ACO301 - Defra Final Project Report – March 2008 (ANNEX 1)

ANNEX 1
Description of the LARS-WG stochastic weather generator

LARS-WG is a stochastic weather generator based on the series approach (Racsko et al., 1991) with a detailed description being given in (Semenov et al., 1998). LARS-WG produces synthetic daily time series of maximum and minimum temperature, precipitation and solar radiation. The weather generator uses available observed daily weather for a given site to determine a set of parameters for probability distributions of weather variables as well as correlations between them. After it has been obtained, this set of parameters is used to generate synthetic weather time-series of arbitrary length by selecting randomly values from the appropriate distributions. The weather generator distinguishes dry and wet days depending on whether the precipitation is greater than zero. The occurrence of precipitation is modelled by alternating wet and dry series approximated by semi-empirical probability distributions (Semenov and Brooks, 1999). On a wet day the amount of precipitation is modelled using semi-empirical distributions for each month. Minimum temperature, maximum temperature and radiation are related to the amount of cloud cover, and so LARS-WG uses separate wet and dry day distributions for each of these variables. The normal distribution is used for the temperature variables with the mean and standard deviation varying daily according to finite Fourier series of order three. Semi-empirical distributions are used for solar radiation (for more details see, (Semenov et al., 1998)).

For a given set of parameters, LARS-WG produces synthetic time-series one day at a time. The data consists of alternate wet and dry series and, when the end of one series is reached, the length of the next is chosen from the wet or dry series semi-empirical distribution for that month. For a wet day, the amount of precipitation is taken from the precipitation distribution for the month, and the temperature and radiation values are taken from the wet day distributions and the correlation coefficients applied. The dry day distributions are applied on dry days. The use of semi-empirical distributions gives flexibility to the generator, allowing it to model a wide variety of distributions. Analysis of observed data from many sites around the world showed that the shapes of most of the variables could vary considerably (Semenov et al., 1998). Standard distributions were only considered to be satisfactory for temperature, where the residuals are modelled by the normal distribution and the annual variation in mean and standard deviation by Fourier series. The weather generator has been tested in diverse climates in the Europe, North America, Asia, Australia and New Zealand, and was able to reproduce most of the characteristics of the observed data well at each site 


(Semenov et al., 1998; Qian et al., 2004) ADDIN EN.CITE .

We describe here how a new set of parameters 
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 is calculated for the climate scenario 
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. Daily precipitation, length of wet and dry series and radiation are modelled, using semi-empirical probability distributions. A semi-empirical distribution E= { e0, ei; hi, i=1,.…,10} is a histogram with ten intervals, [ei-1,ei), where ei-1 (  ei, and hi denotes the number of events from the observed data in the i-th interval. In the case of precipitation and dry/wet series e0 = 0. Minimum temperature, maximum temperature and radiation are related to the amount of cloud cover, and so LARS-WG uses separate wet and dry day distributions for each of these variables. The Normal distribution is used to model normalized residuals for temperature variables with the mean and standard deviation varying daily according to finite Fourier series of order three. 

The climate scenario file for LARS-WG  
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 includes mpr - changes in monthly mean precipitation, wetS/dryS - changes in the length of wet/dry series, tn/tx - changes in monthly mean minimum and maximum temperature, rd – changes in monthly mean radiation.  To adjust the mean of the semi-empirical distributions with the scenario value, we “stretch” the distribution changing the mean value according to the corresponding value calculated from the climate scenario file. The end points of the adjusted distribution are given by 
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where 
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  is a predicted change in mean value. For the length of wet series
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 is calculated as 
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(similar for dry series). Changes in the distribution of daily precipitation are affected by changes in monthly mean precipitation 
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and changes in the probability of a wet day. Therefore, for precipitation 
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 is calculated as 
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where 
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 are probabilities of a wet day for the present and future climates, calculated on the basis of the LARS-WG parameters for the site and changes in the length of wet/dry series from the climate scenario CCs: 
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where 
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 are mean length of wet and dry series for the baseline climate, calculated using the LARS-WG parameters. For daily radiation 
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where 
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are expected mean radiation for a wet/dry day for the baseline climate.

The shape of the daily temperature distributions for wet and dry days is approximated by the Normal distribution with the values of mean and standard deviation changing daily and calculated by a Fourier series 
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 of order 3, so that
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where t = Julian day, ( =  2( / 365. To adjust a maximum temperature Fourier series for future climate, we calculated new monthly mean temperature values by adding observed monthly means and corresponding changes 
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 and recalculating Fourier coefficients for new mean values.  For maximum temperature 
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 is calculated as
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where 
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mean monthly maximum series for wet and dry days. Changes in minimum temperature are calculated in a similar way. The auto correlation coefficients (for minimum and maximum temperature and radiation) are kept unchanged.
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