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Abstract. In this paper a new validation test for the spatial weather 
generator SWGEN producing the multisite daily time series of solar 
radiation, temperature and precipitation is presented. The method was 
tested by comparing statistics of 1000 years of generated data with extra 
long series of 35 years of observed weather parameters and 24 sites of 
meteorological stations for south-west Poland. The method evaluation 
showed that the means (sums) and variances of generated data were 
comparable with observed climatic data aggregated for months, 
seasons and years. 
 
 

1 Introduction  
Compared with the well-known weather generators producing the data for the simple 
station, a spatial weather generator is much more sophisticated method from the 
mathematical point of view. The main idea behind constructing the spatial weather 
generator is an application for the complex processes evaluation in a given region including 
correlations among sites. The most well-known applications of spatial data simulated by 
spatial weather generators are used in hydrology and water management. Particularly, the 
forthcoming hydrology in the river catchments, runoff response, and predictions are 
strongly impacted by future climate and possible change [1-13]. The daily flow simulation, 
particularly seasonal extremes for future climate conditions given by different scenarios are 
important for water management and hydrology for several reasons [10-11, 14-18]. Above 
applications indicate that high-quality spatial weather generator is required. A high-quality 
spatial weather generator means that the generated data are same distributed as the climate 
data [10, 19-20]. This means that basic statistical measures such as averages, variances and 
others are very close. 

The paper presents a new evaluation of the spatial weather generator SWGEN based on 
long climate data series and 24 stations from south-west Poland. 
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2 Spatial weather generator − SWGEN 
The idea of simulation of spatial data by the spatial weather generator is widely described 
in the literature [1, 6, 13, 16-17, 21-24]. For several applications in Poland the spatial 
weather generator SWGEN is used as the best downscaling method to produce n years of 
synthetic daily data on potentially possible weather course at k stations [9, 25-26]. The 
SWGEN model generates total precipitation by means of the first-order Markov chain to 
determine the occurrence of wet/dry days, and then for the amount of precipitation the 
multidimensional two-parameter gamma distribution is used [8, 11, 18]:  
 
 (Γ𝑚𝑚(𝛼𝛼1, 𝛽𝛽1), … , Γ𝑚𝑚(𝛼𝛼𝑘𝑘, 𝛽𝛽𝑘𝑘))  (1) 
 
where m is the month number (m = 1, …, 12, i.e. January = 1, Feburary = 2, ...,  
December = 12) and k is the location number. Daily values of solar radiation (SR), 
temperature maximum (Tmax) and minimum (Tmin) are treated as a multidimensional time 
series AR(1) in the following form:  

 

 𝐗𝐗𝐭𝐭 = 𝚽𝚽𝐦𝐦 ∙ 𝐗𝐗𝐭𝐭−𝟏𝟏 + 𝛆𝛆𝐭𝐭 (2) 

where Xt and Xt-1 are vectors (3k  1) of standardized values for all three variables for day 
t and t-1, εt is a vector (3k  1) of independent random components normally distributed 
with vector of means equal to zero and matrix of covariance Σm, and Фm (for m = 1, …, 
12) is a matrix of parameters [8, 11, 17]. 

3 Data generation 
According to the model of spatial weather generator, characteristics of required 
meteorological parameters: solar radiation (SR), minimum and maximum temperature  
(Tmin and Tmax) and precipitation total (P) were estimated for each station of the area. In 
some cases of missing data, solar radiation values were obtained from sky cover  
measurements (IS) according to the Black formula [25, 27]. The characteristic of each 
analyzed meteorological parameter was represented by its monthly mean value and 
standard deviation. In addition, the spatial correlations among variables from all stations 
were added to the characteristics. For the stations with the lack of measurements of a given 
meteorological parameter, these characteristics were obtained with the use of interpolation 
techniques: ordinary kriging and inverse distance weighting method. The selection of better 
interpolation techniques was performed with the use of cross-validation method with the 
criteria based on the value of RMSE (root mean square error) [25, 27-28]. 

Then, the spatial weather generator SWGEN is used to produce new long series of 1000 
years (comparing to previous study [25-27]) of synthetic data for 24 stations.  

For the comparison of observed and generated data, the procedure shown in Fig. 1 is 
applied. 
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Fig. 1. Diagram of evaluation of generated data (see also [27]). 
 

4 Meteorological data and study area  
The data simulation using the scheme (Fig. 1) was applied to a south-west region of Poland 
in the basin of the Odra River accounting for the area of approximately 65000 km2 (Fig. 2). 
Daily data of solar radiation, maximum and minimum air temperature, and total 
precipitation of a 35-year data series (1981−2015) of the meteorological network within the 
study area, were obtained for 24 stations from the Institute of Meteorology and Water 
Management National Research Institute (Table 1).  

 
Fig. 2. Area of study – south-west of Poland, approximately 65000 km2. 
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Table 1. List of weather stations used for SWGEN model test. 
 

     
Weather stations Longitude Latitude Elevation Meteorological variable 

(P – total precipitation [mm],  
SR – solar radiation [MJ/m2],  
IS – cloud cover in tenths,  
T – temperature [°C]) 

 
1. Bolkow 16°06'E 50°55'N 361 m  P 
2. Chocianow  15°55'E  51°25'N  146 m  P 
3. Chojnow  15°56'E  51°17'N  162 m  P 
4. Dobromierz  16°15'E  50°55'N  278 m P 
5. Iwiny  15°42'E  51°12'N  211 m  P 
6. Jawor  16°11'E  51°03'N  178 m  P 
7. Kaczorow  15°58'E  50°55'N  487 m  P 
8. Legnica  16°12'E  51°12'N  107 m  SR, IS, T, P 
9. Lubin  16°12'E  51°24'N  127 m  P 

10. Stanislawow  16°01'E  51°04'N  373 m  P 
11. Strzegom  16°21'E 50°58'N  227 m  P 
12. Tomaszow 

Boleslawiecki 15°41'E  51°17'N  186 m  T, P 
13. Twardocice  15°45'E  51°06'N  258 m  P 
14. Wojcieszow 

Dolny 15°55'E  50°59'N  397 m  P 
15. Zagrodno  15°52'E  51°12'N  193 m  P 
16. Zlotoryja  15°56'E  51°07'N  223 m  P 
17. Chwalkowie  16°37'E  51°27'N  159 m  T 
18. Jelenia Gora  15°48'E  50°54'N  345 m  SR, IS, T 
19. Leszno  16°32'E  51°50'N  87 m SR, IS, T 
20. Polkowice 

Dolne 16°03'E  51°30'N  150 m  T 
21. Pszenno  16°33'E  50°51'N  205 m  T 
22. Wroclaw  16°53'E  51°06'N  110 m  SR, IS, T 
23. Zgorzelec  15°02'E  51°08'N  198 m  T 
24. Zielona Gora  15°32'E  51°56'N  169 m  SR, IS, T 

      

4 Results  
The SWGEN model was examined by comparison: observed data vs. generated data. Daily 
data of solar radiation (SR), minimum and maximum temperature (Tmin, Tmax) and 
precipitation total (P) were aggregated to annual, two hydrologic seasons (from April to 
September (H-S) and from October to March (H-W)) and 12 monthly periods (January, ..., 
December) for all 24 stations. For all synthetic data as well as for the data from climatology 
and for given periods, means (sum) and standard deviation (SD) were determined. For the 
above computations, 1000 years of generated data and series of 35 years of observed data 
were used. Next, absolute differences (abs) between observed and generated parameters 
(mean, SD), as well as relative absolute differences (Rel) in the form Rel = abs(observed – 
generated)×100% /observed were evaluated [13, 29]. 

Obtained results are presented in Table 2.  
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Table 2. Average absolute and relative error of means (sum) and standard deviations of solar 
radiation, temperature maximum and minimum, and precipitation for generated and observed data in 

different time periods (average for 24 stations). 

Time 
period 

Error SR [%] Tmax [%] Tmin [%] P [%] 
Mean SD Mean SD Mean SD Sum SD 

Year Abs.  0.02  0.02  0.01  0.02  0.01  0.04  3.30  1.05 
Rel.  0.19  0.24  0.05  0.23  0.18  0.65  0.54 17.53 

H-S Abs.  0.02  0.04  0.02  0.04  0.00  0.04  2.06  1.47 
Rel.  0.10  0.42  0.11  0.61  0.04  1.03  0.53 19.03 

H-W Abs.  0.03  0.01  0.01  0.03  0.01  0.10  1.48  0.54 
Rel.  0.42  0.19  0.15  0.51  3.48  2.03  0.68 15.60 

Jan Abs.  0.04  0.09  0.09  0.29  0.04  0.32  0.35  0.30 
Rel.  1.37  4.94  2.42  5.68  1.58  6.20  1.39 11.94 

Feb Abs.  0.01  0.04  0.09  0.18  0.14  0.29  1.04  0.18 
Rel.  0.23  1.19  1.73  3.30  6.85  5.31  3.25  7.03 

Mar Abs.  0.04  0.11  0.01  0.34  0.01  0.05  0.52  0.56 
Rel.  0.46  2.43  0.06  6.91  1.83  1.29  1.14 14.66 

Apr Abs.  0.07  0.14  0.05  0.15  0.08  0.09  0.76  0.97 
Rel.  0.45  1.94  0.32  2.82  2.49  2.31  1.77 19.43 

May Abs.  0.29  0.06  0.15  0.22  0.02  0.12  0.75  0.87 
Rel.  1.37  0.70  0.79  4.63  0.24  3.72  1.32 13.95 

Jun Abs.  0.21  0.36  0.16  0.21  0.08  0.05  1.04  0.90 
Rel.  0.99  4.31  0.75  4.80  0.71  1.74  1.39 12.08 

Jul Abs.  0.06  0.20  0.04  0.07  0.02  0.12  1.78  3.04 
Rel.  0.30  2.46  0.16  1.68  0.17  4.35  1.77 24.68 

Aug Abs.  0.11  0.17  0.14  0.10  0.03  0.10  1.43  1.52 
Rel.  0.55  2.27  0.55  2.09  0.25  3.32  2.41 20.03 

Sep Abs.  0.03  0.24  0.01  0.17  0.01  0.10  0.47  0.87 
Rel.  0.28  4.35  0.06  4.22  0.06  3.16  0.93 14.43 

Oct Abs.  0.06  0.18  0.05  0.10  0.06  0.05  0.84  0.60 
Rel.  0.79  4.66  0.33  1.99  1.26  1.14  2.35 15.82 

Nov Abs.  0.03  0.02  0.02  0.11  0.00  0.08  0.43  0.87 
Rel.  0.97  0.74  0.35  2.32  2.73  1.95  1.12 21.78 

Dec Abs.  0.03  0.03  0.08  0.20  0.08  0.09  0.48  0.27 
Rel.  1.31  2.09  2.50  4.09  3.52  1.78  1.41 10.51 

 
The above study and results are comparable to earlier research [25-26]. However due to 

much longer data series used for the test, higher number of stations and larger area of study, 
new results are significant. Table 2 shows that the spatial weather generator reproduces 
satisfactorily daily values of meteorological variables with proper averages, sums and 
standard deviations.  

The averages for generated solar radiation (SR) and both types of temperature (Tmin, 
Tmax) correspond to the observed ones. As in previous research, the higher values of 
temperature (Tmax vs. Tmin) for simulated data had a higher standard deviation than the 
observed ones and, as well, the standard deviation of simulated Tmax was slightly higher 
than that of observed Tmax values. The observed error defined as the relative absolute 
difference (Rel) does not exceed 7%. 

Evaluation of the spatial weather generator was made by means of produced data also in 
terms of its ability to reproduce the precipitation distribution by comparison of generated 
and observed daily precipitation totals and standard deviation for all collected stations. 

Although simulations show good compliance for the sum of precipitation totals, for 
observed and generated data, some uncertainties were identified for standard deviations. 
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The relative difference (Rel) of standard deviation for the annual period is about 18% while 
for monthly periods varies from 7% (February) to 25% (July). 

5 Conclusion  
The above validation test for the network of 24 stations, long data series (35 years) and a 
relatively large area (65000 km2) leads to the following remarks.  

Generated daily meteorological data, i.e. solar radiation, maximum and minimum 
temperatures as well as total precipitation, counted in periods from month to year are 
produced with low absolute and relative errors. Generated data errors are acceptable from 
the point of view of several applications such as hydrology prediction in river basins, 
evaluation of climate change for river hydrology, future water management in the river 
catchments up to 40−80 years, various possibilities for climate change study and others.  

The presented test proved that the spatial weather generator producing daily 
meteorological data is an important tool for a decision support system, as the best 
downscaling technique. 
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