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ABSTRACT

By adopting various stochastic weather generators, different rescarch groups in their recent studies have
realized the importance of the effects of climatic variability on crop growth and development. The
conventional assessments derived climate change seenarios from General Circulation Models (GCMs) ex-
periments, however, ate incapable of helping to understand this importance. The particular interest here is
1o Teview the general methodological scheme to incorporate stochastic weather generator into climate im-
pact studies and the specific approaches in out studies, and put forward uncertainties that still exist,

A variety of approaches have been taken to develop the parameterization program and stochastic ex-
periment, and adjust the parameters of a typical stochastic weather generator called WGEN. Usually, the
changes in monthly means and variances of weather variables between controlied and changed climate are
used to perturb the parameters to gencrate the intended daily climate scenarios, We cstablish a
parameterization program and methods for stochastic experiment of WGEN in the light of outputs of
short—term climate prediction models, and evaluate ils simulations on both temporal and spatial scales,
Also, we manipulated parameters in relation to the changes in precipitation to produce the intended types
and qualitative magnitudes of climatic variability, These adjustments yield various changes in climatic vari-
ability for scnsitivity analyses. The impacts of changes in climatic variability on maize growth, final yield,
and agro—climatic resources in Northeast China are assessed and presented as the case studics through the
above methods. .

However, this corporatioa is still equivocal due to deficiencies of the generator and unsophisticated
manipulation of parameters. To detect and simulate the changes in ¢climatic variability is one of the indis-
pensable ways to reduce the uncertainties in this aspect.
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1. Introduction

Although there are many apparent deficiencies in General Circulation Models (GCMs),
including lower temporal and spatial resolution and disagreement between its controlled inte-
gration and the climate base, etc., it must be admitted that climate models are so far the only
available source of climate change scenarios based on atmospheric mechanism processes.
Thus, the methods of linking GCMs’ outputs with inputs of climate impact models, such as
crop growth simulation models together have been the best choice in the studies on the im-
pacts of climate change.

@This study was supported by the third sub—project of the national key research project in the 9th
Five—Year Plan: Study on the Short Term Climate Prediction System with code No.96—908-03,
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Conventional assessments on the possible impacts of climate change have a hypothesis of
keeping climatic variability in accord ance with that of present climate due to limited availa-
ble information about changes in climatic variability. More attention has been paid to the ef-
fects of changes in climatic means on crop production. For instance, how might an increase in
annual average temperature or monthly average temperature affect average grain yield? What
could be the effects of an increase or decrease in average precipitation? Fixed temperature
change and a fixed precipitation adjusting factor assumed or derived from GCMs’ simulation
is added to observed daily temperature or is multiplied by historical daily precipitation
respectively in these studies (Smith et al,, 1989),

Variability in changing climate, however, is more important than averages, IPCC con-
firmed in its Second Assessment (Houghton et al., 1996) that the frequency and severity of
climatic extteme events and climatic variability have reliably changed in some regions during
the past years, although there are no sufficient evidences to affirm this consistent change on
global scale. It was indicated in a number of studies that the variation of climatic variability is
closely related to the changes in climatic means, Moreover, the former is far more complicat-
ed than the latter. Unfortunately, the reliable information of this particular parameter is not
yet available in GCMs’ simulation.

The importance of emphasizing the effects of climatic variability on crop growth and de-
velopment arose from the studies of the effects of climatic variability, and has been realized by
different research groups in their recent studies, Extreme events which are particularly sensi-
tive to changes in climatic variability are most likely to influence crop growth and develop-
ment and have severe consequences (Katz and Brown, 1992). Negative impacts could derive
from more subtle influence on various plant physiological processes (Wilks and Riha, 1996).
The importance of daily weather variability to crop simulation was elaborated by Katz and
Brown {1992), Semenov and Porter (1995), Riha et al. (1996), Mearns et al. (1997), and Wu
and Wang (2000a).

Changes in climatic variability, however, were not considered in most studies due to lim-
ited knowledge and related skills, The hypothesis which keeps climatic variability constant in
the traditional research imposes restriction on the overall investigation of the impacts of cli-
mate change on crop production, and disaster mitigation activities which need a better under-
standing of the data on climate extremes,

Recently, stochastic weather generators are widely used to produce various types of cli-
mate change scenarios on a site basis. They link information derived from GCMs to local
weather characteristics and provide flexibility in the construction of climate change scenarios
with climatic variability. Possible climatic variability was comprised in these scenarios by ma-
nipulating the parameters of the time—~domain models. Here, we will briefly present a typical
stochastlc weather generator which has received much attention, and discuss the methods of
incorporating it into studies on climatic impacts and the uncertainties that still exist.

2. Stochastic weather generator (WGEN)

Numerous stochastic weather generators exist in recent c¢limatic impact studies, The
stochastic weather generator WGEN, prevalent in volumes of references, was suggested by
Richardson and Wright (1984) on the foundation of stochastic processes of variables’ time se-
ries. It can be used to simulate time series of maximum and minimum temperature, solar radi-
ation, and precipitation, ¢t¢. on a daily basis,
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2.1 Precipitation

The simulation of WGEN is based on the distribution of dry and wet days. Daily precipi-
tation occurrence is represented as a two—state first—order Markov chain, It accounts for the
stochastic dependence of the series of wet and dry days,

{Jo: 1= 12}, 1)

The state of day ¢ is determined by J, = 1 for wet days and J, = 0 for dry days. Parameters
estimated are unconditional probability of a wet day, n, and the persistence parameter (lag—]
autocorrelation coefficient) of precipitation occurrence, d.

r=P,.(J,= 1), @2.2)

d= Corrl(J,,J,_ ). 2.3)

Rainfall amounts (x) are simulated for wet days using the gamma distribution:
fx)=x""1e ¥/ BT (), (2.4)

x2 0, 0<a<l1, f>1.

where «,f represent the shape parameter and the scale parameter, respectively. T'(x) is the
gamma function of &, The mean p of the distribution is «f and the variance o® isap’ . Based
on the precipitation occurrence and intensity, the variance of the monthly total precipitation
is closely related to the charactetistics of daily precipitation according to the following equa-
tion:

s 1+ d,
Var(P, )= Nemea, B[+ a, (1— n,,)m:], (2.5)

where Var(P, ) is the year to year variance of monthly precipitation P ; N, is the number of
days in the time series; 7, ,d, %, 5, are relevant parameters in (2.1)~(2.4) for month

2.2 Temperature and radiation

The maximum and minimum temperature and solar radiation (X, () are modeled as a
multivariate first—order autoregressive process in line with the simulation of precipitation,

(X, GJW,= & 1= 12,2}, (2.6)

Z,Gk)=[41Z,_, G+ (Bl (K), @7

where i= 0,1 stands for dry and wet days separately. Daily variable Z, (j,k) is the normalized
values of X, (j,k) and a vector for day ¢ for three elements, j= 1,2,3 indicates the maximum
temperature, the minimum temperature and solar radiation, respectively. & (j,k) is a vector at
day 1 for the above three elements of independent randem normal components, [4] and [B]
are 3 X 3 matrices constructed from the matrices of lag—0 for time dependence and lag—1 for
simultaneous correlation among the three j elements, reflecting their time correlation and
cross correlation, For each of the j variables, separate means and standard deviations are
used for dry and wet days except for the minimum temperature (j= 2).

The relationship between interannual and daily variance of temperature is approximated

by:
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2 ,
oo 1+ p )
VarT ., )& d{jk} 1
ar( l.k) Nk 1— pl{j), (28)

where Var(T ) is the interannual variance of monthly temperature 7 ; 6. (,k) is the vari-
ance of daily temperature; p, (j) shows the first order autocorrelation coefficient of daily tem-
perature. Here j= 1,2 corresponds to maximum temperature and minimum lemperature
Tespectively.

3. Methods

Nonlinear relationships between crop and weather must be considered in the integration
of weather data with the crop—climate model, Therefore, it is essential to provide daily climat-
ic data as well as its variability for improving crop models’ simulation. On the other hand, be-
cause of the large uncertainty in the variability of a greenhouse climate, usually, a series of
sensitivity analyses of these models are performed to assess the impacts of changes in variabil-
ity of temperature and precipitation, Both of these objectives involve the combination of
GCMs experimental outputs and stochastic weather generators, and can be attained through
a large number of different combinations of parameters in WGEN.

3.1 General methods

For comparison, the corresponding Mean Changes only daily climate scenario MCQ) is
produced by classic climate scenarios forming techniques: Differences between 2 xCO, and
controlled monthly mean maximum and minimum temperatures, and ratios of 2x CO, to
controlled monthly mean precipitation from the outputs of GCMs are calculated firstly. Then
monthly mean differences are added to the daily time series of maximum and minimum tem-
peratures for the 30 years (e.g. 1961-1990) of observed data, and the observed daily precipita-
tion values are multiplied by these monthly ratios. These procedures are incapable of de-
picting changes in climatic variability, and result in a change only in the means of temperature
and precipitation, because their variabilities remain the same as for the observations,

Usually, the available information derived from GCMs is monthly or vearly values, The
following figure illustrates the methodological scheme to incorporate stochastic weather gen-
erator into climate impact studies, Before generation, the simulations of WGEN for present
climate consistent with the observed monthly statistics should be tested and validated to en-
sure that the sampling distributions exhibit observations’ variability. Qbserved daily data or
monthly statistics are used to fit the parameters of WGEN. The changes in monthly means
and variances of weather variables between controlled and changed GCMs experiment are
used to perturb these parameters to generate the intended daily climate scenarios. On the as-
sumption that surface solar radiation is changing very slowly or is questionable in current
GCMs, only changes in temperature and precipitation are to be treated here.

3.1.1 Temperature parameter adjustments

For the temperatures (maximum and minimum), adjusting the means and variances is
easily achieved by changing the variance of daily temperature o 20.k) and its mean values
4, j,k). The alteration can be conducted for each month separately according to (2.8), and the
algorithm in (3.2).
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Fig. 1. Methodological scheme to incorporate stochastic weather generator into climate impact
studies. The simulations for present climate consistent with observed monthly statistics are evalu-
ated to ensure that the sampling distributions exhibit observations’ variability. The changes in
monthly means and variances of weather variables between controlled and changed GCM:s exper-
iments, and specific constraints are used o perturb parameiers to generate the intended daily cli-
mate scenarios,

Z,Gk)= (X, G )= p G.kD/ 0, G.K), G.D

V(i k)= Var(T’,, )/ Var(T )= ¢/ (,k)/ 05 k), (3.2)

where i, (j,k) is the mean of the time series; o ,(j,k) is the standard variance of the base cli-’
mate; ¥, (j,k) is the ratio of the changed to the original variances of the changed and base
climate. All the symbols pertaining to the changed climate are denoted with primes. The
parameter V', (j,k) specifies relative temperature variability: for V', (j,k)> 1 or <1, the tem-
peratures are more variable or less variable than in the base climate; for V. {j,k)= 1, the vari-
ability in changed temperature is kept constant,

3,1.2 Precipitation parameter adjustments

Parameter adjustments for precipitation are more complex. The mean monthly total pre-
cipitation u, (k) can be expressed in terms of daily precipitation parameters as:

up(k)= Nkn*akﬁk. (3.3)

Another equation for the parameter alteration can be deduced from (2.5) as:
vV, (k)= Var(P’,)/ Var(P,), (3.9)

where the relative precipitation variability Vp(k) bears the analogous meaning, ie. for
Vp(k)> 1 or < 1, the synthetic precipitation series exhibit more or less variability than in the
base climate case; for V', (k)= 1, the variability in changed precipitation remains constant,
There are four parameters 8,7, in (3.3) and (3.4) to determine the changed precipita-
tion scenario. Therefore, two additional constraints or equations are required to fix them.
These constraints depend on other available information or the objectives of a particular cli-
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mate impact study, In general, they are varied to conduct a series of sensitivity analyses (Riha
et al, 1996, Wu and Wang, 1999). There are a number of ways to adjust these four
parameters to achieve the intended changes in precipitation variability while preserving the
monthly means, In our consideration aiming at physical consistency among the variables, at
least 28 combinations of the parameters can be used as constraints in which some parameters
may remain constant,

Because WGEN can generate values of daily climate factors, it is also used in analyzing
the possible variations of climatic extremes, such as the extreme maximum and minimum
temperatures, annual maximum daily precipitation, maximum length of dry spell and the
number of days with precipitation exceeding specified thresholds, etc. (Wu et al., 2000b).

3.2 Specific methods used in our study

3.2.1 Parameterization program and ctochastic experiment of WGEN, and its simulations
evaluation

Several statistic techaiques (such as parametric analysis of dynamic data, etc,) and
GCMs’ outputs with low temporal resolution (monthly and yearly) were adopted in this study
to develop a parameter program for WGEN (Wu and Wang, 2000c). All parameters in
WGEN can be assessed through commonly available infermation from GCMs (based on spa-
tial regression downscaling to translate the coarse resolution GCMs grid—box predictions of
climate change to site—specific values). Also, a stochastic experiment of WGEN was presented
and carried out on the basis of the principles of Monte—Carlo numerical calculation.

Proceeding from the comprehensive analyses of temporal and spatial statistic characteris-
tics, we evaluated the simulations of present climate in Northeast China, Here, several exam-
ples are given for the evaluation, Daily observations for 30 years(1961-1990) are adopted as
the climate base while WGEN simulation series with the same length are used for
comparison. Observed and simulated monthly distributions of the wet days’ number and their
standard deviations at Shenyang location are illustrated in Fig, 2. It is clear that the simulated
wet days in nine months are exactly the same as those observed. The other three months only
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Fig, 2, Monthly distributions of the observed and simulated wet days’ number (Wnum) and its
standard deviation (SD) (Shenyang). Observations for 30 years (1961-1990) are adopied as the
climate base. Simulations for 30 years are also used for comparison.
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Fig. 3. The observed and simulated cumulative probability functions of daily mean minimum tem-
perature (Shenyang). Observations for 30 years (1961—1990) are adopted as the climate base.
Simulations for 30 years are also used for comparison.
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Fig. 4. Comparison of simulated field with observed field for annual mean precipitation per wet
day (mm) in Northeast China, Observations for 30 years {1961-1990) are adopied as the climate
base, Simulations for 30 years are also used for comparison,
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have a deviation of cne day. The difference of standard deviation between observations and
simulations is less than one day in all the 12 months, We examined the temporal statistical
distribution of simulated climatic factors as well, Figure 3 displays the similarity and consis-
tency of observed and simulated curmulative probability functions of daily mean minimum
temperature. Also, a series of spatial comparison between simulated and observed values of
the maximum and minimum temperatures, solar radiation and precipitation (including wet
days’ number and precipitation per wet day) are conducted on various temporal scales, Figure
4 demonstrates the departure of simulated annual mean precipitation per wet day based upon
observations in Northeast China. The values are varied but they are less than 1.0 mm in most
areas of Liaoning, Jilin, and Heilongjiang Provinces.

1t is thus concluded that WGEN has fairly good skills in generating the maximum tem-
perature, the minimun: temperature, precipitation and radiation; and the probability property
of data sequence observed and simulated is rather identical. We regard WGEN as a promis-
ing approach to link climate models with impact models,

3.2,2 Generation and adjustments of climatic variability

To explore the impacts of changes in climate variability on various aspects of crop
growth, MC climate was constructed according to the general methods mentioned above; and
other climate scenarios with changed variability were generated in the following way,

Table 1. Summary of parameter adjustments which produced seven types of climatic variability scenarios

Scenario Type Parameter adjustment Description

{ MC «,f.7,d=constant Mean change only climate

1 VARPW a,fi = constant Changes in wet days’ sumber

341 VARAB n=consiant Changes in precipitation per wet day
v VARPWDI1 a,fi=constant, d § As I, decrease wet / dry spell

v VARPWD2 a,f=constant, d } As 11, increast wet / dry spell

Vi VARABD! n=constant, d § As II, decrease wet / dry spell
Vil VARABD2 n=constant, 4 As I, increase wet / dry spell

For the complex inter—linkages within the stochastic weather model and unsophisticated
manners up to date in adjusting parameters to produce desired changes of climatic variability
(Katz, 1996), we manipulated parameters in relation to the changes in precipitation to gener-
ate the intended types and qualitative magnitudes of climatic variability. However, the de-
tailed information about changes in precipitation, such as changes of rainfall intensity, wet
days’ number and the duration, is not clear in GCMs’ outputs, So we. derived a variety of ¢li-
matic variability from changes in these variables and conducted a series of sensitivity analyses
in our studies{Wu and Wang, 1999). Temperature variability changed simultaneously as pre-
cipitation variability was adjusted because temperature is conditioned by precipitation
simulation in WGEN.

With the objective of keeping the climatic averages the same as GCMs’ simulation, three
categories (7 types) of climatic variability scenarios including MC climate were generated in
this study. Unconditional probability of a wet day =, the shape parameter 2, and the scale
parameter § were achieved from (3.5) and (3.6) in separate scenarios.

®,= AP, 7, 3.5)
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Wy B = AP By (3.6)

where AP, is the ratio of 2 x CO, to controlled monthly mean precipitation, The persistence of
precipitation occurrence d decreased or increased by 50 percent referring to Wilks (1992) study.
Parameter adjustments, scenario types and their descriptions are summarized in Table 1.

3,23 Assessing the impacts of changes in climatic variability on crop growth, final yield, and
agro—climaiic resources

Using the above seven types of scenarios, the impacts of changes in climatic variability
on maize growth and development in Northeast China were assessed and compared with the
effects of changes in climatic means through Monte Carlo stochastic sampling. Monthly cli-
mate change scenarios are derived from a general circulation model called DKRZ OPYC,
The analyses were conducted by a dynamic mechanism process—based simulation model for
maize growth and development (MZMOD) which has the necessary flexibility to examine the
effects of changes in climatic variability on crop production,

Figure 5 illustrates the results from numerical experiments whose parameters are ad-
justed by Equation (3.5), It is obvious that the responses of maize yield to different changes in
climatic variability are quite different, In this case, the changes in precipitation is regulated by
wet days’ number, while other variables related to precipitation are constant, The results indi-
cate that the yield reduced in SCENARIO—V1 at Shenyang exceeds that in mean change only
scenario, which is the focus of traditional researches, When the persistence of precipitation
occurrence is decreases by 50% (SCENARIO-V2) or increases by 50% (SCENARIO—V3),
and the total rainfall keeps constant, maize yield would be diminished further at various cu-
mulative probabilities in the former case. The reduced yield might be lessened in the later sce-
nario. Therefore, the yield reduction caused by changes in climatic means would be alleviated
or aggravated by certain climatic variability scenarios, Moreover, changes in yield variability
would be more intricate.

In addition, the revealment of possible variations of extremie climatic factors in the grow-
ing season showed that they would be more acute than climate averages, which adds to the
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Fig. 5. The cumulative probability functions for maize yield under different climatic variability
change seenarios at Shenyang (sowing date: May 6). SCENARIO-Y1 is only for wet days’ number
changes. Wet days’ duration is shortened ot lengthened in SCENARIO-V2 and SCENARIO-V3
respectively. Yields simulated for 30 years are included for each curve.
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Fig. 6. Delayed days of the initial date with 19°C in Northeast China (days) compared with the
normal date under present climate, Observations for 30 years (1961~1990) are adopted as the cli-
mate base, Simulations for 30 years are also used for comparisen,

possibility of unfavorable impacts of abnormal weather events on the crop growth and devel-
opment. There are also some favorable changes for crop growth, such as the longer growing
season. Here we give an example of the delay in the initial date with 19°C in Northeast China
compared with the normal date in present climate (Fig. 6). This index is rather imporiant be-
cause it indicates the possibility of cold injuries to crops cultivated in this region. The daily
climate scenario generated by WGEN shows that the initial date with 19C would be post-
poned greatly, especially in most areas stricken by cold injuries.

4. Uncertainties

Although this stochastic simulation allows for greater flexibility and physical meaning in
making changes in climatic averages and variability than arbitrary adjustments in early stud-
ies, uncertainties still exist in most research approaches. Thus far from the final resolutions of
the question, we are not yet unequivocal to the future climatic risk to agriculture,

{1y Notwithstanding good agreement of statistic weather generator is demonstrated between
the simulation run and observed daily weather at specific site, some of WGEN's statistical
characteristics are still unclear, Certain unanticipated effects can be produced when its
parameters are adjusted. Especially, it has inadequate capacity to generate extreme

R
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weather variables,

(2) For the unsophisticated approaches in manipulating the parameters of stochastic weather
generator, we cannot get the precise changes in the variances of temperature or precipita-
tion and keep its means constant at the same time,

(3) There are many doubts about the structure of stochastic models, For instance, simple
first—order Markov Chain process and Gamma distribution seem inadequate to represent
the more concentrated rain patierns (Hayhoe, 1998}; the matrices [A] and [B] in Equation
(2.7} are not constant, but should represent the regional and seasonal values (Wilks,
1999).

(4) Stochastic weather generators developed by these approaches are intended to advance our
understanding of the impacts of ¢limate changes in variability, but we are not able to af-
firm climatic variability in a single future scenario, Therefore, in most sensitivity analyses,
few climate change scenarios had reliable and explicit changes in variability due to con-
siderable uncertainties in cur knowledge regarding this subject.

(5) Although some consistent and qualitative results have been achieved, there is still much
disagreement among these studies: Various climate change scenarios owing to changes in
climatic variability appear to yield considerably different changes in crop production, In
addition, climate change scenarios derived from one climate model may produce different
responsés in other crop models.

5. Summary

Progress in this area has been reviewed in context with understanding the uncertainties
and challenges. We introduced the general methodological scheme to incorporate stochastic
weather generators into climate impact studies as well as the specific ones in this study, Al
most all the topics associated with this field such as the parameterization program and
stochastic experiment of a typical stochastic weather generator WGEN, and its simulations
evaluation, generation and adjustments of climatic variability, assessment of the impacts of
changes in climatic variability on crop growth, final yield, and agro—climatic resources were
included in the review. The outputs of short~term climate prediction models could be adopted
in driving crop growth models to assess the impacts of climatic change in both averages and
variability through the adjustment of parameters, Accordingly, we would expect more com-
prehensive results of climate impact assessment,

Future research should deal with the deficiencies in stochastic weather generators. For
instance, in this study, WGEN tends to underestimate and overestimate the observed variance
of monthly total precipitation and monthly total solar radiation respectively, Another chal-
lenging statistical problem is the development of stochastic models which are used to simulate
weather variables simultaneously over both space and time (Hutchinson, 1995) rather than a
particular site or range of sites, Definite climate change scenario must be affirmed or the
range must be narrowed in climate simulation if we expect to make much progress in such in-
corpotation instead of speculation, All these should be the subjects of further investigation for
more robust conclusion,

REFERENCES

Hayhae, H. N, 1998: Relationship between weather variables in observed and WXGEN gencrated data series, Agric.
and Forest. Meteor., 90, 203114,

1



948 Advances in Atmospheric Sciences Vol, 18

Houghton, I, T,, L. G. Meira Fitho, and B. A. Callander et al. (eds.}, 1996: Coniribution of WGI to the second as-
sessment report of the intergovernmental panel on climate change: Climate change 1995 (The science of climate
change), Report of the IPCC, WMO and UNEP, University Press, Cambridge, 572 pp.

Hutchinson, M. F., 1993: Stochastic space—time weather models from ground—based data. Agric. and Forest,
Meteorol, 73, 237-264.

Katz, R. W, and B. G. Brown, 1992 Extr¢me events in a changing climate: Variability is more important than aver-
ages. Climate Change, 21, 289302,

Katz, R, W, 1996: Use of conditiona! stochastic models to generate climate change scenarios. Ciimate Change, 32,
237-255,

Mearns, L. O, C. Rosenzweig, and R. Goldberg, 1997: Mean and variance change in climate scenarios: Methods, ag-
ticulture applications, and measures of uncertainty, Climate Change, 38, 367-396.

Richardson, C, W,, and D. A. Wright, 1984: WGEN: A model for generating daily weather variables, U. $. Dept. of
Agriculture, Agrienltural Res, Service, ARS-8, 83 pp.

Riha, 8. J., D. 8. Wilks, and P, Simoens, 1996: Impact of temperature and precipitation variability on crop model
predictions, Climate Change, 32, 293311,

Semenov, M. A, and J, R, Porter, 1995: Ciimatic variability and the modelling of crop yields, Agric. and Forest. Me-
teor.. T3, 265-283.

Smith, J. B, and D. Tirpak et al, (eds.), 198%: The potential effects of global climate change on the united states,
U.S./ EPA, EPA-230—05-89-050, 413 pp.

Wilks, D. S., 1992: Adapting stochastic weather generation algorithms for climate change studies, Climate
Change, 12, 6784

Wilks, D. S, and 8. J. Riha, 1996. High—frequency climatic variability and crop yields, Climate Change, 32,
231-235,

Wilks, D. §., 1999: Interannual variability and extreme—value characteristics of several stochastic daily precipitation
models. Agric. and Forest. Metear., 93, 153~169,

Wu Jindong, and Wang Futang, 1999: Changes in Climatic Variability and Maize Yicld in Northeast China, J.
Chinese Geography, 9, 236-247,

Wu Jindong, and Wang Futang, 2000a: Study on the creation of daily climatic variation scenarios with a stochatic
weather generator and various intetpolations, Quart, J. Appl. Meteor., 11, 129—136 (in Chinese),

Wu Jindong, Wang Shili, and Zhang Jianmin, 2000b: A numerical simulation of the impacts of climate change on
water and thermal resources in Northeast China. Resources Science, 22(6), 36—42 (in Chinese),

Wu Jindong, and Wang Futang, 2000c: Study on the parameters programme of a stochastic weather generator and
evaluation of its simulation, 4¢ta Meteorologica Sinica, 38, 49—59 (in Chinese),

ESERRHRBPSINENRSIEER
A EFAREY
REH  FAXL
N E

ERRATAYRMNRNEERER - FTRTRTERMARTEMR. FEFEER
HHHEPDLMRB TR EENREREKETERA EEE, X0 TRESTHGYE
HENASFRAANELALRSRAEDREIENR IFATHRERN LN ERE, 4
INEWREHUR TR ERE A TURELEMPN — BT REE UREEHAELS
PIRR T, XPRE T B RSURA T PEFAEN —~ LTME .

T L HT B LB AR IR R ST . A R I O ok A e T o — PR 5 WGEN By REUR LK
RERHYSHUTRRAMURR I E. THNFAAEFARRARANSHER K. B¥HR



No. § Wu Jindong and Wang Shili 949

BERE T TR SRR 2% CO, REZ MM TR TR FHEM T ZHELRRIBNTS
EEBNEN UERFREHCRELNR. EXNEFRBENSETMLXNRBES
BT —% WGEN 15 %y & R RBHLLR H %, 3 BLEen] |02 M A -~ RE LR fiF
TS HALS R F WGEN BIRIEE . B4k 5 b A MK M 2k, RIREME R %
BEY, ERTAREEFRMR. 3SR P4 4 50T A R B AE R R
EEEL, AT UREMTEHRBESF. E3m b om0 A0, TPiE T R%E
SBREEFENFEALME TRER. B REEEK RL TREFERGER. RTHT
BNXMNEEREFULSHMETEN TR, BIHRIASAEBEATSRELER
AALFE-LETREL. EMNIRNTRERTLEFIRARIRIBTAEER L ERRE

-

FWN: AR TREN UREW, REE



