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Weather Generator

• Weather Generator
– Generating weather scenarios based on statistical 

model,
– TMAX, TMIN, Precipitation.
– Observation data required

• To be well quality-controlled (accuracy, no missing),
• To be sufficiently long (30 years).



Weather Generator

• Weather Generator
– Popularly used in agricultural and hydrological 

studies,
– Observation data is limited to represent diverse 

inter/intra-seasonal variation of climate.
– Weather Generator produces a great deal of 

scenarios to overcome such a limit.



Weather Generator

• Popular Weather Generators
– WGEN (Richardson, 1981)

• Gamma distribution: rainfall amount model,
• Normal distribution: temperature anomaly model.

– LARS-WG (Racsko et al., 1991)
• Semi-empirical model: rainfall amount model.



Weather Generator

• Single-site Weather Generator
– WGEN, LARS-WG: single site.

• Multisite Weather Generator
– Covering a basin rather than a specific site.
– Based on statistical model describing 

weather/climate over multiple sites.
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Temperature Model

• Normal distribution
– TMAX/TMIN anomalies follow Normal distribution.
– Normal distribution Features:

• Bell shape,
• Parameter: mean, standard deviation,
• Mean is equal to the center of distribution,
• Standard deviation indicates the spread of distribution.



Temperature Model

• Normal distribution



Temperature Model

• Normal distribution



Temperature Model

• Normal distribution



Temperature Model

• Normal distribution for a real data



Temperature Model

• So what?
– Normal distribution seems to be good!
– Normal distribution serves as mother distribution

for anomaly generation in Weather Generator.



Temperature Model

• Hands-on
– Open WG_Basic.R.

1. Click File

2. Click Open File…

3. Find WG_Basic.R by double click. 
(Searching start C:\)



Temperature Model

• Hands-on



Temperature Model

• Hands-on



Temperature Model

• Hands-on
– How to estimating parameters?
– fitdistr() is used!



Temperature Model

• Hands-on

Note: Mean and standard deviation are almost 0 
and 1, respectively, because anomaly is obtained 
by standardizing TMIN.



Temperature Model

• Hands-on
– Using rnorm(), we generate anomaly!



Temperature Model

• Hands-on
– Using rnorm(), we generate anomaly!



Temperature Model

• Hands-on



Temperature Model

• Practice: Check Normality for another station!
– Loaded tmin.anomaly has many other anomaly 

data.
– Choose one of them and test normality!



Temperature Model

• Practice: Check Normality for another station!



Temperature Model

• Practice: Check Normality for another station!

Change 16 to another number you want!



Temperature Model

• Practice: Check Normality for another station!



Temperature Model

• Regression Model
– Temperature is affected by precipitation.
– Precipitation entails:

• Cloudy weather,
• Short or no sunshine duration time, low solar radiation,
• High humidity, slow diurnal variation of temperature.
• TMAX tends to decrease. In dry cold season, TMIN 

tends to increase.



Temperature Model

• Regression Model
– Simple model: estimating parameters for wet/dry 

day, separately. (WGEN, LARS-WG)
– Regression model

• Precipitation effect depends on rainfall intensity,
• Regression model provides quantitative relation,
• Regression model is appropriate for multisite cases.



Temperature Model

• Regression Model
– TMAX distribution, (not its anomaly)
– Far from Normal! Why?



Temperature Model

• Regression Model

Slightly decreasing tendency 



Temperature Model

• Regression Model
– Assume TMAX = 𝑎𝑎 + 𝑏𝑏 × AVG + (error).
– How to estimate intercept(𝑎𝑎) and coefficient(𝑏𝑏)?
– Note: coefficient is expected to be negative.
– lm() is used for estimating regression model.



Temperature Model

• Hands on

Regression model estimation!
Astore ~ AVG: Regression formula



Temperature Model

• Hands on



Temperature Model

• Hands on



Temperature Model

• Hands on

𝑦𝑦 = 28.05331 − 4.6213𝑥𝑥



Temperature Model

• Practice: Regression modeling
– Loaded data.table contains the sites in the basin.
– Choose one of the sites and fit regression model

• Plotting AVG vs. TMAX of the chosen site,
• Estimating intercept and coefficient!



Temperature Model

• Practice: Regression modeling



Temperature Model

• Practice: Regression modeling

Change 2 to another number you want!
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Precipitation Model

• Gamma Distribution
– Precipitation distribution is skewed.
– Gamma distribution is popularly employed.
– Parameter: scale, shape.



Precipitation Model

• Gamma Distribution



Precipitation Model

• Gamma Distribution



Precipitation Model

• Hands on

Estimation of parameters of 
Gamma distribution



Precipitation Model

• Hands on

Estimation result!



Precipitation Model

• Practice: Gamma modeling
– Loaded rainfall.data has many other precipitation 

data.
– Choose one of them and test whether or not 

Gamma distribution is appropriate!



Precipitation Model

• Practice: Gamma modeling



Precipitation Model

• Practice: Gamma modeling

Change 4 to another number you want!



Precipitation Model

• Semi-empirical modeling
– What if Gamma is not good?
– Semi-empirical model as alternative (LARS-WG).



Precipitation Model

• Semi-empirical modeling
– Divide the whole range into several intervals

• break points: 0,10,20,…,90, 100% quantiles,
• 10 intervals.

– Choose one of them randomly.
– Randomly choose a value from the selected 

interval (uniform distribution).



Precipitation Model

• Hands on

Change 1 to another number you want!



Precipitation Model

• Hands on



Precipitation Model

• Hands on

Break points

Since i = 3, we choose a value from interval ( 0.50 , 1.40 ).

Choose one of 1,2,…,10.



Precipitation Model

• Gamma vs. Semi-empirical Modeling

1000 rainfall numbers generated!



Precipitation Model

• Gamma vs. Semi-empirical Modeling



Precipitation Model

• Gamma vs. Semi-empirical Modeling

All simulation values are less than maximum of observations!



Precipitation Model

• Comment on Semi-empirical Modeling
– Distributional distortion in tail part,
– Generation scheme can not produce values 

greater than maximum in observation period.
– Extreme value modeling needed.



The End of Session 2
Welcome any Questions.
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