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ABSTRACT 
Bias correction techniques have shown great promise in climate modelling and impact 

assessment studies in recent years. The climate model data should be corrected /downscaled 

for inaccuracies and prediction uncertainties using efficient bias correction techniques. 

Therefore,   this study was focused on evaluating bias correction methods for downscaling 

CMIP6 global climate models precipitation simulations in selected stations of Ethiopia. The 

five precipitation bias correction methods that were applied in this study include linear scaling 

(multiplicative), delta change correction (multiplicative), precipitation local intensity scaling, 

power transformation of precipitation and distribution mapping of precipitation. Daily 

precipitation data for the selected stations were obtained from the National Meteorological 

Service Agency (NMSA) of Ethiopia, whereas the CMIP6 GCM data was a historical CNRM 

CM6 1 (Centre National de Recherches Météorologiques) model obtained from 1995 to 2014. 

The model data was extracted and bias   corrected with observation at CMhyd tools. The bias 

correction methods were evaluated with their CRI (comprehensive rating index) values and 

several statistical measures. This study revealed that, delta change correction (multiplicative) 

was performed better than the other bias correction methods for all selected stations at all-

time scales. It has perfect correlation of 1, a bias of zero percent, and low errors in simulation. 

Power transformation and distribution mapping were the best preferable methods next to delta 

change correction in daily and monthly simulations. All bias correction techniques were 

adequately downscaled the GCM in mean monthly precipitations simulations for almost all 

selected stations. The power transformation and linear scaling techniques were effective to 

adjust the annual GCM simulation. Whereas precipitation local intensity scaling and linear 

scaling multiplicative bias correction methods were less preferable than the above methods at 

daily and monthly period. The distribution mapping of precipitation method led to 

underestimating and overestimating the given observed precipitation in all periods,   

Keywords: Bias correction methods, CMhyd tools, Comprehensive Rating Index, Precipitatio

n, CMIP6 GCM downscaling 
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CHAPTER ONE: INTRODUCTION 

1.1 Background of the Study 

Quantifying the impact of climate change on the spatial and temporal hydrological processes 

is important for integrated water resource management (Teklay & Dile, 2020). Downscaling 

and bias correction methods are required and evaluated adequately for the input climate 

variable in hydrological and various climate change impact studies (Vogel et al., 2023).  

Before using global climate models to replicate precipitation extremes in Eastern Africa 

region for downscaling or flood and drought impact assessment studies, it is necessary to 

understand how precipitation extreme events may alter in the future (Akinsanola et al., 2021). 

One of the primary input datasets for hydrological models, precipitation (Santos, 2022; Worql

ul et al., 2018). 

Climate models are our major source of knowledge about the climate system. The impacts of 

climate change are often quantified by impact models that require high resolution unbiased 

input data. The global and regional climate models, reflect biased; their resolution is often 

lower than desired (Maraun, 2016a; Alioune, 2021). General Circulation Models (GCMs) are 

advanced tools for impact assessment and climate change studies ((Abbasian et al.,2019). 

Downscaling and bias correction methods increased spatial resolution and removed 

systematic biases in climate model outputs (Vogel et al., 2023). Downscaling procedures are 

required to derive high resolution climate parameters for hydrological modelling. Most BC 

methods are by their nature a form of statistical downscaling which was originally designed to 

downscale GCM run (Teutschbein, 2013). The CMhyd tools are designed to provide 

simulated climate data that can be considered representative of the location of the gauges. 

Therefore, climate model data should be extracted and bias corrected for each of the gauge 

locations (Rathjens, 2016). It has eight different precipitation and temperature 

Precipitation correction methods have a more significant influence than temperature 

correction methods. Comparing the mean of the daily precipitation for dry and wet seasons, 

the bias correction performed well for both seasons across the arid climatic zones 

(Yeboah et al.,2022a).Climate change studies done in different regions of the globe validate 

that the LS (linear scaling) approach performs well for correct coarse temporal scale analysis 

(Gunathilake et al., 2020). PT can be used to specifically adjust the mean and variance 

statistics of a precipitation time series (Luo et al., 2018). 
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CHAPTER TWO: LETERATURE REVIEW 

2.1 Global circulation models and bias correction methods 

Global climate models (GCMs) are developed to simulate past climate and produce 

projections of climate in future (Raju & Kumar, 2020).  Identifying GCMs that represent the 

climate of a specific area is crucial for climate change studies. However, the uncertainties in 

GCMs caused by computational constraints, such as coarser resolution, physical 

parameterizations, initializations, and model structures, make it imperative to identify a 

representative individual or group of GCM for a climate impact study (Gebresellase et al.,202

2; Gebrechorkos et al., 2023). The models also has random errors (limits of predictability, 

numerical error, chaotic behaviour and systematic errors that related to usually assumed to 

have zero mean and does not necessarily have zero mean and structural deficiencies in the 

model, imperfect representation, unresolved dynamics, or imperfect parameterizations 

(Cannon et al.,2020). Bias correction methods are applied for substantial biases reductions 

and comparable performances among most GCM-RCM; Observed Model data pairs 

(Mendez et al.,2020).  All bias correction methods have improved the predicted precipitation 

values to an acceptable level, which increases the efficiency of the precipitation prediction 

models in the flood warning system  (Motlagh et al., 2022). 

A fundamental assumption of bias correction is that the considered climate model produces 

skill full input for a bias correction, including a plausible representation of climate 

change  (Maraun, 2016a) and to make the GCM output close to the corresponding observed 

data as much as possible to decrease the errors of GCM outputs (Tan et al.,2020). The CMhyd 

software selects the closest observed station to the climate model grid cells to compare 

observed and simulated historical time series, the grid size considered in the bias correction 

process is the same for observed (Brighenti et al., 2023), for the suitable selection of an 

ensemble of GCMs to reduce uncertainties in climate projections (Lei, 2022). To use the 

climate simulation outputs, one critical issue to consider is the systematic bias affecting the 

modelled data. The bias correction of modelled data is often used to assess the effect of 

climate events on human activities  (Trentini et al., 2023). 

The bias correction method to be very effective in reducing the model bias: it removed over 

80% and 83% of model bias for surface air temperature and precipitation, respectively, during 

the validation period (JGR Atmospheres - 2016 ). 
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development of a statistical relationship between observed and model data during a historical 

period and then application of this relationship to downscale and bias correct the future 

climate parameters (Wootten et al.,2020). Dynamical downscaling techniques transfer 

information from GCMs to finer scales by applying higher resolution Regional Climate 

Models (RCMs) over a limited area with initial boundary conditions taken from a driving 

GCM (Teutschbein, 2012). It nests a RCM into the GCM to represent the atmospheric physics 

with a higher grid box resolution within a limited area of interest  (Maraun et al., 2010). 

Simulated historical precipitation is evaluated for Coupled Model Inter comparison Project 

Phase 6 (CMIP6) models (Srivastava, 2020). It also improves the representation of extreme 

events and investigating their future change is fundamental because device policies of 

adaptation and mitigation to climate change generally consider the (Medeiros et al., 2022, p. 

6). The performance of hydrological modelling is highly influenced by the choice of 

precipitation correction methods ( Luo et al., 2018). 

A comprehensive assessment is performed at different temporal scales including monthly, 

seasonal and annual. Results indicate that the reliability of precipitation estimates varies 

significantly across space and time (Yazdandoost 2020). Precipitation's temporal and spatial 

patterns under climate change significantly impact global terrestrial ecology and human social 

activities. Climate models are essential tools for assessing the impacts of climate change and 

formulating policies to address climate change. The simulation capability of global climate 

models (GCMs) in CMIP6 is highly variable overland around the world. This variability is 

manifested in two aspects: the spatial variability of the comprehensive simulation ability of 

each model in different geographical regions and climatic zones of the world (Z. Li et al., 

2022) 
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to unreasonable values, such as outliers and missing data. The precipitation is by nature 

challenging to GCM simulation than temperature due to its potential for spatial irregularity, 

particularly during intense events (happen over shorter timeframes), and humidity. 

Table 3. 1; Meteorological stations the study used 

Stations Latitude Longitude Elevation(m) Mean annual 

R.F (mm) 

Debre Birhane      9.67N           39.51E               3206            955.8 

Addis Ababa       9.02N              38.75E             2386             1223.6 

Debre Markos       10.33N           37.74E              2446             1357.1 

Bahir Dar      11.6N              37.42E              1770           1556.5 

Jimma                 7.67N                36.82E            1710           1599.8 

Arba Minch         6.06 N               37.56E            1220           960.6 

Dire Dawa      9.61N              41.9E               1045          642.2 

Dubtiy                  11.73N             41.09E            381          217.1 

3.2.2 CMIP6 GCM Data 

In this study historical France Centre National de Recherches Météorologiques (CNRM-

CM6-1) model data extends from 1995-2014 was used and it is one of r1i1p1f2 ensemble 

member. The GCMs outputs were collected from data portals (https://esgf- node.llnl.gov/searc

h/cmip6/).  

3.3 Data quality control 

The missing values of selected station for this study were less than 14% (Appendix Table 1. 

2). To insure that there were no gaps in the station data, preliminary quality controls were 

applied.  Mekasha et al. (2013) used stations data with more than 25% missing values to study 

trends and variability of climate in three eco environments in Ethiopia. The MICE package for 

filling missing climate data in this study was attributed to fill the missing values using other 

stations data. 

 A multivariate imputation algorithm by chained equations (MICE) package found in the R so

ftware was used to impute missing values from observed climatic data (Austin & van Buuren, 

2022). The quality of the chosen climate stations were examined using R ClimDex 1.1 ( Zhan

g & Yang, 2004) Error such as negative rainfall was replaced by the values of the closest stati

on. Outliers were detected for daily rainfall, and treated according to the World Meteorologica

https://esgf node.llnl.gov/search/cmip6/
https://esgf node.llnl.gov/search/cmip6/
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l Organization (WMO 2009). Due to its ease of use as a graphical interface and its ability to c

ontrol the quality of climate data, R ClimDex is also widely used in many other studies undert

aken in Ethiopia to control the quality of the climate data (Ali Mohammed et al., 2022; Gasha

w, 2023; Worku et al., 2018). The MICE algorithm was chosen over other methods, such as in

verse distance weighting and multiple linear regressions, due to its ability to complete missing

 values at a single station using the complete observed values of all examined stations as predi

ctors (Austin & van Buuren, 2022).  

3.4 Data Preparation, Extraction and Bias correction 

3.4.1 Data preparation 

The observed precipitation and climate model data in CMhyd software prepared as in ASCII 

(American Standard Code for Information Interchange) format (Yeboah et al.,2022a; Rathjens

, 2016).  The observed precipitation data were saved as ASCII forms with appropriate location 

file in the observed folder. The climate model data prepared and saved as Net CDF (Network 

Common Data Form) coded as NC file in another folder. The location file that enter into the 

software next to choose the variables (PCP) contains list of ID (number of stations), NAME 

(name of each stations), LAT (Latitude of each stations), LONG (Longitude of each stations), 

and ELEVATION (Elevation of each stations).The input observed files must have extension 

txt format and enter into the software in the txt form. The file contain year, month, and date, 

respectively that followed by daily observed data for each station. Climate model data added 

next to observed data by go to climate model option at the right. It was in Net CDF format 

and added as select folder tabs (folder for GCM input data). Then below the observed location 

file the appropriate bias correction methods have been added by select bias correction 

methods tabs. 

3.4.2. Data extraction and Bias correction 

After added the precipitation and model data in the above format then choose output folder for 

extracted and bias corrected data on the select output directory session. The CMhyd uses 

netcdf file information to find climate model grid cell which overlay the gauge location and to 

convert precipitation data into millimetre, then the program extract time series of relevant grid 

cell by using net CDF file. The overall input observed and climate model data were checked 

and rearranged on the processing tabs of check files function. The program pre-processes the 

data before performing bias correction. This is to ensure the identification of the location of 
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3.5.4 Research framework  

 

Figure 3. 2; the general frame work of study 
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CHAPTER FOUR: RESULTS AND DISCUSSION 

4.1 Evaluating Bias correction methods for downscaling the CNRM-CM6-1 GCM 

precipitation simulation at a daily time scale  

The bias correction methods applied in this study were evaluated in continuous statistical 

metrics, which ranked them depends on their CRI values. The study mainly focused on the 

CRI values of each bias correction methods for daily and monthly precipitation simulations. 

Taylor diagram provide graphically summarizing how closely a pattern/ similarity between 

BC methods and observations, in terms of their correlation, their centered root mean square 

difference and the amplitude of their variations (standard deviations). 

As shown in Table 4.2, for bias correction /down scaling of the daily CNRM- CM6 -1 GCM 

precipitation simulation at Addis Abeba station, delta change correction (multiplicative) was a 

more suitable bias correction method than others. DM and PT bias correction techniques also 

well performed next to this method. The goodness of delta change correction was evaluated 

by RMSE, PBIAS, and R with values of 10.42, 10.3, and 0.16, respectively. Even though 

delta change bias correction was preferable over Addis Abeba, it overestimated daily 

observed precipitation by negative -10.3%, with other methods using the same biased value, 

but distribution mapping was overestimated by the PBIAS value of   -3.8%.  

When we show the evaluations of all bias correction methods that were applied to correct 

CNRM-CM6- 1 GCM precipitation simulation errors at a daily time period on Debre Markos 

station, the study result that, delta change correction was suitable based on its RMSE, PBIAS, 

and R values of 0, 0, and 1, respectively. Its CRI value was 0.00, which makes the delta 

change corrections preferable than the other bias correction methods at this station. The 

distribution mapping of precipitation method underestimated daily observed precipitation at a 

PBIAS value of 10.80%. The simulation of rainfall by climate models was also characterized 

by overestimation over the Ethiopian highlands (Haile et al., 2017; Worku et al., 2020), then 

according to the results of this study from applied BC methods  delta change correction, 

distribution mapping and power transformation of precipitation were well performed at daily 

precipitation simulation. 
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The bias-corrected result of the GCM model against the daily observed precipitation 

simulation at Arba Minch station, delta change correction was the most suitable in daily time, 

it followed by LS and LI techniques. Its suitability was evaluated by RMSE, PBIAS, and R, 

has values of 0, 0.00, and 1, respectively. The CRI value for delta change correction at Arba 

Minch for daily evaluation was zero, which was better than others.  The distribution mapping 

of precipitation methods underestimated the daily observed precipitation by the PBIAS value 

of 0.90%. The bias correction methods applied in this station were ranked based on their CRI 

value listed as: delta change correction > linear scaling > precipitation local intensity scaling 

> power transformation of precipitation > distribution mapping of precipitation. 

At Dire Dawa station, the evaluation of bias correction methods for the daily perid resulted 

that, delta change correction showed that 0, 0.00, and 1, respectively. The CRI value was 0 for 

delta change correction. It was suitable to down scale and correct the given daily precipitation 

simulation and it followed by LS and PT methods. According to their PBIAS value, all bias 

correction methods were perfect to correlate the CNRM-CM6-1 model simulation except 

distribution mapping, which overestimated the given observed precipitation by its PBIAS 

value of -0.40%. Therefore, the ordered evaluations of all bias correction methods applied to 

this zone were: delta change correction (multiplicative) > precipitation local intensity scaling > 

power transformation of precipitation > linear scaling (multiplicative) > distribution mapping 

of precipitation. 

Delta change correction was also the most suitable for bias correction the daily model 

precipitation simulation at Bahir Dar station. Its RMSE, PBIAS, and R values were 0, 0.0, and 

1, respectively. It was the best performed, with observed values also indicated by the value of 

the CRI of 0.00. The bias correction methods applied in this station have a PBIAS value of 

0.00, which means the methods were preferable to correct daily model simulation of observed 

precipitation. Even though those methods were perfect, in PBIAS value distribution mapping 

of precipitation underestimated daily observed precipitation by a PBIAS value of 27.40%.  

Power transformation and linear scaling methods also performed well to Daily precipitation 

simulation in this station. 

The evaluation of bias correction methods that were applied to correct daily model simulation 

at Jimma station resulted in delta change correction being more suitable than the others. 

According to the continuous statistical metrics (RMSE, PBIAS, and R), it has values of 0, 

0.00, and 1, respectively, and it also has a CRI value of 0.00. The distribution mapping of 
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precipitation method underestimated the observed precipitation by 4.20% of the PBIAS value. 

The ordered values of bias correction methods that were used to correct the daily model 

precipitation simulation over above two stations (B/Dar and Jimma) were listed from the best 

to the worst as: delta change correction (Multiplicative) > power transformation of 

precipitation > linear scaling(multiplicative) > precipitation local intensity scaling > 

distribution  mapping of precipitation. 

Dubtiy Station, showed that delta change correction was preferable than other bias correction 

methods to correct the given model for daily observed precipitation simulation. It was 

evaluated by the statistical metrics of RMSE, PBIAS, and R with their values of 0, 0.00, and 

1, respectively. It has the best relations and correlation with observed. The CRI value of delta 

change corrections was 0.00. PT and LI methods also best next to the above technique.  The 

distribution mapping of precipitation underestimated the daily observed precipitation by 

17.90% of the bias. The ordered bias correction methods, from the best to the worst, were: 

delta change correction (multiplicative) > power transformation of precipitation > 

precipitation local intensity scaling > distribution mapping of precipitation > linear scaling 

(multiplicative). 

According to the calculated value of all precipitation bias correction methods applied at Debre 

Birhan station, delta change correction (multiplicative) was preferable to other bias correction 

methods. It had statistical metrics values of 0, 0.0, and 1 for RMSE, PBIAS, and R, 

respectively. The CRI value of delta change was 0.00; this shows its suitability to correct the 

GCM bias at daily simulation over this station. The distribution mapping of precipitation bias 

correction method underestimated observed precipitation by 15.90% of the PBIAS value. The 

other methods were perfect and had the lowest bias values. Therefore, the overall bias 

correction methods that were used to correct daily GCM simulations in this area were ordered 

as; delta change correction (multiplicative) > PT > LS (multiplicative) > LI >DM. 
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Table 4. 1: Evaluate bias correction methods for a daily CNRM-CM6-1 Precipitation 

simulation 

 

                                                    
                                                                                    Continuous Statistical Metrics 

Stations Bias Correction Methods RMSE 
mm/day 

PBIAS 
(%) R CRI 

 
RANK 

Addis 
Abeba 
 

Delta change correction (multipli-
cative) 10.42 -10.3 0.16 -0.33 1 

Distribution mapping of precipitation 10.85 -3.8 0.08 -0.67 2 

Power transformation of precipita-
tion 10.87 -10.3 0.08 -1.33 3 

Linear scaling (multiplicative) 12.59 -10.3 0.07 -2.33 4 

Precipitation local intensity scaling 12.62 -10.3 0.07 -2.67 5 

D/Mar-
kos 

Delta change correction (multiplicati
ve)            0 0 1 0.00  1 

Power transformation of precipitatio
n  9 0 0.21  -1.00 2 

Linear scaling (multiplicative)  9.64  0.00 0.19 -2.00 3 

Precipitation local intensity scaling  9.66 0.00 0.19 -2.33 4 

Distribution mapping of precipitation  8.69 10.80 0.20 -2.33  4 

Bahir 
Dar 

Delta change correction (multipli-
cative) 0 0.00 1 0.00 1 

Power transformation of precipita-
tion   12.36 0.00 0.24 -1.00 2 

Linear scaling (multiplicative)  
      16.58 0 0.17 -1.67 3 

Precipitation local intensity scaling 16.83 0.00 0.17 -2.00  4 

Distribution mapping of precipitation 
     12.02 27.40 0.17 -2.33 5 

Jimma 

Delta change correction (multiplicati
ve)           0 0.00 1 0.00 1 

power transformation of precipitation      10.99  0 0.08 -0.67 2 

linear scaling(multiplicative)  12.64 0.00 0.06 -2.00 3 

precipitation local intensity scaling  12.68  0.00 0.06 -2.33 4 

distribution mapping of precipitation  11.66 4.20 0.07 -2.67 
5 
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Dire 
Dawa  

Delta change correction (multipli-
cative)            0 0.00 1 0 

1 

Precipitation local intensity scaling       8.26         0 0.04 -0.67 
2 

Power transformation of precipita-
tion  8.50  0.00 0.04 -1 

3 

Linear scaling (multiplicative) 9.9 0.00 0 -2.67 
4 

Distribution mapping of precipitation  
 8.93 -0.40 0.03 -3.33 

5 

Arba 
Minch 

Delta change correction (multipli-
cative)             0                       0.00 

              
1 

0.00 
1 

Linear scaling (multiplicative) 9.01 0 0.06 -0.67 
2 

Precipitation local intensity scaling 9.15 0.00 0.06 -1.00 
3 

Power transformation of precipitatio
n 9.55 0.00 0.05 -2.00 

4 
Distribution mapping of precipitation  9.64 0.90 0.05 -3.67 

5 

Dubtiy 

Delta change correction (multipli-
cative) 

                             
0 0.00 1 0.00 

          1 

Power transformation of Precipita-
tion 

                            
5.37  0 0.01 -1.00 

            
2 

Precipitation local intensity scaling        8.17 0.00 0.01 -1.33 
3 

Distribution mapping of precipitation 5.11 17.90 0.01 -2.00 
4 

Linear scaling (multiplicative) 9.9 0.00 0.00 -2.67  
5 

D/Birha
n  

Delta change correction (multiplicati
ve)            0 0.00 1 0.00 1 

Power transformation of precipitatio
n        7.43 0.00 0.31  -0.67 2 

  Linear scaling (multiplicative) 9.84 0.00 0.23 -2.00 3 

Precipitation local intensity scaling  9.87 0 0.23  -2.33  4 

Distribution mapping of precipitation 
  7.51 15.90 0.26 -2.67   5 
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As shows the bias corrected result of monthly CNRM -CM6-1 climate model precipitation 

simulation over Dire Dawa station, evaluated that delta change correction method was perfect 

and preferable than the others. It has the RMSE, PBIAS, and R value of 0, 0 and 1, 

respectively, and its CRI value was 0.00 which makes it better than the other methods. 

Distribution mapping of precipitation was overestimated monthly observed data by - 8.70% of 

bias. All BC methods were perfect according to their PBIAS value over this station except 

distribution mapping. The bias correction methods applied in both stations (Arba Minch and 

Dire Dawa) ranked from the best to the worst based on their CRI values as: delta change 

correction (multiplicative) > LS (multiplicative) > LI > PT > DM. 

The preferred bias correction method applied to correct the monthly GCM and observed 

precipitation simulation for Bahir Dar station was delta change correction (multiplicative). 

The result was evaluated by RMSE, PBIAS, R, and CRI. Delta change correction has the 

values of 0, 0.00, 1, and 0.00, respectively. According to their PBIAS value, all bias 

correction methods were preferable and perfect methods to correct monthly GCM 

precipitation simulation except distribution mapping, which underestimated the observed data 

at 27.40% of bias.  

The monthly evaluation of bias correction methods for Jimma station resulted that delta 

change correction and power transformation of precipitation were the most preferable 

methods among the others. According to the evaluation metrics (RMSE, PBIAS, and R) for 

both bias correction methods include, the value of 0, 0.00, and 1 correspond to delta change 

and 104.83, 0.00, and 0.51 to the power transformation of precipitation. They have also the 

CRI value of 0.00 and 0.67 respectively. The delta change correction was strictly correlated 

with the monthly observed precipitation by its R value of 1. The other bias correction methods 

were perfect in this station based on their PBIAS value and good correlation result, whereas 

distribution mapping was underestimated the monthly observed precipitation by 4.2% of bias. 

According to the above evaluate metrics, the whole ordered values of bias correction methods 

that were applied to downscale the monthly CNRM- CM6 -1 precipitation simulation over 

B/Dar and Jimma stations ranked as; delta change correction (multiplicative) > power 

transformation of precipitation > linear scaling (multiplicative) > precipitation local intensity 

scaling > distribution mapping of precipitation. 
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The evaluation of bias correction methods that were applied to correct the monthly GCM- 

precipitation simulation on Dubtiy Station resulted in the finding that delta change correction 

was the best method and that it fit with the observed precipitation data. Its goodness was 

evaluated by the statistical metrics of RMSE, PBIAS, and R with values of 0, 0.00, and 1, 

respectively. The CRI value of the delta change correction was also 0.00. Distribution 

mapping of precipitation was overestimated monthly observed data by -81% of the PBIAS 

value. Whereas te other bias correction methods were perfect for this station based on their 

PBIAS values, all BC methods that were used in this station ranked based on CRI values as: 

delta change correction (multiplicative) > power transformation of precipitation > 

precipitation local intensity scaling > distribution mapping of precipitation > linear scaling 

(multiplicative). 

At Debre Birhan station, the bias correction result of the monthly period evaluated that delta 

change correction (multiplicative) was the best perfect bias correction methods based on its 

RMSE, PBIAS, R, and CRI value of 0, 0.00, 1, and 0.00, respectively. The other methods 

were perfect in their PBIAS result except distribution mapping, which underestimated the 

monthly observed precipitation at15.9% of the bias. Bias correction methods applied in this 

station were ranked from the best to worst based on their CRI value as follows; delta change 

correction (multiplicative) > power transformation of precipitation > linear scaling 

(multiplicative) > precipitation local intensity scaling > distribution mapping of precipitation. 
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Table 4. 2; Evaluation of bias correction methods for monthly Precipitation simulation 

 Continuous Statistical Metrics  

Stations Bias Correction Methods 
RMSE  
(mm/mo
nth) 

PBIAS  
(%) 

R 

 

CRI RANK 

 

Addis 
Abeba 

 

Delta change correction (m
ultiplicative) 85.14 -10.30 0.63 -0.33 1 

Distribution mapping  of pr
ecipitation 131.69 -3.80               

0.36 
-0.67 2 

Power transformation of pr
ecipitation 134.51 -10.30              

0.36 
-1.33 3 

Linear scaling (multiplicati
ve) 154.88 -10.30 0.31 -2.33 4 

Precipitation local intensity 
scaling  155.16 -10.30              

0.31 
-2.67  5 

D/Markos  

Delta change correction (m
ultiplicative)  0 0.00 1 0.00 1 

Distribution mapping of pre
cipitation 86.87  10.8 0.72 

-1.00 2 

Power transformation of pr
ecipitation  88.07  0.00 0.73  

-1.00 2 

Linear scaling(multiplicativ
e)  99.16  0 0.68 -2.00 4 

Precipitation local intensity 
scaling 99.48 0.00 0.68 

-3.67 5 

Bahir Dar 

Delta change correction (m
ultiplicative) 0 0.00 1 

-0.33 1 

Power transformation of pr
ecipitation 132.55  0.00 0.73 

-0.67 2 

Linear scaling (multiplicati
ve) 190.57 0.00 0.59 -2.00  3 

Precipitation local intensity 
scaling 193.73 0 0.58    -2.67 4 
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Distribution mapping of pre
cipitation  152.49 27.40 0.56  -2.00 5 

 

Jimma 

Delta change correction (m
ultiplicative)  0 0.00 1 0.00 1 

Power transformation of pr
ecipitation  104.83  0.00 0.51  -0.67 2 

Linear scaling (multiplicati
ve)  120.74  0 0.45  -2.00 3 

Precipitation local intensity 
scaling  121.39  0.00 0.45  -2.33 4 

Distribution mapping of pre
cipitation  110.62  4.2 0.47  -2.67 5 

Dubtiy 

Delta change correction (m
ultiplicative) 29.87  0.00                    

0.37 
-0.33  1 

Power transformation of pr
ecipitation 39.74  0.00 0.31  -1.00 2 

Precipitation local intensity 
scaling 64.50 0.00 0.17 -2.00 3 

Distribution mapping of pre
cipitation 29.66  -81.00 0.22 -2.00 3 

Linear scaling (multiplicati
ve)  75.1 0.00 0.14  -2.67  5 

D/Birhan 

Delta change correction (m
ultiplicative) 0 0.00 1 0.00 

1 

Power transformation of pr
ecipitation  80.20 0.00 0.78  

-0.67 

2 

Linear scaling(multiplicativ
e)  127.25  0 0.6 -2.00 

3 

Precipitation local intensity 
scaling 127.71 0.00 0.60 

-2.33 

4 

Distribution mapping of pre
cipitation  89.92  15.9 0.67  

-2.67  5 

Arba Minch Delta change correction (m
ultiplicative) 

             
0 0 1 0.00 1 
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Generally, in this study, delta change correction and power transformation of precipitation 

bias correction methods were the best performed to adjust the CNRM-CM6-1model 

precipitation simulation at daily and monthly intervals for all selected stations. 

Nigussie et al., (2023), evaluate multiple bias correction methods with satellite rainfall 

products in Abbay basin recommend that delta change correction was chosen as a method for 

most model rain fall simulations. Next to these methods, the linear scaling method was 

suitable at Arba Minch, Dire Dawa, Dahir Dar, Jimma, and D/Birhan stations for daily and 

monthly simulation; it was also preferable only at daily simulation for D/markos. Local 

intensity scaling was best in Dubity, Arba Minch and Dire Dawa at daily and monthly 

simulations. According to Taye et al., (2019) suggested that linear scaling and local intensity 

scaling methods showed less performance in correction of the model simulation at daily and 

monthly time scale for hydrological study at lake Tana basin, but this study revealed that both 

above methods were well performed for daily and monthly precipitation simulations at 

selected stations. According to Teklay& Dile, (2020) LS technique was the best in correcting 

Linear scaling (multiplicati
ve)  77.18 0.00 0.48 -0.67 2 

Precipitation local intensity 
scaling 79.45 0.00 0.47 -1.33 

3 

Power transformation of pr
ecipitation 85.06 0.00 0.43 -2.00 

4 

Distribution mapping of pre
cipitation  86.25 0.90 0.43 -3.67 

5 

Dire Dawa 

Delta change correction (m
ultiplicative) 0 0 1 0.00 

1 

Linear scaling (multiplicati
ve)  67.36  0.00 0.43  -0.67 

2 

Precipitation local intensity 
scaling 69.45 0.00 0.42 -1.33 

3 

Power transformation of pr
ecipitation 70.15 0.00 0.41 -2.00 

4 

Distribution mapping of pre
cipitation  

 
104.24 -8.70 0.23 

-0.04 

5 
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BC methods were 0.15, 0.1, and 0.1, respectively, and the standard deviations were 8.3 

mm/day, which was greater than the observed standard deviation value of 7.9 mm/day. The 

CRMSE of these BC methods also included 10.1, 10.3, and 10.3 mm/day, respectively. 

Whereas linear scaling (multiplicative) and precipitation local intensity bias correction 

methods were the last and worst methods for this station. At Debere Markos station, delta 

change correction (multiplicative), power transformation of precipitation, and distribution 

mapping were the most preferable and closest to the observed precipitation. Whereas 

precipitation local intensity and linear scaling (multiplicative) bias correction methods were 

the few available methods to correct daily precipitation simulation. Delta change and power 

transformation methods had the same standard deviation value as observed which was 7.9 

mm/day, and the correlation value of delta change was 1, which makes it the best BC 

technique. The CRMSE value has been 0 mm/day. The power transformation of precipitation, 

distribution mapping, linear scaling, and local intensity have a correlation of 0.2. The standard 

deviation values were 7.9, 6.9, 8, and 8 mm/day, respectively. 

 

Figure 4. 1; Taylor diagram represent bias correction methods for daily CNRM-CM6-1 precip

itation simulation over Addis Ababa and D/Markos stations 
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The Bahir Dar meteorological station, (Figure 4.2) showed that delta change correction and 

power transformation of precipitation bias correction methods were the most preferable and 

close to the daily observed precipitation. The standard deviation values of these BC methods 

were 10 mm/day, which was similar to what was observed. The correlation value for delta 

change was 1, and for power transformation was 0.25. The CRMSE values were 0 and 13.5 

mm/day, respectively.  

The distribution mapping was rarely better, whereas linear scaling and precipitation local 

intensity were far from the observed precipitation for Jimma station; delta change correction 

has a pattern correlation with observations that was 1. The CRMS error was about 0.00 

mm/day. For power transformation and delta change, the standard deviations were 8 mm/day, 

which were similar to the observed standard deviation. But power transformation had less 

correlation with observed. The standard deviation values for linear scaling, local intensity, and 

distribution mapping were 10, 10, and 9 mm/day, respectively, which were greater than the 

observed value. Linear scaling (multiplicative) and precipitation local intensity scaling bias 

correction methods were the last and far from observed. The distribution mapping was rarely 

better than both methods, whereas delta change correction and power transformation of 

precipitation bias correction methods were the most preferable and closed to daily observed 

precipitation. 
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Figure 4.2; Taylor diagram represent bias correction methods for CNRM-CM6-1 against daily 

observed precipitation at B/Dar and Jimma. 

As shown in Figure 4.3, the daily bias correction results of Dire Dawa were that, delta change 

correction and power transformation of precipitation bias correction methods were the most 

preferable and close to the observed data. Their standard deviation value was 6 mm/day, 

which was similar to the observed. The delta change correction has a correlation of 1 mm/day. 

The distribution mapping and local intensity have standard deviations of 6.5 and 5.99 

mm/day, respectively. They had a better correlation with observations than linear scaling. 

Linear scaling was the worst and far from the observed than other bias correction methods. 

The distribution mapping was greater than observed in its standard deviation. The bias 

correction methods that were applied in Arba Minch to correct the daily model simulation 

showed that delta change correction (multiplicative), power transformation of precipitation, 

and distribution mapping methods were suitable and preferable methods. These BC methods 

have standard a deviation value of 7 mm/day, which was similar with the observed value. The 

correlation and CRMSE of delta change was 1 and 0 mm/day.  Linear scaling and local 
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intensity scaling bias correction methods have 6 mm/day of standard deviation values which 

was smaller than observed, the CRMSE values was also 9 mm/day. 

 

Figure 4.3; Represent bias correction methods to correct CNRM-CM6-1 against daily observe

d precipitation over Arba Minch and Dire Dawa stations 

As shown in Figure 4.4, delta change correction and power transformation of precipitation 

were preferable bias correction methods for correcting the daily GCM precipitation simulation 

at Debre Birhan station. Their standard deviation values were 6.5 mm/day, which was similar 

to what was observed standard deviation. The delta change has a correlation and CRMSE of 1 

and 0.00 mm/day, whereas the power transformation has 0.3 and 8.3 mm/day. The 

distribution mapping was rarely suitable and better than local intensity scaling and linear 

scaling; it had a standard deviation of 6 mm/day and a correlation value of 0.29, the CRMSE 

value was also 9 mm/day. The local intensity scaling and linear scaling were the worst and not 

close to observed. For the Dubity station, the only suitable bias correction method was delta 

change correction, which has a correlation value of 1, a standard deviation of 3.5 mm/day that 

was similar with observed, and a CRMSE also 0.00 mm/day. The power transformation of 
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precipitation methods was simulated a distance. The other methods were the worst and 

unavailable for this station in daily simulation. 

 

Figure 4.4; Taylor diagram represent bias correction methods for CNRM-CM6-1 daily precipi

tation simulation over D/Birhan and Dubity. 

4.3.2 Taylor diagram presentation of each bias correction methods for monthly time scale      

over all selected stations 

As shown in Figure 4.5 (A), the bias correction methods that applied to correct monthly 

model simulation data at Addis Ababa station resulted that most methods were simulated 

observed at far. Delta change correction (multiplicative) was suitable and near to observed 

than others. It has a correlation value 0.6; the standard deviation was 80 mm/month which 

was smaller than observed, and the CRMSE also 90 mm/month. Local intensity and linear 

scaling methods were not suitable and far from observed. The power transformation of 

precipitation and distribution mapping were better than the two methods. They have standard 

deviation values of 135 mm/month that was greater than observed, the correlations 0.39 and 

CRMSE values were 145 mm/month. For the Debre Markos station, all bias correction 

methods were suitable to correct the monthly precipitation simulation. Delta change 

correction (multiplicative), distribution mapping, and power transformation bias correction 

methods were the best suitable bias correction methods to correct monthly observed 

precipitation. Delta change correction had a correlation of 1, the standard deviation was 120 

mm/month, which was similar, to what was observed, and the CRMSE was also 0.00 

mm/month. The distribution mapping and power transformation methods have correlation 

values of 0.7 and 0.71; the standard deviations were 120 and 125 mm/month; and the CRMSE 
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were also 80 and 90 mm/month, respectively. Linear scaling and local intensity scaling bias 

correction methods were little close to the monthly observed precipitation. Their correlation 

values were 0.7, the standard deviations were 130 mm/month, and the CRMSE values were 

100 mm/month for both methods. 

 

A                                                                                                                      B 

Figure 4.5; Bias correction methods for monthly CNRM-CM6-1 precipitation simulation at 

Debre Markos and Addis Ababa 

The result of bias correction methods used in the correct CNRM-CM6-1 against monthly 

observed precipitation simulation shown in figure 4.6 (A), delta change correction and power 

transformation of precipitation, were suitable bias corrections. The delta change method had a 

correlation of 1, the standard deviation was 170 mm/month, which was similar with observed, 

and the CRMSE was 0.00 mm/month. The correlation for power transformation methods was 

0.71, the standard deviation was 190 mm/month, and the CRMSE value was 140 mm/month. 

The local intensity and linear scaling methods have a correlation of 0.6; the standard 

deviations were 240 mm/month, which was greater than what was observed; and the CRMSEs 

were 200 mm/month for both methods. At Jimma station Figure 4.6 (B), that delta change 

correction was the preferable bias correction method over others. Its correlation was 1, the 

CRMSE was 0.00 mm/month, and the standard deviation was 90 mm/month. The distribution 

mapping and power transformation methods were preferable next to delta change. Their 

correlation values were 0.49 and 0.51, the standard deviation values were 120 and 118 

mm/month, the CRMES was also 105 and 102 mm/month, respectively. Whereas linear 
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scaling and local intensity scaling methods were rarely available next to these bias correction 

methods applied in this station. 

 

 A                                                                                                                B 

Figure 4.6; Represent the bias correction methods for CNRM-CM6-1 against monthly observe

d precipitation simulation over B/Dar and Jimma stations. 

As shown in Figure 4.7(A), the delta change correction bias correction method was more 

suitable and preferable method than the others. Its correlation value was 1, the standard 

deviation was 55 mm/month, and the CRMSE was 0.00. The power transformation of 

precipitation, linear scaling, and local intensity scaling bias correction methods were used to 

correct the bias of the given data at far distance from the observed value, their correlation 

values were 0.4, 0.44, and 0.4, respectively, and the standard deviation values were 70 

mm/month; Whereas distribution mapping was unavailable and bad to correct monthly 

precipitation over this station. 

The figure 4.7(B) shows that delta change correction was the best and preferable bias 

correction method among the others that were applied over Arba Minch stations to correlate 

the climate model with monthly observed precipitation. The delta change correction has a 

correlation of 1, the standard deviation was 70 mm/month, which was similar, to what was 

observed, and the CRMSE was 0.00. Linear scaling and local intensity methods were rarely 

close to observed; their correlation values were 0.5, the standard deviations were 80 

mm/month, and CRMSE were 80 mm/month. The distribution mapping and power 

transformation of precipitation were simulated using the observed data by far than these 
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methods

 

A                                                                                                              B 

Figure 4.7; Bias correction methods in CNRM-CM6-1 against monthly observed precipitation 

over Arba Minchand D/Dawa 

As shown in Figure 4.8 (A), the Dubity station, delta change correction was the only 

preferable bias correction method, to correct the CNRM-CM6-1 GCM With the monthly 

observed precipitation simulations. Delta change correction has a correlation of 0.4, the 

standard deviation was 25 mm/month, which was similar, to what was observed; and CRMSE 

was 30 mm/month. The power transformation of precipitation was available but far from the 

observed data. Its correlation was 0.2, and the standard deviation value was 40 mm/month. 

The other bias correction methods were not preferable for this station. 

At Debere Birhan station figure 4.8 (B), delta change correction and distribution mapping bias 

correction methods show the best suitability and closeness to monthly observed precipitation. 

They have correlation values of 1 and 0.69, CRMSE also 0.00 and 95 mm/month, 

respectively, and the standard deviations were 120 mm/month for both that were similar to 

observed. The power transformation of precipitation was closer to monthly observed 

precipitation than local intensity scaling and linear scaling. Its correlation value was 0.8. The 

standard deviation value was 130, which was greater than observed, and the CRMSE was 85 

mm/ month. Linear scaling and local intensity methods have a correlation of 0.6; they were 

far from observed according to their standard deviation. 
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A                                                                                                    B 

Figure 4.8; The Taylor diagram represent bias correction methods for CNRM-CM6-1 against 

monthly observed precipitation at Debre Birhan and Dubity station. 

4.4 The mean monthly observed, uncorrected (raw GCM) and bias corrected prec

ipitation simulation correlations 

Figure 4.9 shows the comparison of observed, raw GCM and bias corrected mean monthly 

precipitation for D/Markos and Addis Ababa stations. Among all bias correction techniques, 

which were the best correlated with observed mean monthly precipitation, DM method was 

underestimated mean monthly observed precipitation for D/Markos station at March, April, 

May, June, and July but it was the best in all other months. The raw CNRM-CM6-1 was 

overestimated the observed mean monthly precipitation only at August but it underestimated 

all remaining in months. It overestimated at all monthly mean values and underestimated bias 

corrected mean values (Addis Ababa). According to  Birhanu et al.,( 2023) CNRM-CM6-1 

leads to bias in simulating seasonal rainfall. Linear scaling, power transformation and 

distribution mapping methods were effective and showed comparable performance to correct 

of mean monthly precipitation simulation (Worku et al.,2020), the same is true for LS and PT 

methods in this study result, but in most case DM was biased to correct mean monthly values. 

Addis Ababa station reflected that overestimated by the raw GCM and DM bias correction 

technique Tumsa, (2022) power transformation and linear scaling methods were adjusted 

exactly on the monthly average of precipitation at all stations. These methods performed very 
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well in terms of frequency based metrics (mean) but only slightly in adjusting standard 

deviation as they overestimated at Addis Ababa station. 

 

Figure 4.9 evaluate each BC methods with observed and raw GCM in mean monthly precipita

tion simulation for D/Markos and Addis Ababa stations. 

At both stations (Arba Mich and Dire Dawa), (Figure 4.10) all bias correction methods 

performed well for both stations, but the DM method underestimated mean monthly 

precipitation for Arba Minch station in January, February, March, and April and 

overestimated at May, June, August, September, and October mean monthly precipitation 

simulation, but it was better at Dire Dawa for most mean monthly values than Arba Mich 

station. The raw CNRM-CM6-1 underestimated mean monthly observed and bias corrected 

values from January up to April and it overestimated in May, September, October, and 

November periods at this station in Arba Minch station. The raw value also underestimated 

mean observed and corrected from January up to September time scales, with overestimated 

biased for all other remaining months in Dire Dawa station. Those results in all selected 

stations agreed with Choudhary & Dimri,(2019) most of the methods show equivalently high 

ability in correcting the seasonal mean precipitation values Tefera et al.,(2023) and 

Mengistu et al., (2021) DM and LS bias correction techniques of individual RCMs and their 

ensemble portrayed well the magnitude and distribution of the mean monthly rainfall in all 

stations of central and western high lands of Ethiopia.  
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Figure 4.10; observed, raw CNRM-CM6-1 and bias corrected mean monthly precipitation 

simulation for Arba Minch and Dire Dawa stations. 

The raw CNRM-CM6-1 (Figure 4.11) was overestimated observed mean monthly 

precipitation in January, August, and November at B/Dar and it underestimated all other 

months at both B/Dar and Jimma stations. The model highly underestimated West and south 

west area of the country (D.Berhanu et al.,2023).. All BC methods were sufficient to correct 

GCM mean monthly precipitation simulations. The distribution mapping method was 

underestimated in May, June and July in B/Dar station, but for Jimma station DM technique 

underestimated the mean monthly values at January, March, April, and July up to September. 

It overestimated at April for B/Dar and May and October for Jimma station. Linear scaling, 

power transformation and distribution mapping methods were effective and showed 

comparable performance to correct the RCM simulation of mean monthly rain fall biases in 

central highlands of Ethiopia Worku et al., 2020).  
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Figure 4.11; the observed, raw CNRM-CM6-1 and bias corrected mean monthly precipitation 

simulation for Bahir Dar and Jimma stations. 

The bias corrected, raw GCM, and observed mean monthly precipitation correlation at 

D/Birhan in Figure 4.12, shows that distribution mapping was underestimated the mean 

monthly observed values from June up to September month and it was better for other all 

mean monthly values. The raw CNRM- CM6- 1 was underestimated observed mean monthly 

precipitation values in June, July, and August periods and it overestimated at all months. All 

bias correction methods were strongly correlated with observed.  

Edamo et al., (2022) Worako et al., (2022) suggested that DM have strong performance under 

the different climatic conditions in southern Ethiopia, this study also revealed that DM 

method was performed well at all selected stations in some case. It also underestimated from 

June up to October and at December monthly periods. It was better in mean monthly 

precipitation simulations at Dire Dawa, D/Birhan, D/Markos, and Dubity stations. All bias 

correction methods were the best performed in mean monthly precipitation simulation at 

Dubity station. The distribution mapping method was underestimated observed mean monthly 

precipitation from June to September and also November. It was better from January to May 

and at November month. The raw CNRM -CM6 -1 was overestimated the observed values 

and bias corrected mean monthly precipitation from the month January to May and also in 

November. 

 



46 
 

 
Figure 4.12; observed, raw CNRM-CM6-1 and bias corrected mean monthly precipitation 

simulation for D/Birhan and Dubity stations 

4.5 Evaluate bias correction methods for downscale CNRM-CM6-annual precipit

ation simulation 

4.5.1 Taylor diagram representations for each bias correction methods in annual precipitation 

simulation 

The annual CNRM-CM 6-1 precipitation simulation at Addis Ababa station figure 4.13(A) 

resulted that linear scaling, power transformation, distribution mapping and local intensity 

methods were had the correlation values of 0.2. The PT and LS has the standard deviation 

values 400 mm/year. The delta change correction method was has the lowest correlation with 

observed than the above techniques. Worku et al., (2020) evaluate statistical bias correction of 

RCM in central high lands of Ethiopia; revealed that Linear scaling, power transformation and 

distribution mapping methods sufficiently corrected /adjusting annual rainfall. Evaluated the 

BC methods for Annual precipitation simulation at D/Markos station, distribution mapping 

and local intensity correlate with the observed but they have variation with it. Their CRMSE 

values also high, PT and LS were better simulation than the above two methods. The delta 
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change correction method has lowest variation and error values with observed but it correlates 

at a lowest range. 

 

A                                                                                                                        B 

Figure 4.13; Bias correction evaluations for annual CNRM-CM6-1 precipitation simulation at 

Addis Abeba and D/Markos stations 

The all bias correction methods were performed well for annual simulation on Dire Dawa 

station figure 4.14. PT was superior to the others; it has not error to correct annual 

precipitation simulation in this area. It strongly correlates with observed.  The bias corrected 

annual CNRM-CM6-1 precipitation simulation at D/Birhan stations reflected that PT and LS 

bias correction methods correct better than DM and LI methods. Delta change correction 

technique was performed well than all above methods. Its CRMSE value was 100 mm/year 

and the standard deviation value also100 mm/year. The LS and PT methods had the standard 

deviation values of approximately 250 mm/year this reflect they have high variation with 

observed in simulation. The power transformation method consistently and uniquely adjusted 

mean and standard deviation correctly in comparison with observed precipitation data at all 

stations. Hence, this method was very suitable for removing bias from GCM/RCM in central 

Ethiopia (Tumsa, 2022). PT and LS method was better than the other techniques for annual 

simulations at this study. PT was performed well at Jimma, Dubity; most methods have less 

available over these stations. LS also best to correct annual simulations at Bahir Dar and Arba 

Minch stations (appendix figure 1.1, and 1.2). 
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A                                                                                                               B 

Figure 4.14; Annual CNRM-CM6-1 precipitation simulation corrections at Dire Dawa station 

4.5.2 The annual observed, corrected and raw GCM representation 

The annual comparison of bias correction methods figure 4.15 shows that, the delta change 

correction was best bias correction methods than other methods for both stations (B/Dar and 

A./Minch). LI and LS techniques were leads to overestimate the annual observed 

precipitation. The raw model was mostly overestimated at1998, 2000, 2006, 2700, and 2009 

yearly simulations in A/Minch station. Appendix figure 1.3 Addis Ababa station, all BC 

techniques were having the significant variation with annual precipitation simulation and delta 

change correction and PT were slightly better. At D/Markos delta change correction and PT 

methods effectively corrected annual precipitation simulation than the others. For Dubity 

station (Appendix figure 1.4) LS, LI and delta change techniques shows better performance. 

The DM and PT were overestimated and underestimated annual observed value, the raw 

GCM also had mostly underestimated errors in this station. For D/Birhan station delta change 

correction and PT were well performed than DM, LI, and LS methods. The raw CNRM-CM6 

-1 model led underestimated annual observed simulation. The annual correlations of observed, 

bias corrected and raw CNRM-CM6-1 values, PT and LS methods were better in adjusting 

annual simulation than others at Jimma (Appendix figure 1.5) station. At D/Dawa station most 

BC methods overestimated annual observed values from 1996 to 1998, 2001, and 2012 to 

2014 years. The raw model mostly underestimated annual observed values. 
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Figure 4.15; correlations of annual observed, raw CNRM -CM6-1, and corrected precipitation 

simulation at Bahir Dar and Arba Minch stations 

4.6 The overall selected best bias correction methods for downscaling GCM preci

pitation simulations in all selected stations  

The bias correction methods applied in this study were evaluated in by several measures, 

based on the results the study selected the best BC techniques at all simulation periods in all 

selected stations in Ethiopia. 
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Table 4.3; selected bias correction methods for overall stations at daily, monthly and annually 

periods 

                                         Daily Monthly Annually 

Stations GCM climate

 model 

Bias correction methods Bias correction methods Bias correction methods 

Addis 

Abeba 

 

CNRM-

CM6-1 

Delta change correction, 

power transformation of 

precipitation 

Delta change correction, 

distribution mapping of 

precipitation 

Delta change correction, 

power transformation of 

precipitation   

Arba 

Minch 

CNRM-

CM6-1 

Delta change correction, 

distribution mapping 

Delta change correction, 

linear scaling 

multiplicative 

Linear scaling, local 

intensity, Delta change 

Bahir 

Dar 

CNRM-

CM6-1 

Delta change correction, 

power transformation of 

precipitation 

Delta change correction, 

power transformation of 

precipitation 

Delta change correction 

Power transformation of 

precipitation. 

Dubtiy 

CNRM-

CM6-1 

Delta change correction, 

power transformation of 

precipitation 

Delta change correction( 

multiplicative), power 

transformation of 

precipitation 

Power transformation of 

precipitation, Linear 

scaling 

Dire 

Dawa  

CNRM-

CM6-1 

Delta change correction, 

power transformation of 

precipitation 

Delta change 

correction (multipli-

cative),Linear scaling 

multiplicative 

Delta change, correction, 

power transformation of 

precipitation  

D/Birha

n  

CNRM-

CM6-1 

Delta change correction (

 multiplicative), power tr

ansformation of precipi-

tation 

Delta change correction (m

ultiplicative),distribution 

mapping  

Delta change correction  

  Linear scaling,  

D/Marko

s 

CNRM-

CM6-1 

Delta change correction (

multiplicative), power tra

nsformation of precipi-

tation  

delta change correction( 

multiplicative), 

distribution mapping 

Delta change,  

power transformation of 

precipitation 

Jimma 
CNRM-CM6-

1 

Delta change correction( 

multiplicative), PT 

Delta change correction(m

ultiplicative), PT  

Power transformation 
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CHAPTER FIVE: CONCLUSIONS AND RECOMMENDATIONS 

5.1 CONCLUSIONS 

Bias correction methods were crucial and necessary essential standing tools for all climate 

model data accurateness and related impact studies. This study evaluated bias correction 

methods performance to downscale the CNRM-CM6-1 GCM precipitation simulation at 

daily, monthly, mean monthly and annual temporal scales in selected stations of Ethiopia. 

The study concludes that the delta change correction (multiplicative) and power 

transformation of precipitation bias correction methods were preferable and suitable based on 

their CRI values for almost all selected stations to downscale the CNRM-CM6-1 GCM model 

daily and   monthly precipitation simulation in Ethiopia. The other bias correction methods 

were shows suitable simulations next to delta change correction, whereas the distribution 

mapping of precipitation method was leads to an underestimate and overestimate of 

simulations in all periods. Precipitation local intensity scaling and linear scaling were suitable 

at Arba Minch and Dire Dawa stations; linear scaling was also well at Bahir Dar, Jimma and 

D/Birhan stations at the daily and monthly time scales. this study also reflect that, power 

transformation of precipitation and distribution mapping of precipitation bias correction 

methods were also preferable and suitable methods next to delta change correction 

multiplicative, they have better correlation, lowest variation, and errors to correct the given 

model data with observed precipitation at daily and monthly periods. Whereas precipitation 

local intensity scaling and linear scaling multiplicative bias correction methods were less 

preferable than the above methods, Most bias correction methods performed better at monthly 

and mean monthly time series than daily and annual simulation, but there were fewer methods 

available for Addis Ababa and Dubity stations at lower correlations with observed values than 

other stations for daily and monthly time series. Most BC methods simulate precipitation in 

less coverage at Addis Ababa, Dubity stations in all periods and Jimma for annual simulation. 

The raw CNRM-CM6-1 was leads to overestimate and underestimated observed precipitation 

over all stations. All BC methods were performed best in all selected stations. Even though 

DM technique was well, it underestimated and overestimated the mean monthly precipitation 

simulation. The delta change correction, PT and LS bias correction techniques have greater 

potential to adjust annual precipitation simulation over all selected stations, LI method also 

better next to these methods. 
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5.2 RECOMMENDATIONS 

The study recommends that the bias correction methods were pre request tools to downscale 

and amend biases in the GCM model input data for precipitation simulations in selected 

stations of Ethiopia. The errors in climate models lead to unreal implementation and miss 

simulations. Effective decision making in climate prediction and appropriate climate change 

adaptation and mitigation measures relies on accurate and corrected climate model data. To 

statistically bias correct/downscale the GCM data require deep attention, must pass under 

relevant statistical procedures, available data coherence, format, and arrangement; unless a 

few errors lead to the inefficient findings 

Delta change correction (multiplicative), power transformation of precipitation, and 

distribution mapping of precipitation bias correction methods were the most effective and 

suitable methods on a daily and monthly time scale to adjust CNRM-CM-6-1 GCM 

precipitation simulations in Ethiopia. The LS.PT and delta change significantly adjust annual 

precipitation simulations. This study has showed that, bias correction methods can reduce 

biases in raw GCM for simulating precipitation in Ethiopia. The finding out puts of this study 

would be used to future (hydrological and climate change impact modelling, GCM 

precipitation simulations, GCM downscaling, climate impact assessments, and other related 

studies, which are timely needed and ahead for simulating the future anticipated changes in 

the climate systems. The future research is necessary on this topic to clearly determine the 

performance of these bias correction methods to adjust the future raw estimates in Ethiopia 

under different climate scenarios.  

 

 

 

 

 

 

 








































