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Abstract Weather generators were useful for generating incomplete history weather records and weather scenarios
in future. Recently they were used to study downscaling climate variables and provide weather forcings for hydrolog-
ical and ecological simulations. Generalized linear models (GLLM) are powerful tools for relating large-scale weather
variables with high resolution variables at the earth surface. The application of generators based on GLLM is promis-
ing. In this paper, by using five variables derived from single grid NCEP reanalysis data, such as air temperature,
500-hPa geopotential height, potential temperature, relative humidity, sea-level pressure, as large-scale independent
variables that affect precipitation variations, GLLM for downscaling and simulating daily precipitation were construc-
ted. For determination of precipitation occurrence probability, the logistic model was used, and for simulating daily
precipitation amounts, the Gamma, exponential, normal, and lognormal distributions were used respectively. The
observed daily precipitation series and the selected NCEP reanalysis data were used for parameter-estimation and
simulation. The maximum likelihood estimate of the model parameters was performed by genetic algorithms. The
results of estimation showed that the fitting effect of the gamma distribution-based models was the best, the lognor-
mal distribution was the second, the exponential distribution was the third, and the fitting effect of the normal dis-
tribution-based models was the worst; on the other hand, the fitting effect of the models with their parameters esti-
mated for each month separately was a little better than that without separation of months. Both the observed and
simulated daily precipitation-occurrence probabilities were added for each month and the corresponding precipitation
amounts were also averaged for each month in order to verify the models’ ability. Results showed that the precipita-
tion-occurrence probability was underestimated slightly by the logistic model, and precipitation-amounts expectations
were underestimated by the exponential and gamma distribution-based GLLM but were overestimated by the lognor-
mal distribution-based GLLM when monthly total precipitation amounts were large. The stochastic simulation of pre-
cipitation showed that the lognormal distribution-based GLLM overestimated the yearly averaged monthly total pre-
cipitation and the exponential or gamma distribution-based GLLM had a good simulation effect. On the whole, these
stochastic models based on GLLM and the NCEP reanalysis data are powerful tools for explaining and simulating the
occurrence probability and amounts of precipitation.

Key words generalized linear models, weather generator, downscaling, NCEP reanalysis data, genetic algorithms
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Table 1 The maximum likelihood values derived from parameter estimation of generalized linear models (GLM) (the estimation

was performed without reference to different calendar months)

Rk B AR (D8 SIER=PNIE] 3
i i 4 (A D] TR A1 Gamma 434 XHEE A5 EZSS A KA AT

G —6352. 2 —10382. 6 —10314. 2 —10326. 1 —12582.7 Gamma 43 A
S —6256. 3 —10038. 9 —9986. 2 —10032.0 —12019.7 Gamma 43 1fi
8" —6401.0 —10774. 8 —10723. 8 —10781. 1 —12909. 4 Gamma 43 A
YK —6280. 3 —10171.0 —10123.1 —10148. 4 —12248. 2 Gamma 431
N7 —6420. 3 —10554. 5 —10502. 5 —10571.0 —12717.7 Gamma 43 A
Il —6488. 3 —11036. 3 —10952. 1 —10997. 2 —13397. 3 Gamma 431
g —6510. 7 —10903. 5 —10818. 2 —10816. 9 —13225. 4 X ROEZS 3 A
=il —6476. 2 —10716. 6 —10646. 8 —10663. 3 —13040. 3 Gamma 431
vk —6594. 4 —11069. 8 —10987. 2 —10985. 1 —13428. 4 XA 43 A
KRk —6611.5 —11041. 2 —10963. 1 —10964. 7 —13373.1 Gamma 431
SE14 —6439. 1 —10668. 9 —10601.7 —10628. 6 —12894. 2 Gamma 43 1fi

x2 SRAHMGIMSHMAETBIENSHAIHTEFERMERURET L

Table 2

The annual cumulative maximum likelihood values derived from the parameter estimations of GLM based on the four

different distributions (the estimation was performed for each calendar month respectively)

LSBT B KA
Winid KRR ECEIGi] YRR A Gamma 434 IEAS KA AT
4 —6034. 7 —10283.4 —10276. 4 —10182. 1 —12300. 7 Gamma 43 ffi
T —5936.7 —9944. 6 —9945. 5 —9860. 2 —11761. 4 Gamma 43
%5 —6073. 1 —10715.4 —10714.0 —10633.8 —12730. 2 Gamma 43 fii
v —5972.7 —10084. 8 —10093. 3 —10006. 3 —12019.7 Gamma 43ffi
biie] —6097. 0 —10473. 2 —10490. 4 —10396.0 —12444.8 Gamma 43 ffi
I —6124.0 —10956. 5 —10920. 8 —10841. 1 —13135.3 Gamma 431
B —6166.5 —10816. 5 —10767.7 —10696. 5 —12963. 4 Gamma 43 ffi
Bl —6128.5 —10635.8 —10596. 6 —10533.2 —12749.7 Gamma 43ffi
vk —6264.3 —10985. 1 —10930. 4 —10870. 3 —13153.3 Gamma 43 ffi
R —6240. 8 —10960. 5 —10912.9 —10848. 6 —13106. 3 Gamma 4} i
-4 —6103.8 —10585. 6 —10564. 8 —10486. 8 —12636. 5 Gamma 431
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Fig. 1 Observed (a) precipitation occurrence and (b) mean of precipitation amounts versus those forecasted by NCEP data through GLM
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