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Abstract 

Global climate change is one of the most important 

problems of our age. Its possible harmful effects are flood 

formation, loss of life and property, severe drought etc. 

Many studies are carried out to reduce these damages and 

to limit the impact area. The creation of precipitation 

intensity-duration-frequency curves (IDF) is one of these 

studies. These curves are especially used in the design of 

water structures. IDF curves are usually generated from 

observed precipitation data. This situation causes these 

curves to stay away from precipitation changes due to 

climate change. Therefore, these curves need to be updated 

under future climate projections. In this study, this problem 

was emphasized and the IDF curves of Muğla province 

were tried to be estimated according to the years 2023–
2098 under the RCP8.5 scenarios of the HadGEM-ES, 

GFDL-ESM2M global models with the equivalent quantile 

matching method. 
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1. Introduction 

The global climate is being seriously damaged day by day, 

especially due to human-induced effects. These damages 

affect many areas. Climate change causes the existing 

balance of nature to deteriorate, causing extreme 

consequences, especially in conditions of temperature and 

precipitation. Due to the large number of affected areas, 

various topics and studies have been carried out on these 

areas. Studies have been conducted on the effects of global 

climate change on the environment (Davis et al., 2010; 

Angelique and Culley 2010), its effects on glaciers 

(Thompson 2010; Dinar and Mendelssohn 2009), and its 

regional effects (Brunettia et al., 2003; Abreu and 

Schönfelda 2003). Some of the studies have been done on 

climate models and scenarios (Tayşi and Özger, 2021; 

Giannakopoulos et al., 2009). In this study, it is aimed to 

predict IDF curves over climate models and scenarios. IDF 

curves are of great importance for the design phase of 

water structures. Assuming that the IDF curves are largely 

created with historical data, it will not be appropriate to use 

these curves continuously since they cannot accommodate 

the precipitation change as a result of climate change. 

Therefore, these curves need to be updated considering 

climate change. With the help of equivalent quantile 

matching method, daily precipitation data of climate 

models (GFDL-ESM2M, HadGEM-ES) were converted 

into standard-duration precipitation data and IDF curves 

for the years 2023–2098 were tried to be estimated. In the 

study conducted for the province of Muğla, the historical 

data of the province of Muğla and the global climate model 

prediction data were compared, and it was tried to observe 

how the climate change could affect the precipitation. 

2. Materials and Methods 

2.1. Study area 

Figure 1. Muğla province location map 

Muğla province was chosen as the study area (Figure 1). 

Muğla is a city with a Mediterranean climate type. In the 

Mediterranean climate, summer months are generally dry 

and hot, and winter months are rainy and warm. 

2.2 Data 



 

 

The data used in the study were obtained from the General 

Directorate of Meteorology. These data are respectively 

RCP8.5 scenario precipitation data belonging to 

HadGEM-ES, GFDL-ESM2M global climate models, 

model historical data belonging to climate models 

covering the years 1971–2000, and observed precipitation 

data covering the years 1971–2000 for Muğla province.  

2.3 Equidistance Quantile Matching Method 

Equidistance quantile matching method is a method used 

to convert daily maximum precipitation data into sub-daily 

durations of 5, 10, 15, 30 mins and 1, 2, 6, 12 hours. The 

steps of the method are as follows. 

a) Data in all available data sets are obtained as 

annual maximum precipitation data. 

b) Historical data of climate models, observed 

precipitation data with standard time periods and 

future precipitation data of climate models are 

fitted to the Gumbel distribution and their 

parameters are found. 

c) A linear relationship is obtained between the 

cumulative distribution function of the historical 

data sets of climate models and the cumulative 

distribution function of the observed data.  

                           𝑌𝑚𝑎𝑥,𝑗
𝑆𝑇𝑁 = 𝑎1 ∗ 𝑋𝑚𝑎𝑥

𝐺𝐶𝑀 + 𝑏1                    (1) 

d) A linear relationship is obtained between the 

cumulative distribution function of the future 

precipitation data of the climate models and the 

cumulative distribution functions of the historical 

data of the climate models. 

𝑌𝑚𝑎𝑥
𝐺𝐶𝑀,𝐹𝑈𝑇 = 𝑎2 ∗ 𝑋𝑚𝑎𝑥

𝐺𝐶𝑀 + 𝑏2        (2) 

 

e)  By combining the equations in steps c and d, the 

following equation is obtained. This equation also 

performs the disaggregation process. 

            𝑋𝑚𝑎𝑥
𝑆𝑇𝑁,𝐹𝑈𝑇 = 𝑎1 ∗ [

𝑋𝑚𝑎𝑥
𝐺𝐶𝑀,𝐹𝑈𝑇 − 𝑏2  

𝑎2  

] + 𝑏1        (3) 

f) In the last step, the disaggregated data is 

calculated with the Gumbel distribution 

according to the return periods and curves are 

drawn (Srivastav vd., 2014). 

MATLAB program was used for the calculations in the 

study.  

3. Results and Discussion 

In order to test the consistency of the model used in the 

study and its success in disaggregation, a comparison was 

made between the observed data and the disaggregated 

HadGEM-ES and GFDL-ESM2M model historical data. 

Figure 2. Comparison of disaggregated GFDL-ESM2M 

model historical data with observed data for a 10-year 

recurrence interval. 

Figure 3. Comparison of disaggregated HadGEM-ES 

model historical data with observed data for a 10-year 

recurrence interval 

As seen in Figures 2 and 3, the coefficient of determination 

of 𝑅2 ≈ 1 was found between the historical data of the 

disaggregated model and the observed data of Muğla 

province. It has been seen that the model gives satisfied 

results in disaggregation. 

Table 1. Comparison of disaggregated model’s future 

precipitation data with observed data as % change 

HadGEM-ES model RCP8.5 scenario 

Ret. period (yr)  2 5 10 

2023-2048 49.8 64.8 72.0 

2049-2074 -9.9 6.0 11.9 

2075-2098 -2.2 0.9 2.4 

        

GFDL-ESM2M model RCP8.5 scenario 

Ret. period (yr)  2 5 10 

2023-2048 -1.2 -11.9 -15.8 

2049-2074 -15.9 -27.0 -32.4 

2075-2098 -20.0 -25.7 -27.9 

 



 

 

As seen in Table 1, for the HadGEM-ES model, 

precipitation increases by 49 to 72% between 2023 

and 2048, and decreases by 10% for the 2-year return 

period. For 5- and 10-year return periods, a decrease 

of 6 to 12% is observed between 2049 and 2074. 

Between 2075 and 2098, while there is a decrease of 

2% for the 2-year return period, an increase of 1 and 

2%, is predicted for 5- and 10-year return periods, 

respectively. When the GFDL-ESM2M model is 

examined, a decrease of 1 to 16% for the years 2023-

2048, 15 to 33% for the years 2049-2074, and 20 to 

28% for the years 2075-2098 is predicted. 

 

 

Figure 4. Comparison of the IDF curves derived by 

the observed precipitation data with those derived 

from climate models’ future predictions for the years 

2023-2098 for the return periods of 2-, 5-, and 10-

years from top to bottom, respectively. 

In Figure 4, a comparison of IDF curves derived 

from the disaggregated models with those derived 

from the observed data shows that the HadGEM-ES 

model has a positive bias and gives higher values 

than the values derived from the observed data. On 

the other hand, the GFDL-ESM2M model has a 

negative bias and gives lower values than the values 

derived from the observed data. 

 

Figure 5. Percent change of precipitation intensity 

of climate models’ predictions with respect to 

observed data for 2-, 5- and 10-year return periods 

from top to bottom, respectively. 

When the data in Figure 5 are examined, it is seen 

that the HadGEM-ES model generally predicts 

higher values with increased rainfall durations 

compared to the observed values, while the GFDL-

ESM2M model generally predicts lower values with 

increased rainfall durations compared to the 

observed values for 2-year return period. There is no 

such a monotonous trend for the 5- and 10-year 

return periods for GFDL-ESM2M model. 

In the study of Tayşi and Özger (2021), according to 

the HadGEM-ES model, precipitation will increase 

for Istanbul, and in the study of Gürkan et al. (2016), 

there will be a general decrease in precipitation in 

Turkey in the 2023-2098 period according to the 

GFDL-ESM2M model. Similar results were 

observed between the results obtained in this study 

and some studies in the literature. 

4. Results 



 

 

Since global climate change is one of the most 

important problems of our age, it is necessary to 

carry out many studies on this issue that will 

emphasize the importance of reducing its harmful 

effects. In this study, scenarios have been produced 

for the province of Muğla on how global climate 

change can affect precipitation between 2023 and 

2098.  

The following results were obtained: 

• When the disaggregated data obtained from 

the HadGEM-ES model is compared with 

the observed precipitation data, an increase 

in the range of 5 to 17% is predicted for 2-

year return period between 2023 and 2098. 

 

• These predictions of increase become 16 to 

26% and 20 to 30% for 5- and 10-year 

returns periods respectively. 

 

• GFDL-ESM2M model predicts a decrease 

of 8 to 22%, 15 to 35%, and 20 to 44% for 

the return periods of 2-, 5-, and 10-years, 

respectively. 

 

In general, it has been predicted that there will be an 

increase in precipitation according to the HadGEM-

ES model and a decrease in precipitation according 

to the GFDL-ESM2M model. According to the data 

obtained from HadGEM-ES model for Muğla 

province, it is concluded that the existing stormwater 

infrastructure may become insufficient, which may 

cause flooding. However, based on the GFDL-

ESM2M model, the stormwater infrastructure in 

Muğla province is expected to be sufficient under the 

RCP8.5 scenario. 
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