the 

ground-based measurement, and  

d) ‘Correct negatives (N) ‘represents correctly estimated no rain events by the product as 

well as the ground-based measurement.  
 

Once the values in the contingency tables are determined, the probability of detection and 

false alarm ratios are further calculated for validation purpose.  

The Probability of Detection (POD): indicates what fraction of the observed events 

was correctly estimated and it is given in equation below.  

 

POD = 
𝐻

𝐻+𝑀
         Equation-6 

 

The False Alarm Ratio (FAR): it shows what fraction of the predicted events did not 

actually occur.  

 

FAR = 
𝐹

𝐻+𝐹
          Equation-7 

 

2. 3. 4. Bias adjustment for the SRP 

As noted earlier, SRPs are often susceptible to bias that needs thorough adjustment. Many 

studies [11] and [16] have applied some bias correction methods which are becoming standard 

in climate and water resources studies. From different bias adjusting methods, the linear scaling 

(LS) method was selected, as it aims to match the monthly mean of corrected values reasonably 

with that of the observed ones [16]. The linear scaling formula is illustrated in equation-8 below.  

 

Pd.cor = Pd.sat*(
Pm.obs

Pm.sat
)       Equation-8 

 

where  

Pd. cor represent corrected daily SRP  

Pd.sat represent uncorrected (raw) daily SRP   

Pm.obs represent long-term mean monthly observed rainfall data and 

Pm.sat represent long-term mean monthly satellite rainfall data. 

 

 

3.  RESULTS  

3. 1. Daily comparison 

The period of analysis was 15 years (5479 days) but only those days where ground 

observations are available with rainfall estimates were considered and the comparison was done 

at daily and monthly temporal scales. The correlation result of the entire daily satellite product 

and the rain-gauge data were not promising. As shown in Figure 5 and Table 4 the best 

performance was observed for Wolkite station and TAMSAT (r = 0.36, POD = 0.74), and RFE 

data (r = 0.251, POD = 0.81). However, the relationship was still very poor with the gauged 
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observed rainfall data. The results obtained are similar to the findings by [8] who compared 

SRPs in Burkina Faso and also showed similar result with that of [1], [2] and [3]. Therefore, it 

could be expected that significant differences occur between rain-gauge and satellite data for 

daily time series data. 

 

  

  
 

Figure 5. Daily scatter plots for Wolkite station rainfall in mm 

 

 

Table 4. Statistical indicators for daily Wolkite observed against SRPs 

 

SRPs Bias ME RMSE E POD FAR 

CHRIPS 1.4438 0.42474 9.02 -0.97 0.38568 0.54 

TAMSAT 1.235 0.69 7.07 -0.209 0.735 0.434 

RFE 1.11 0.33 7.85 -0.49 0.806 0.481 

PERSSIAN-CCS 0.927 -0.212 7.9 -0.511 0.613 0.4355 
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3. 2. Mean daily comparison 

Before any bias adjustment, the daily rainfall data were averaged over the 365/366 days; 

majority of which shows low correlation. As shown in the scatter plot of Figure 6 a relatively 

good correlation agreement was observed at Wolkite station with TAMSAT, RFE, PERSSIAN-

CCS, CHRIPS (r = 0.77, r = 0.67, r = 0.61, r = 0.53) respectively.  

 

 

  
 

Figure 6. Mean daily scatter plot for Wolkite station rainfall in mm 

 

 

Table 5. Some statistical indicators for mean daily station observed against SRPs 

a) at Jinka 
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Statistical indicators 

Bias ME RMSE E POD FAR 

CHIRPS 1.85 98.83 153.25 -41.66 1.00 0.00 

Corrected CHIRPS 1.00 0.05 0.41 1.00 1.00 0.00 

PERSIANN-CCS 0.57 -47.88 70.51 -8.03 1.00 0.00 
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b) at Jimma 

 

 
Statistical indicators 

Bias ME RMSE E POD FAR 

CHIRPS 0.85 -8.40 85.47 -23.66 1.00 0.00 

Corrected CHIRPS 1.00 -0.32 0.96 1.00 1.00 0.00 

PERSIANN-CCS 0.71 -38.47 64.08 -12.86 1.00 0.00 

Corrected PERSIANN-CCS 1.00 -0.03 0.83 1.00 1.00 0.00 

TAMSAT 1.09 15.04 90.17 -26.45 1.00 0.00 

Corrected TAMSAT 1.00 -0.13 0.46 1.00 1.00 0.00 

RFE 0.85 -20.17 56.53 -9.79 1.00 0.00 

Corrected RFE 1.00 -0.27 0.89 1.00 1.00 0.00 

 

 

The remaining station show low correlation. However, most products were observed to 

score nearly higher bias (B≥0.85). However, PERSSIAN-CCS data showed a low bias in most 

of the stations some of these are Agena (B = 0.47) & Jinka (B = 0.57). On the other hand, 

Limugenet showed relatively better agreement with the products as the bias value showed lower 

magnitude with CHRIPS (B = 0.55) TAMSAT (B = 1.03) RFE (B = 0.62) PERSSIAN-CCS (B 

= 0.67).  

Relatively, as Table 5 shows good Nash–Sutcliffe Efficiency (E) was achieved at Wolkite 

station with the products RFE (E = 0.36), TAMSAT(E = 0.36) PERSSIAN-CCS (E = 0.27) and 

CHRIPS(E = -0.23). In view of categorical statistics, Areka station scored relatively higher 

POD with products RFE (POD = 1), TAMSAT (POD = 0.99) PERSSIAN-CCS (POD = 0.97) 

and CHRIPS (POD =0.97); while, Gunchre station data showed the smallest but good POD 

with the products RFE (POD = 0.85), TAMSAT (POD = 0.71) PERSSIAN-CCS (POD = 0.66) 

and CHRIPS (POD = 0.61). Fortunately, CHRIPS data score (B = 1) For Serbo station, the 

result showed CHRIPS to be reliable.  

Corrected PERSIANN-CCS 1.00 0.22 0.61 1.00 1.00 0.00 

TAMSAT 1.12 10.21 46.70 -2.96 1.00 0.00 

Corrected TAMSAT 1.00 0.07 0.41 1.00 1.00 0.00 

RFE 0.69 -35.14 62.15 -6.02 1.00 0.00 

Corrected RFE 1.00 0.37 0.99 1.00 1.00 0.00 
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4.  DISCUSSION  

 

For intensity assessment, the daily rainfall data were grouped into seven classes, that is, 

0, >0–3, >3–10, >10–25, >25–50, 50-100 and>100 mm day–1. Figure 7 represents the 

occurrence frequencies of daily rainfall at the point-based station in different rainfall intensity 

ranges and their relative contributions (RCs) to the total rainfall. The occurrence frequency 

(OF) is equal to the number of rainy days within a class divided by the total number of rainy 

days. RC is equal to the sum of rainfall within a class divided by the total rainfall [17] and [8]. 

In most of the stations, the CHRIPS dataset overestimate while RFE dataset underestimate the 

occurrence frequencies of zero rainfall (i.e. non- rainy day’s detection). Only at station Hana, 

all the satellite-based rainfall products underestimated the occurrence frequencies of zero 

rainfall. The lowest difference was for PERSIANN-CCS (10–20%). The rain-gauge data 

showed an occurrence frequency (OF) of 45%-80%, for zero rainfall; results for other stations 

and frequencies were presented in Figure 5. 

All the satellite-based rainfall products and the rain-gauge data showed the same trend in 

the RCs for all rainfall intensity classes. The trend presented an increase from 0 to 25 mm day–

1witha decrease beyond (Figure 5). However, the RC of RFE products was the highest relative 

to all station that reaches up to 25 mm day-1 during the onset, and the lowest during the 

succession. Such trends indicate that RFE detected little high-intensity rainfall, and thus must 

be avoided for flood monitoring, and extreme wet climate events in the basin. This result 

resembles a similar study conducted for the TAMSAT in Mozambique [18].  

 

 
 

Figure 7. Sample occurrence frequencies of daily rainfall and their relative contributions  

for Agena station 

 

 

Notwithstanding the impact of spatial differences, all the satellite-based rainfall products 

presented peak values in rainfall intensity in the frequency class of 10–25 mm day–1. Almost in 

all the satellite products and the stations indicated more than 40% of RC, accordingly, For the 
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most of the stations, the contribution of RFE decreased quickly and indicated between 10–20% 

for the 25-50 mm day–1 class, whereas PERSIANN-CCS showed about 15 - 25%, and CHIRPS 

and TAMSAT indicated approximately the same contribution of 20-25% as rain-gauge data 

(RC = between 25-30%). RFE contribution was null for rainfall intensity over 100 mm day–1, 

while the other satellite-based rainfall products seemed to indicate the same values per pair of 

satellite products which is nearly less than 5%. Moreover, all of the satellite products indicated 

similar contribution as rain-gauge data. This leads to the conclusion that all the satellite 

products, except RFE, were capable of detecting high-intensity rainfall events over 100 mm 

day1, and determining the rainfall amount of those events. The most likely reason for this is the 

poor capacity of the TIR sensor to estimate the actual rainfall amount since the sensor signal 

does not penetrate the rain forming clouds [18].  

 

4. 1. Mean Monthly Comparison 

 

  

   
 

Figure 8. Mean monthly scatter plot for Wolkite station against SRPs 

 

 

Good agreement with the rain-gauge data was observed for all of the satellite products 

this result was previously observed by [3]. As in Figure 8 and this presented the best correlation 

was for Wolkite station with TAMSAT (r = 0.994) and the best bias score was observed for all 

stations with SRP. Whereas, PERSSIAN-CCS at Agena station showed the weakest but still 
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good score (B = 0.47). All SRP with station score POD = 1 whereas TAMSAT for Gunchre 

presented the weakest but still excellent score (POD = 0.92). 

This higher accuracy at the monthly scale than at the daily scale is due to the fact that the 

errors at the sub-monthly scale are nearly symmetrical and thus can cancel each other out after 

the aggregation. As expected Wolkite station showed the best relationship with the SRPs while 

PERSSIAN-CCS with the station still estimates less relative to the other as a daily comparison, 

Serbo station showed a perfect match with the CHRIPS data set, followed closely by RFE. By 

and large TAMSAT data set showed a finer correlation with the stations and score good in 

continuous and categorical statics and nearly followed by RFE. This showed when the time step 

increases the accuracy of SRP to predict the rainfall event relative to the station value will 

increase and this was also observed by [3] and [17]. 

 

Table 6. Sample statistical indicators for mean monthly observed against SRPs  

for Jimma station 

 

SRPs Bias ME RMSE E POD FAR 

CHIRPS 0.85 -0.64 4.22 -2.81 0.89 0.00 

Corrected CHIRPS 1.00 -0.01 4.31 -2.97 0.89 0.00 

PERSIANN-CCS 0.71 -1.26 3.33 -1.37 0.95 0.00 

Corrected PERSIANN-CCS 1.00 0.00 3.88 -2.22 0.95 0.00 

TAMSAT 1.09 0.39 4.03 -2.47 0.89 0.00 

Corrected TAMSAT 1.00 0.00 3.56 -1.71 0.89 0.00 

RFE 0.85 -0.66 3.27 -1.29 0.99 0.00 

Corrected RFE 1.00 -0.01 3.41 -1.49 0.99 0.00 

 

 

By observing the monthly statistical indicators of each SRPs with respect to gauged data 

(mainly the Bias and ME); the products for the station are classified as underestimates (B<1 & 

ME<0) or overestimate (B>1 & ME>0). Consequently, the stations Agena, Areka, Gunchre, 

Gubre, Indibr found to be underestimated by all products.  

Relatively, the TAMSAT data overestimates rainfall at 12 stations out of 17. This is one 

of the reasons for which data from TAMSAT is highly recommended for hydrological modeling 

and flood forecasting. On the other hand, PERSSIAN-CCS underestimated almost at all 

stations. It is therefore suggested not to use such data for drought monitoring as this may arises 

due to geographical and elevation difference. 

However, after the adjustment (bias correction) literally to say a perfect correlation 

agreement was observed for all the products as shown in Table 5 and 6 of the statistical 

indicators. Most observed data have nearly a bias value of 1 and ME values closer to 0. On the 

other hand, for categorical statistics, POD and FAR value of 1 and 0 were obtained respectively. 

In Below Figure 9 and Figure 10. The SRPs, the observed and the corrected SRPs are 
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combined in a single graph and it clearly shows the bias-adjusted SRPs are very close to the 

observed values. 

 

 
 

Figure 9. Mean daily rainfall of Wolkite observed against RFE in mm. 

 

 

 
 

Figure 10. Mean monthly RFE raw and corrected dataset with Wolkite station observed data 

 

 

5.  CONCLUSIONS 

 

The accuracy of satellite rainfall products over Omo-Gibe Basin using a statistical 

approach showed that all the daily satellite product data and the gauged observed data are 

weakly related and it was clearly seen that the time step has great impact to get a better 
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correlation between the satellite rainfall data set and the gauged rainfall data. Thus, this study 

tried to explore the effect of bias correction of satellite rainfall estimates in order to improve 

their applicability for hydrological modeling. Bias corrected satellite rainfall estimates-based 

comparison had significantly brought better correlation with the gauge observed data. This put 

in the picture that besides the gauge-observed rainfall data, the bias-adjusted TAMSAT dataset 

can be used as alternative datasets for hydrological modeling for the study area. It was also 

important in finding the appropriate rainfall bias correction scheme for the basin which will 

serve as feedback to respective products’ developers and end-users in understanding the errors 

and uncertainties involved and how they propagate in hydrological response applications. 
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