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ABSTRACT

In this report, we first reviewed several available simulation models that
are useful in generating daily weather variables, particularly temperature and
solar radiation. We have then documented some experience and results of the
application of such techniques in analyzing weather data of Wageningen, The
Netherlands, and los Banos, The Philippines. The computer programs involved are
presented,

Ten years data of Wageningen (1975-1984) and twenty five years data of Los
Banos (1959-1983) were available for the analyses. Weather data were generated
with simulation models for a number of runs equal to the number of years of the
original data from which model parameters were estimated. In general, this
simulation of minimum and maximum temperatures was more satisfactory than that
of solar radiation, and Wageningen weather variables were better simulated than
those for Los Banos.

The effects of the mis-representation by the weather model on plant growth
can be evaluated by the crop simulation models. Some possible future research

in weather simulation models were discussed. A quantitative interpretation of
the difference between the monthly fraction solar radiation and the percentage
of dry days was attempted, and may be useful when only monthly summaries of
radiation data are available, instead of daily values.







I. INTRODUCTION
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Continuous energy supply is a basic requirement for
all living organisms. The basic source of such supply comes
primarily from the sun. Most part of the harmful shortwave
raciation is absorbed by ozone laders in the ionosphere, and
water vapor, oxygen and carbon dioxide have manwy strong
absorption bands in the infrarved.The small amount radiant
absorbed by plants not only sustains the biomass, but also
the vital processes of all living creatures of the food
chain (Larcher, 1975). Plante capture light by plgments in
the cells. Chlovophwll formed in chlovoplasts of all green
plants converts photo energy into chemical energy. %o that
photosynthesis which produces carbohydrates for plant to
grow can proceed. Phytochrome presented in the cytoplasm
reacts to photoperiod and regulates the developmental

pepoesesses such as germinations root development, shoot

development, flowering and fruit coloring (Treshow,; 19/9).

Temperature directly affects the rate of plant
developmant., Pesides its effect on photosunthesis (Bjovkman.
1979, temperature controls the rate of enzumatic reactions,
determines the solubilitu of gases (02 and COZ) in cell,
influences the availability and absorption of mineral
a@lements from the soils changes the rate of water absorption

by voots.,

Tt is obvious that solar radiation and temperature
are two of the most important meteovological variables 1n
determining and shaping the growth and development of a
plant. While it is interesting to investigate the i1mpact of
these variables on plant phusiology and ecoloay,y it is not
the intent of this report.

Recognizing the importance of these variables on
plant life cycles and crop productions we are interested in
computer techniaues whereby the amount and the distribution
of solar radiation and temperature for a given location can
bhe generatedy, and thalt mayw be used as tools to evaluate the
crop grouth and development. Methods of generating daily
values of these variaebles are particularly wuseful, since

Fargeimpactaof—westher—oan-—plant merphology. growth and
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peculiar weather conditions laa%lng in only a few days.

In this reporty we will first review some avallable
simulation methods for weather variables, and then document



some experience and results of the application of such
techniaues in analuzing westher variasbles of Wageningen, Tha
Netterlands and Los Panoss The Philippines. Those who area
interested in the physical properties of radiation and
tempaerature or their impacts on plant phusiology and ecology
mad find the following books informative! Rose, 19466F7 Gates
and Fapiany 19713 Monteith. 19735 Campbells 19775 Goudriaan,
19775 and Seemann et als 1979% in addition to Larcher{l975)
and Treshow (1977).

= SIMULATION MODELS

e n

In thisg section we will briefly review some avallable
mocdels that are useful in generating daily values of
temperature and solar radiation.

2.1 Nicks and Harp’s Model (NHM)

The mathod proposzed by Nicks and Harp (1988)
' 5 - Pering (1985 1n

recamhles e =y :
similating stream flow. To generate representative data of
solar radiation and temperature for a given dadsy the authors
suggested that the rainfall conditions of the present day
arid the day before must be considered. The formula thew used
in the simualation is shoun bmlow,

¥ o(ky ny m) = X (hy ny m) + v (ky my m) X {ky Ny m)
i i 1
— = 17

- X {(ky nse W)Y 4+ Z 8 (lkky My miILL = v (ky ms m)l

Where kL = 1y 24 3y or 4, represents the fouwr possible rain
categories of two dayz. n = 1, & and 3 are subscripts of
maximum temperature, minimum temperature and solar radiation
vespectively, m = 1y Z4 oee 312 is the number of the month.
X is the monthly mean and 5 is the standard deviation of X
and they are calculated for each rainfall category in a
menth. v is the serial correlation, or lag — 1 correlation
hbetween X' on the i th day and the (i - 1 ) th day . Z 1is

By this method, the generation of daily weathe?m
values consiste of generating a uniform vandom deviate
between [ @y 11 first., The value of k or the rainfall



categorys is determined by comparing the uniform vrandom
deviate with the estimated transitional probabilities which
are assumed to follow the probability law of a first-order
Markov Chain. éafter the vainfall status has been determined,
one can then use the appropriate meany standard deviation
and serial corvelation as well as a random novrmal deviate to
generate dailly values of temperature or solar radiation from
the equation.

This method, however, ignores the ssasonal trends
which usually exist in temperature and solar radiation.
Nerther 18 any relaticonship between the weather variables
used in the generation process. The reaquired number of
parametsrs for generating one dear’s data of temperature or
solar radiation include two transitional probabilities. four
zets of twelve monthly means, standard deviations and serial
corvelations for the fouwr vainfall categoriesy or 1&8
parameters in total.

2.2 Brubn s Fry and Fick’s Model ( BFFM )

Bruhn et al (1280) developed a rather comprehensive
similation program from which dailly values of precipitation,
maximum temperaturs 5 minimum temperature, minimum velative
humidity and total solar radiation could be genevated., First
—order Markov Chain was used to generalte precipitation data.
&1l the other weather variables were generaterd accocording to
the rainfall status of the day and were assumed to follow a
multivariate normal distribution. Much of the developmental
work of the method was based on an earlier work of Jones et
al (19723, For minimum and maximum temperatures, the
covrelations bhetween them and between current and previous
dayz were uwsed in the simulation. Furthermore these
variables were assumsd to be dependent on the rainfall
condition of the previous days while in generating data of
relative bumidity and total solar radisationy the rainfall
conditions for both previous and present daus were tTaken
into account.

.
The functional forms of the weather variables used in
the simulation model are shown bhelows

maximum temperature = f( my R s 1M « £

ot

e
.*-
§

minumum temperature

it

FO ms R s TM 4 2



minimum relative humidity = f{my, R s Ry 2
) ' t—1 t

total solar radiation = fime R 4 Z)

t
where m is the monthly means; R sy the rainfall status of
t—-1
(b - 1) th daus R 4y rainfall status of t th dawy . TH and
% -1
T arg rvespectively the maximum temperature on day (113

t
and t. Z iz a vandom normal variable., As in Nicks and Harp's
modelsy overall seasonal trends of these weather variables
were not conzideved and observed monthly means for each
raintfall catagory were used in the regression model for deta
genevation. In addition to serial correlations that weres
usmeEnd by Micks and Harps howevers, they also used oross
correalation betwessen maximum and minimum temperatures to

improve the simalation.

@3 Richardson’s Model ( RM D)

Richardson (1981) presented a method to generate
samples of daily precipitation: masimum tempavatures minimum
temperature and soler radiation. Precipitation was assumed
tor fFollow a Markov chain — exponential modely while the
omther variables were suppossd to be conditional multiveriate
novmal random variables conditioned on the precipitation
astatus of the day. Richardson took advantage of the existing
seazonal variations and described the changes of dailly means
by Fourier seriess. Thusy a signiticant reduction of the
number ofreauired paramsters in the model was achieved,
since monthly means were rerplaced by a few modesl
coefficients. The form of the simplest Fourler seriss 18

X = { + G COSE & P (1 — a) / 36517

antes the wesather variablesy 1 is for the
maximum temperature’ =y minimum remperature:; 3y solawv

- B

day., C 4 C and @ are coefficients of thHe CoOsInNE CUrves —
@ i



Similarly, standard deviations that were catcuiated for @ach
days based on long historical data were also fitted by &
Fourier Series as for the daily means.

The coefficients of the model can bhe sestimatec] by &

nonlinear least sauare procedure. Thus daily msan (X ) and

1.
standard deviation (B 1 carn be genevated by the Fourier
i
Ceries to simulate daily valussy X ‘gyas shown by the
14
following equation,
X = X + o
iJ i iJd 1

Where

cli im a residuasl component and is covrelated with
other variables

., If we denote

o o= ({d ) d 4 o )

i il i3 i3

the veetnr of residuals of mastimimam temperatures mlnlmum
toemperature and solar radiation for dag 1. and 8 18 &
i
vector of three slements that are indeperndently and normally
distributed with zero mean and unlt varliance. Then o can be
i
oupressed in the following gauvation which was also used by

Matalas (19670,

o o= 4 d + B oe
i 1-1 1
where
-1 -1
&= M M 5 BR* =M - M M [
1 v} @ 1 @ 1

-
o



i 12 13
M = rEl 1 el
@
31 r3E 1
r(l1y w12y r(13)
Moo= rl21)Y  vi22) r{23)
i

r{3Z1)  r 32 r(33)

rij is the cross correlation between the 1 th and J4 th
variable, riid) is the cerial corvelation with log-l betwesn
the i th and J th variable.

Therouah exvtensive analyses and tests of & large

numbher of locationss Richardson (19832 showed that seasonal
and spatial variations in the correlation coefficients were
smallys and therefors used the averags values to detins M

&
and M matrioes.
1
1 Wi 33 @A 186
M = @B, 6H33 1 @, 193
@
@, 188 —@. 193 1
B.ézl @ 445 @. a87
0y
M = A.5&3 B &7T4 -3, 106
1
7,015 —~{f. @91 @.251

& anc b mﬁ%%fhtmeh£whwﬁﬁeiﬁégﬁﬁﬁﬁ*”“ matrices. can _then be

onsicered as constant maivrices wittetementes

iy




@B.567  ©.086 -~ BEe
&= @, w53 3. 5@ —@. @58
. Q06 — . 3% 1 JENEEORE
@, 781 @ @
o= @ . 328 @.&37 @
@, 238 @, 34l . B.873
Thus o can be calculated from vesterday residuals, d' y
and +h;4§jﬁﬂQ§Wd normal rancdom deviates, e - ngetheimiith
; and © generated from the fitted FOUPl;P Sepries, daily
i iJd
values of the thres weather variables X can be generated

1
from the sauation shown above.

Fecentlys Richardson and Wreight {1984 developed a
computer program. CWGEN? for their weather simulation modsls
with few minor modifications. M Markoy Chain - gamma model
was installed for generating precipitation data and
capfficients of variation instead of standard deviations
were titted by the Fourier Series. Thus daily weather valuas
are computed by,

Where O im the coefficient of variation for the 1 th day
id
of the J th variable and is eztimated from the fitted

Foarifar—series—model

In addition, several model parameters used 1n
zimulating temperature and solar radiation were substituted
by constants. For instance, the positions of the harmonic in
the Fourier series were assumed to be =A@ days for



temperatuwre and 172 days for solar radiation. These
simplifications further reduced the number of parameters
required in the simulation model. Put the validity of an
application to locations other than in United States remains

to bhe tested.

= 4 Larsen and Pense’s Model ( LPM D)
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The report of Larsen and Pense (1981} was
subseauently published as a paper in 19784 In the report,
these authors presented another version of the general
approach which was adapted by the previous workers on
storhastic simulation of the weather variables.

Precipitation is generated by the Markov chaln —gamma
model and other weather variables, maximum temperatiulre,
minimum temperature and solar radiation were generated basead
on the condition of the rainfall status af the dag.
Temperature means were generated from a fitted three
parameter sine curve. A daily deviation value was obtained
from the relationship OF todag s temperature :
maximum temperature which were assumed to follow a
bi~variate normal distribution. A dailu temperatura value
t { represzents either the maximam or the manimum

i
temperature of the i th dady 1 om ledyewwn 365 ), was then
computed by adding the deviation (d ) to the mEan(t 7

i 1
o= ot 4+ d
i 1 i
whare
t = GIM [ (i - @) @#Fi 4 36% 1 C + C
i 1 (]
and
- — s 1/%
d = d+ 5 r (d¥ — d¥)y / 6% + 2§ ( 1 - v )
i 12 i 12
d i= the deviation, (t ~ t )., with & monthly mean ds and &
i i 1
— 4 anderd deviation H. d % represenis @l1TREV the deviation of
i
previous day maximum temperature ( il.e. d of the maximum

i—1



temperature ) ar present daw temperature (i.e. 17 d  is the
i
deviation of cuwrrent magimum temperatures then o ¥ is the
i

deviation of curvent minimum temperature or vice versa)
deperiding on which one has stronger correlation with d .
— i

d¥ and S¥ are respectively the monthly mean and standavd
daeviation of di#*. r12 is the corvelation between di and
d #. Z is a standard random normal deviate. All calculations

i
werae hased on the rainfall status within a month, i.e.
zeparate models were fitted for wet and dry days and for

each month.

One difference betueen LPM and RM is that monthly
standard deviations were used in simulating d s 1n LPM.
i
while daily standard deviations (or cosefficients of
variation) were used in RM. also LPM did not include the
corvelations between salar radiation and temperatures in the
model as RM did. In anealyzing solar radiation data, Lavrsen

and Pense found that the distrifdtion of the—actusi——suts
radiation data was skewsd in the negative dirvection on dry
days and in the positive dirvection on wet daus. The
gvplanation they offered was that on dry dauvs there was a
praponderance of observations approaching the clear day
maximum amount possibhles but there were also many dry coloudy
daus where solar radiation valuss were velatively low.
Menoe, with an wpper limit on the maximum amount possible
and & lower limit & long waw from the mode resulted in a
negative skoew. On wet davs, the largest number of
nhservations tended to be neaver to zero than the mastimum
clear daw radiation but since some wet daws had a relatively
short period of cloud cover, observations approached the
upper limit which resulted in the positive skewuness. (In
discussion section 3.3, we will suggest & possible waw to
examine these conditions based on interpetations of monthly

MEANSE) .

In an effmw? to cope with the skewness of the data,
they proposed to use a Gamma function for dry daus and a
Beta function for wet deays. That iss for the dry days, solar

radiation was transformed fivset by the following sguation.

Xy = ( X = X ) -~ mint X - X ) + 3

=R MmAMN

X is the calculated maximum
max

where X is solar radiation,
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v o

=olar radiation for a clear day and mint( X - X1 is the

) may
minimum of the difference. The fnumber 3 1s added to make
zure that the lower limit of the transformed data 1%
strictly greater than zZero. Parameters of the Gamma funcition
are then estimated from the obzerved t(X) and they are used
to generate new values of +(X) for a given day. The solar
radiation value, Xy can then hbe computed from the above
equation. For wet days, data were subjsct to the following

transformation,

tix)y = { X — X ) /X -~ X 3
min ma min
whers ¥ is the solar radiation, X anc X are
min ma

respectively the minimum and mayvimum solar radiation values
within a month. These data are used to estimate parameters

(p angd a) of a Reta function

tedebo o T fp 1) 4+ T (a, 1) 1

arid

- .

i
jam]
~
ek

¥
+
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!
i3

—

-t

H
~+
L
N
in

|

Whers t and % are mean and standard deviation of tiX)
respectively., and T(#, %) represents the mathematical gamma
furction. In simuelation, parameter pctimates p and @ are
vsed to generate Bip,a) which is t(X), and X can be computed
in the original scale by reversing the transformation

formula.

SIMULATION RESULTS AND DISCUSZION
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amomg the four models that we have reviewed, RM and
LPM are the most thoroughly tested ones. [hera are
zdvantagesz and disadvantages between EM oand LPM. LPM will
probably produce better amlar radiation data but ragquires

conmlderablE*mur@uparame%e&%rﬂﬁh&ﬂt@mmﬁ&iﬁiﬁan Rpelte

L-thet

nomberof--paraneters—that neEeds to be esftimated in FRrT—amd

LEM in order to generate ong d4ear datas for a location are
shown in table 3.1,



Table 2. 1 Number of parameters that nesds to be estimated
in simuwlation of one year weather variables

Variable R 1

Maximum temperatures
Sinusnidal cuvve for mean 3 &
for variation = oy

Minimum temperature

Sinusnidal curve for mean = &

for variation =2 =4

Solar radiation : 1 48

Frecipitation

Transitional probability =4 iy

Gamma function = s
CGther meanss variances and

- 1&&

correlations

ot vt emnte 4 Hores Sk seath wrem ShTen v oot ey POt Yoot Lo oo Ve Sered et P St S Vet St S T R e

total 58 G

Of the parameters, acourate and reliable sstimates of
transitional probabilities of precipitation are most
difficult to obtain. All authors in weathey simulation
models stressed the point that a long series of historical
data i1z required to provide reasonable estimates of these
propbabilities. For instance, Richardson and bright ©1984)
ztated that at least 20 years of precipitation and 18 years
of temperature and solar radiation data are veaguirved to
accurately estimate the model parameters nesded to generate
repreasentative weather data Tor a locatiorn.

From the simulation results presented in RM and LPM
paperss we feel that the difference betwesen them in terms of
goodness of fit is small. Since RM 15 somawhat more general
and easier to apply, we chose RM to perform the analuses and
simulation of the weather date at Wageningen and Los Panos.

3.1 Wageningen data

I WL 19 ot Waoeningen

Ten gears westher—dartat

were-available for-the analyses, RiChar O8O S Program Hes

installed on a VaX machine at CAPO and modified to provide
summary statistics of the raw data and the simulation
results. The program is listed in section %H.



Pased on the monthly averades of the last 1@ years,
Athe highest temperature during a year occuwered in July and
the greatest solar radiation occurved in June. These
conditions seemed to fall in agreement with Richardson’s
analuzes of the thirty one lacations in The United States.
Thus the assumed positions of the harmonic in the
temperature and solar radiation cosing CUurves were
appropriate for the weather pattern of Wageningen. The
maximum total radiation which depends on orly the latitute
of a location and the date in a ygears Can be calculated for
a clear day by a proocedure described by Goudeiaan ( 1977).
The percent solar radiation received at a location and a day
can then be obtained by dividing the actual solar radiation
by the computecd meaximam amount and mualtipling it bu 109, At
Wageningen, it ranged from a 34% in December and January to
a 55% in August. [t is interesting to netse that the sum of
the percent radiation and percent wet daus 1n a month 1s
approdimately 106 for all months. Thus an almost perfect
rompensational relationship evists between these two

variables in Wageningen (Table IR

The variations hetween years e]xpressed as

coefficients of variation (GV) tend to be smaller in months
otrer than in winter (Table 2,.3). For example, the (V7s for
fhe madimam temperature were less than 187 from april to
October but were greater than 34% in December, January and
February. The extremely large oY'a in winter months tor the
minimum temperature, howaver, were artificially inflated
hrecadss temperaltures were expressed in degree Celsius, which

were close to zevro in winter months.

Table 3.5 Obszsrved monthly averases of the percent wet daus
ard Tthe % solar vadiation received at Wageningen

menth vowet day voamplar radiation AN
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For all three variables, mavimum and minimum
temperaturesy and solar radiations there definitely exist
certain smoothy seasonal patterns among the monthly means
and the monthly CVs® | s@a Table 2.3 ). These patterns
support that Richardson’s approach in using Fourier Series
models to reduce the number of parameters in simulation is a

reasonable one.

Table 3.3 The observed monthly averages and coefficirents of
variation for maximum and minimum temperatures
(C)y and solar radiation (J/cmZ/day) at Wageningan

Max-Temparature Min—Temperature Solar—~-Radiation
MONTH MEARN cY ME AN () ME AN cy
1 4,9 @A.5% @ .3 7. 1@ T I | @el5
= i TS @. a4z @ 7 2.4l 459 . & @.17
3 2.9 . lé& L& 1. @& T4y, B @17
4 2.3 @. B wal B. 546 13@2. 9 @. 13
5 1408 @. a9 &l @.13 1é19.1 @17
& 19.9 @. o 9.9 @.a7 1688.8 W. 13
7 R @18 11.7 @. @9 161941 @l
£ 3 7. A9 1i1.5 G.@ay laas, 2 .1z
7 18.7 @, a7 Db @. 11 YEE.5 [V
1@ 13.9 @Yy a4t @, 2z 557 .4 . ly
i1 9.0 h.13 Bl .47 27H.7 Fa 1@
1z 5.3 @.34 .3 & Bé 174,88 @, 17
yearly 13,3 5.l gas. 8

Simuwlations were run ten times to produce reswlts
that would be comparable with the actual data. On the
monthly meansy simlated temperatuwres were 1t close
approdimation to observations., For sclar radiations there
was about 10% overestimation in summer and abouwt S@%
underestimation in winter. Thus expressed as percent solar
radiation receivedy the overall ygearly measn for simulation
was smaller than the actual mean (@.42 versus 0.448) even
though the total amount was greater for the simuiation
(243, 4) than for the actual observation (¥26.8).

The less satisfactory result in simulation of solar
radiation is partly & reflection of the fact that lass
estimated parameters and more assumed constants are used un
the model for gensrating solar radiation than for generating
temperatures. In order to provide a visual evaluation aof the

__ —pertormance of—the—simudation —UiE

alec plotted the simulated

means—with two standard erra

with the range values of the 1a%t ten Jeavs., hese plots
were shown in Figures 3.1,3.2y and 3.3 for the maximum
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temperature,y minimum remperature and solar radiation
respectively.
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As can be seen from these figuvwag’generallg speaking
overestimations tend to ooour in the fivst half year and

underestimations in the second half vear. But all of them
it bt e range limits. The errors of the simulation

LI S L

ueuld produce trighe Frerack—atms—and_greater tntal solar

radiation in & ©rop growing season. The concaquence of —sweh
errors can be evaluated by crop arcwth models.
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3.2 Los Panos data

Twenty five vyears daily weather data in Los Panos
(1959 - 1983) were available to us for analysis. These data

were arbitrarily divided into two periodsy 19959 -~ 1970 and
1971 - 1983 so that separate analuses could be performed on

them and the difference between the periods could be
evaluated. The overall averages of the several maldor weather
variables are shown in table 3.4 for the two periods.

Table 3.4 Overall yesarly averages of the several weather
variables in two periods.

Saeet H4set e b SrVER M o bt St Sovhe (mbns $009 o S 0804 ) Shtbe S St b et SRS e e st At ST o ot ot b St eeth e M A e pornt A4S e Sttt St s Sm preen v o P o TeV Moot Sovmt S84 Forss Aoers b Sar o Tove bt

variable 19591970 19711983
wet dadus 177 175

rainfall (mm) 191@4.2 2hee. Y
maximum temperature () 31.3 31.5
minimum temperature (C) 2.5 2B
solar radiation(Jd/cmi/day) 17591.4 1659 .5
% solar radiation b4 &l

Rt hs . At the same time the fraction solar radiation

On the averages the second period appeared to have 153 —mm
more rainfall and 922 J/omZ/day less solar radiation than the
first period. However these differences are relatively small
with respect to the vearly variations. The smallest within
month between wears CV for the amount of rainfall was 47%
and for solar radiation was 74 (Appendix A.Zy and A.32). Thus
no statistical significance may be declared.

The percent raining daus in Los Banos was less than
@Y from February to April and was greater than 5@% from
Juneg to December. The amount of precipitation was less than
H omm peyr wet day between January to epril and increased to
move than 10 mm per wet day from May to November. Due to the
typhoon which usually occurs in late summer or fally the
total amount of precipitation could be ten times greater in
these months than in spring. Thus there is clearly a dry
season from February to April and a wet season Trom May to
November. Heavy showers in summer seem to be the dominant
character of rqinfall in Los Banos. Also the rainfall
pattern appears to be one important factor which influences
the fluctuations of temperatuwre and solar radiation among
gears in Los Banos. The difference between the maximum and
minimuwn temperatures decreased from an average of 1@ degree
C in dry months to an average of 8 degree € in the wet

received-onr-earth—decreased from 71% _or higher to 604 or

less,
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Unlike Wageningen where monthly averages of the
percent solar radiation were mostly less than 55%, the
average monthly solar radiation in Los Panos was always
greater than 5@%. The negative correlation between the
percent wet days and the ratic of solar radiation was not as
strong as that of Wageningen, probably due to the fact that
part of the wet days are alsn partly clesr daus.

The highest temperatures normally occur in May before
the wet season beginsy and the greatest solar radiation
received usually ocours in April. These characteristics
suggest that the assumed constants of the positions of
harmonic of the cosine Curves in Richardson’s program are
inappropriate for Los Ranos. The results of simulation are
plotted against the observed monthly means (1959197 data)
and are shown in figures 3.4 to .6, Obviously there are
misrepresentations of the simulation.

Los Banos

e Simuliation
PT [_ ome—— Qbservation
24 .
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w
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N
N
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Maximum temperature °C
W
N
T

» Simulation
6 « Observation

Figure 3.4 Mad.Temperature

1 |
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Gimulations were then re-runned by addiusting the days
ta the peaks which are 147 days and 112 days respectively

wre- 3.6 Solar radiation 418 J/emy/
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A11 simulations

for the temperature and solar radiation.
as the number of

were carried out with equal number runs
years of the data from which model parameters were

eatimated. Results for bath periods of the new runs with
corrected position of the harmonic were shown in figures

%.7a to 3.8b.
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Slight improvements were made in thase new runs. Two
points shouwld be made about these results. First, there are
little differences betwesen monthly averages of the two
periods (Appendix A2 and 4.3). Second, simulation results
overestimated the means in January, February and March, and
underestimated the means from August to November for all
three weather variables particularly noticeable for minimum
temperature. Obviously, the stable minimum temperature from
May to September at LLos Panos doss not follow a simple
sinusoidal pattern as assumed in the simulation program.

In Richardson’s program there is an option for
corrections of the simuwlated outputs based on the actual
monthly means. Either a ratio or a difference betwesn the
simuilated or observed means will be used as an adjusting
factor to correct daily output values. By doing sas. the
output monthly averages wouwld be nearly identical to the
actual monthly means. This however was not dones since the
performance of the general model is of more interest to us
than the artificial corrvection mechanisms.

3.3 Discussion

The greatest advantage of RM in comparison with other
moglels iz that RM utilizes the seasonal trends which exist
in the daily means and coefficientes of variations. These
statistics are calculated from data between years but within
daysy and the cosine curves are ftitted to account for the
zeazonal changes. By doing so not only a large reduction in
the number of parvameters reauired in the simulation model is
achieved, yesarly variations are also included in the
gimilation. Thus a generation of one dYear’s weather data
will represent a possible random year.The average of several
simuilated years will give an idea of the long term average
or a ‘normal’ year of a location. Larsen and Pense use
monthly variances which are calculated from datae pooled over
years and days in a month. Since no seasonal trends are
congidered in LPMy and all monthly sstimates must be used,
considerable more parameters are reaquived in their
simulatian\modelgn

In an effort of further reducing simulation
paramaterss Richardson substituted many parameters in his
model by the average valuesy, obtained from analy=zing the
weather data of thirty one locations in United States. This,
howevey s seems inappropriate for locations such as Los

banos. Larsen _and Fense, on the other hands assamed tew e

constants in Heiv model . Thus the—availability—ot long term —
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hHistorical data for model—-parameter estimation is a
prerequisite for an epplication of this simulation model.

3.32.1 Model development with respect to available data

6 frequently asked aquestion by users of weather
csimulation models is how many dvears of weather data are
reauired to employ the program to simulate weather variables
for a location. Of course the answer depends on the number
of parameters used to define the model and the procedure
used to estimate and to test the model. Ideallw, different
models with various levels of accuracy and sophistication
are developed according to the amount of available data.

If long-term, historical daily weather information 1s
availahle, then simulation models may be constructed without
much concern fFor the number of parameters or computational
steps involved in the model since the available computer
power is rapidly becoming unlimiting to most scientists or
research institutes. Perhaps the models should be flewible
and need not be standarvdized. Programs can be developed with
the capability of searching for the hest available models

hased oOn a set of criteria and data Titting procediirEs. For
instance., the order of the Markov chain can be determined
rumerically, and tests should be performed to select the
heet fitted model among alternatives such as negative
hinomial models. All possible seasonal trends exigting 1n
the data, whether desarly or monthly, should be incorporated
in the model for mean predictions. Deviations from the means
can be approdimated from the relationships between weather
variables or betwusen times. Cross-correlation and serial
corralations can be computed and adapted for specific
locations. The distributions of the residuals may be
characterired and fitted by various theoretical probability
functions such as normaly gamma, beta, weibull etc. t o
determine the most appropriate one for the random component
generation. In other wordsy if long—-term data are available.
the simulation program could be composed with a collection
of many criteria and procedures. Specific models can then be
selected and paramgterized by the criteria to perform
weather simulation for that location.

on the other hand, 1if long-term, daily weather values
are not in existence or only monthly data are available
can weather simulation be pertormed for a location bhased on
only summary information or monthly means? How accurately

From—momrtrbe—sammardesi-A—model represents a synthesized

description of certain knowledge or a covidensed form of &
set of raw datas and is characterized by feuw parameters., If
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we can understand how a set of data points can be described
or summarized by few parameters of a model, perbaps it i

possible to transform certain monthly information into the
model parameters. In areas such as many developing countries

where detailed weather data are scarce, this type of
approach can increase the usefulness of the limited data

considerably. The problem of how weather simulation models
can be constructed without using daily values deserves
further research.

3.3, Gensration of extrems weather conditionms

st s gy s ek vt 4 oa ko a4 o 4 s nee e e 58 02 o s At e 4488 et ok e o e 41 600 S S0 ek S S0 B 9795 o0 St o0

For purpose of risk assessment or production
avaluation: sometimes the generation of possible extreme
weather conditions for a location may be desirable and can
be an interesting topic for future research. Depending on
the objectives and requirements of & studd, the definition
of extreme conditions may be different. Apart from the
defimition. problems, the genervation of extrems dry or wet
years that are realistic for a locationy may be approached
By the following several waus.

One appyoach is to use the weather simuwlation models

to genevate data for & lavge number of —wes & y g
Thens based on the overall yearly means or certain monthly
means o select the edtreme conditions as desired.

The sscond method is to manipulate the model
parameters to generate editreme conditions. This approach
Fowsvers reauires an understanding of the aquantitative
relationships betwesen the models parameters and the
simulation reswltsy as well as the possible realistic
parameter values for a location. For anstance, wse have found
that a 18% change of the transitional probabirlities would
more o less inorease oy decrease about 1.5 vaining days.
(Heng et al.y 19890, and the historical information in
Wageningen revealed that a seven daws deviation from the
average wet daus in a month would approach the edtreme
conditions., Thus by adding ovr subtracting 8.3 from the two
transitional probabilities, from a dry day to & wet day and
from a wet day to wet daysy one would respectively obtain an
extremse but still representative wet or dry month for
Wageningen. The other weather variables all depend on the
rainfall conditions and therefore would also be increased or
decreased according to the number of wet days 1in the month.

The thivd method is to gensrate an empivical
=————ghjeteibution function for each of the model parameters by

e Momte—Carto—technique. That is, simulations are =
parformed repeately to provide data for rvrenswed pacameter
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estimations. Suppose twenty years data are used to estimate
the parametersy then multiple sets of twenty dears data are
generated and =ach set provides the basis for pstimation of
the parameters. This process can continue untill the
diztributions of the parameters are characterized. One can
then eelect parameters for simulation with specified
canfidence levels of drgness or wetness of a month or a
year., 10 Uuse this method, the simulation program must
includs parameters of wearly variations in the generation

model.

2.3,0% Monthly fraction solar radiation and pareent dry daus

e
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We have mentioned previously that there seems to
avist a neagative association between the percent wet daus
ard ratio of solar radiation received on earths or &
positive correlation hetween % dry dags and the ratio of
=olar radiation (Figure 3.9
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raraltet-—to—the ratio-of solar yadliation 5y fa—chrg—day

MEANS 1007 SR and a wet day means @y R«
Newmally solear radiation ranges only between 2@% and (510 A I
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& question is what does the discrepancy of these tuwo
variables represent? Buppose that we will call the “ER not
received at a dry day the, partial cloudiness of the dry dads
and the %SR received on a wet dau the partial clearness of
the wet day. Then, Some interpretations may be deduced by
partitioning the monthlu %8R according to dry and wet days

that is.

Y dry daus - 4 SR

= v dry days ~ [ ( %8R at dry days) (% dryg dags)
(v SR at wet days) (4 wet days) 4

= (1 -~ % SR at dry days) (4 dry days}

- (% SR at wet days) (% wet daus’

= monthly partial clouwdiness in dry days -~ monthly
partial clearness in wet dads

\

Thus the difference beltween them measures the difference of
the partial cloudiness in dry days and partial clearness 1n

s R R W.——mr—:m-l- dew cdaws and

wet Oaygs we L gnted reErsy
percent wet dauys in the month. If the difference 15 small
arnd the number of dry daws ie about the same as the numbey
of wet daus in a month which iz the case of april to June at
Wageningen, then ong maw conclude that the two partials have
aboult the same value . that is there is about HE cloudiness
i vy days and 5@Y clearness in wet days.

Aalsoy wiven informetion of one partial conditiomns, the
2o, For edample in éApril at Los

othar partial can bhe wetimat
Banosy the percent dry dau was &3 and % DR was TE. A
rmula gives the following

rearrangement of the above o
mouat 107,

woR at dry daw =1@@(7Z 7 iy o~ (17 / 83)(4 SR at wet day)
= fd. T o~ BLE@EB L BRoat wet days)

Thus, % SR at dry days 1in April ranged betuwean 7@ and 83%
For 80% and 0% SR at wet daus. 1f %“SE at wet days was 0%
theny, Y% SR at dry daws was about 77%. Or there was S@7%
clearness in wet dabis, and 3% clouwdiness in dry dads 1in
April of Los Fanos.

The large OITTEVENCES Fetoeen —the—percert o= aekan

radiation and the wwru@ﬁ%ﬁﬁﬁwﬂ%ﬁ—ﬁayavlnﬁLDEWM@DQE CFIgTYTE

= ) raflect the differences between the two partialss the
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cloudiness in the dry days and the clearness in the wet
daus. In other words to says therse are only small partial
cloudiness in the dry days but large partial clearnass in
the wet daus fovr both dry and wet seasins in Log Ranos. The
smaller p@wﬁ@ntageskmf the salor radiation 1in Gummer and
Fall than in Spring are due to more raining days in those
months. Thus the difference bstuween the percent salor
radiation and the percent dry dads gives an indication of
the tupe of cloud and the rainfall intensities of the area.
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5. PROGRAM LISTINGS

CXMKHKKR KK KKK K KR HRKK KRR R RRHRHHEKKIIH KK IHH KKK K HHKKHEEKHEHKHKHHHKRRHHIRHHHHHKKIREEIHIHHHHHHKKKIK K
ORIGINAL PROGRAM BY RICHARDSON
REVISED BY I. SUPIT

(
C
C
C THIS PROGRAM ESTIMATES THE PARAMETERS WHICH ARE USED IN THE SIMULATION
C PROGRAM 'WEATH.FOR’. THE DATA FILES CONSISTS OF ACTUAL DATA. ALSO A
C SUMMARY OF THE ACTUAL DATA IS GIVEN IN OUTPUT FILE ’SUMMAR.DAT'.
C THE ESTIMATED PARAMETERS ARE GIVEN IN OUTPUT FILE 'OUTWGEN.DAT’.
T30 3 363 30 H 36 X 3 J 36K H 6 KM KK NI KK H K H KM RN KK H KN N HHIKR NN RN KW HHRHE R KRN KR HHKH KR KR KK HIKH KR KRR KK
DIMENSION TMAX(20,365), TMIN(20,365),RAIN(20,365) ,RAD(20,365)
DIMENSION RA(20),RTO(20,3B85)
DIMENSION RC(365)
DIMENSION XDATA(30),YDRTA(4,12)
CHRARACTER%30 INPNRAM

TYPE 90

90 FORMAT(’ HOW MANY YERRS OF DRTA? ',$)
RERAD(-3,81) NYRS

a9 FORMAT(I2)

TYPE 85

85 FORMAT(’ STARTING YEAR=’,$)
REAN(-3,86) LSTART

86 FORMAT(1I6)

TYPE 82

92 FORMAT (' NAME OF INPUT FILE ',$)
READ(-3,33) INPNAM

53 FORMAT (A15)

TYPE 94 ,

94 FORMAT(' LATITUDBE= ',$)
READ(-3,85) ALAT

95 FORMAT(F5.1)

Do 1 1=1,30
XDATA(I)=0.0
1 CONTINUE

no 2 I1=1,4
na 2 J=1,12
YDATA(I,J)=0.0
2 CONTINUE

C CALCULATE MAXIMUM SOLAR RADIATION FOR ERCH DAY

XYRS=NYRS

XLAT= ALATXE6.2832/360

DO 6 I=1,365
XI=1
SD= 0.4102%5IN(0.0172%(X1-80.25))
CH= -TANCXLLATI*TAN(SD)
IF(CH.GT. 1.0) H=0.
IF(CH.GT. 1.0) GOTO 5
IF(CH.LT.-1.0) H= 3.1416

- IF(CH.LT. =10 GOTO'S

H=ACO05((H)

5 DD=1.0+0.0335%SIN(0.0172%(XI+86.2))
RC(1)=889.2305%DD%( (HX¥SINCXLATI*SINCSD) )+ (COSCXLATI*COS(SD) %
$ SINCH)))
RC(I)=RC(I)*0.8
6 CONTINUE
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WRITE(20,707)

707 FORMAT(///,20X,' INPUT CARDS FOR THE WEATHER GENERATOR ARE AS
$ FOLLOWS--------=~---- AR
WRITE(20,403)
403 FORMATC/ /1)
WRITE(20,513) (YDATA(1,J),J=1,12)
WRITE(20,514) (YDATA(Z2,d),d=1,12)
WRITE(20,515) (YDATA(3,J),d=1,12)
WRITE(20,516) (YDATA(4,J),d=1,12)
513 FORMAT(5X,’ INPUT # 3 ---- PW/W) ----’,12F6.3)
514 FORMAT(5X,' INPUT # 4 ---- P(W/D) ----',12F6.3)
515 FORMAT(SX,’ INPUT # S ---- ALPHA  ~----',12F6.3)
516 FORMAT(S5X,’ INPUT # 6 ---- BETA -—==',12F6.3)
WRITE(20,400)
400 FORMAT(// /1)
WRITE(20,701)
WRITE(20,501) XDATA(01)
WRITE(20,502) XDATR(02)
WRITE(20,503) XDATA(03)
WRITE(20,504) XDATA(04)
701 FORMAT(SX,' INPUT # 7 ----",/)
501 FORMAT (15X, ' 1 TXMD --=-- ' ,F10.3)
502 FORMAT (16X, ' 2 AaTXx ---- ',F10.3)
503 FORMAT(15X,’ 3 CuTX ---- ',F10.3)
504 FORMAT (15X, "’ 4 RCVTX ---- ',F10.3)
WRITEC20,702)
702 FORMAT(//,5X," INPUT # 8 ----",/)
WRITE(20,505) XDRTR(0S5)
505 FORMAT(15X,’' 5 TXMW ---- ' ,F10.3)
WRITE(20,703)
703 FORMATC(//,5X," INPUT # 8 ----',/)
WRITE(20,508) XDATAR(03)
WRITE(20,507) XDRTAC10)
WRITE(20,508) XDATA(11)
WRITE(20,508) XDATR(12)
506 FORMAT (15X, "’ B TN --== ' ,F10.3)
507 FORMAT (15X, ' 7 ATN ---- ' ,F10.3)
508 FORMAT(15X,’ & CVTN ---- ' ,F10.3
509 FORMAT(15X,’ 3 RACVTN ---- ',F10.3)
WRITE(20,704)
704 FORMAT(//,5X," INPUT # 10 ----',/)
WRITE(20,510) XDATA(13)
WRITE(20,511) XDATA(14)
510 FORMAT (15X, ' 10 RMD ---- ',F10.3)
511 FORMAT (15X, ’ 11 AR ---- ',F10.3)
WRITE(C20,705)
705 FORMAT(//,5X,’ INPUT # 11 ----',1)
WRITE(20,512) XDRTR(17)
512 FORMAT (15X, ' 12 RMW ---= ',F10.3)
WRITE(20,600)
600 FORMATC’ 1)
CLOSE(20)
STOP
END

SHBROUFINE—FBURIB--XM-SB-EU--XBRTA)

DIMENSTON XMC13),50013), CV 13
NIMENSION XDATA(30)
DATA JCT/0/

5=0.
51=0.
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OPEN(UNIT=11,5TATUS="0LD’ ,FILE=INPNAM)

DO 7 I=1,NYRS
CRRRRERHERRRREREEERERE SRR RRERRREEHEERRRKKHH SRR H KRR EHKRK KR RHK KKK KKK
C INPUT MO,DRY,YEAR,MAX TEMP,MIN TEMP,RAINFALL ,RADIATION
T KNI KK KK NI HHHH K KKK KK HHHK MK NI HKRHK KKK NN HHKKRHHHHRK KKK KKK HHH KKK KKK

READ(11,900) (TMAX(I,J),d=1,365)
READC11,301) (TMINCI,J),d=1,365)
READ(11,901) (RAINCI,J),J=1,365)
READ(11,301) (RADCI,Jd),d=1,365)
7 CONTINUE
CLOSE(11)

Cx%CONVERSION TO FAHRENHEIT AND LANGLEY¥%
C LOS BANOS RADIATION DATA ARE IN J/CM2/DAY
C WAGENINGEN DATA ARE IN J/CM2/DAY

DO 8 I=1,NYRS

DO 8 J=1,365
TMAXC(I, D =TMAX(I, N*3/5 + 32
TMINCI, )=TMINCI,JI®3/5 + 32
RAD(CI,)=RADCI,J)*0.233
IF(RADCI,J).6T. RCCJ) RADCI, D=RC(D
RTO(CI,J2=RADCI,JI/RCCJ)

- E=—PHASE-ANGLE-SHIFTED-BY-180-DEGREES

8 EONTINUE

300 FORMATC//1/1,37(10(F22.0),/))
301 FORMAT(//,37(10(F22.0),/))

CRREKNHNHKH R R KW AR KRR IR KK KRR KUK NKEEHKHKRHRKRHH KRR REH KX KKK

C SUMMARY TABLES
CRRHEREKEHHRRRRERHHRHHH MK HHNH KKK XK IR KRR KUK KR RRKRXKKKKRK K

CALL XSUM(NYRS,RAIN,TMIN, TMAX,RAD,RTO,LSTART)
OPEN(UNIT=20,5TATUS="NEW’ ,FILE='0UTWGEN.DAT')

WRITE(20,104)
104 FORMAT(//SX,’ MAXIMUM TEMPERATURE',/)
Cxxx¥¥% CRLCULATE TMAX PARAMETERS HHRKHK
CALL MSD(NYRS, TMRAX,RRAIN,1,XDATA)
WRITE(Z20,105)
105 FORMART (! 1’ /7//5%," MINIMUM TEMPERRTURE’,/)
Cxxxx¥ CPALCULATE TMIN PARAMETERS HHH XX
CALL MSD(NYRS, TMIN,RRIN,2,XDATA)
WRITE(20,106)
106 FORMAT(’ 1°///,5X,' SOLAR RADIATION’, /)
Cxxx%% CALCULATE RAD PARAMETERS KKK ¥
CALL MSD(NYRS,RAD,RAIN,3,XDATAD
WRITE(20,107)
107 FORMATC’ 1',//1,5X,’ PRECIPITRATION')
Cx¥x¥% CRALCULATE RAINFALL PARAMETERS  %*X%x¥%x%
CALL PPRAIN(RAIN,NYRS, YDATA)

T NG CHONGCER AN--OMPL T TS

~— NG
CT==HINDO T 3S3T0ONIUNRNOC OOV Animicorrootd

XDATA(02)=XDATAR(02)%(-1.0)
XDATA(04)=XDATA(04)%(~-1.0)
XDATAR(10)=XDATA(10)%(-1.0)
XDATA(12)=XDATA(12I%(-1.0)
XDATA(14)=XDATA(14)%(-1.0)
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52=0.
WRITE(20,200)
200 FORMAT(//,33X,*' PERIOD MERAN STD DEV V)

po 10 1=1,13
IF(ID.EQ.1 .OR. ID.EQ@.2) THEN
CXM=(XM(I)-32.)%5./9.
CSD=SD(I)%5. /9.
ELSE
IFCID.EQ.3) THEN
CXM=XM(I)*%4.184
CSD=5D(I)%4.184

END IF
END IF
WRITE(20,201) I,CXM,CSD,CV(I)
201 FORMAT (30X, 110,3F10.2)
S=5+XM(I)

51=51+50(1)
52=52+CV(I)
10 CONTINUE

XBAR=5/13
XBAR1=51/13
XBAR2=52/13

SUMA=0.
SUMB=0.
SUMR1=0.
SUMRZ2=0.
SUMB1=0.
SUMBZ=0.

Do 15 K=1,13

XK=K

SUMA=5UMA+ (XM(K) -XBAR)*C05(6. 2832%XK/13.)
SUMA1=SUMAT + (SD(K)-XBAR1)%C0S(6.2832%XK/13.)
SUMAZ=5UMAZ+ (CV (K) -XBARZ) ¥COS (6. 2832%XK/13.)
SUMB=SUMB+ (XM(K)-XBRAR) %SIN(E.2832%XK/13.)
SUMB1=SUMB1 + (SD(K) -XBAR1)¥SIN(6.2832%XK/13.)
SUMB2=SUMB2+ (CV(K) -XBAR2)¥SIN(6.2832%XK/13.)

15 CONTINUE

A=5UMA%(2./13.)
A1=5UMA1T%(2./13.)
AZ=5UMR2%(2./13.)
B=5UMBX%(2./13.)
B1=SUMB1%(2./13.)
B2=SUMB2%(2./13.)
T=ATAN(-B/A)
T1=ATANC-B1/RA1)
T2=ATAN(-B2/R2)
C=R/COS(T)
C1=A1/C05(T1)
C2=A2/C0S(T2)
WRITE(20,100)

T e ORMAT SIS X FOURIER-CBEFFTETENTS==MERN

IFCID EQ. T - ORID.EQ 2y THEN

CXBAR=(XBAR-32.1)%5./9.
CC=Cx5./9.
ELSE
IF(ID.EQ.3) THEN
CXBRR=XBARx4. 184
CC=Cx4.184



101

102

103

...35...

END IF
END IF
WRITE(20,101) CXBAR,CC,T
FORMAT (15X, ’ MEAN =’ ,F10.4,5X,’' RAMPLITUDE
' PHRSE =’,F10.4)
JCT=JCT+1
XDATR(JCT ) =XBRR
JCT=JCT+1
XDATACJCTI=C
WRITE(20,102)

=',F10.4,5X,

FORMATC(/,15X, ' FOURIER COEFFICIENTS--5TD. DEV.')

IF(ID.EQ.1 .OR. ID.EQ.2) THEN
CXBAR1=(XBAR1-32.)%5. /8.
CC1=C1%5./9.

ELSE
IFCID.EQ.3) THEN

CXBAR1=XBRR1%4.184
CC1=C1%4.184
END IF

END IF

WRITE(20,101) CXBAR1,CC1,T1

WRITE(20,103)

FORMAT(/,15X,’ FOURIERS COEFFICIENTS--CV’)

WRITE(20,101) XBAR2,C2,T72

JCT=JCT+1

XDATRCJCT)=XBARZ
JCT=JCT+1
XDATACJCTI=CZ2
RETURN

END

Cx%%xTHE FOLLOWING SUBROUTINE CALCULATES THE STATISTICS O0OF TMAX, TMIN, AND RAD
Cxxxx¥%%BY 28-DAY PERIOD OF THE YEAR AND FITS A FOURIER SERIES TO THE RESULTS.

SUBROUTINE MSD(NYRS,W,RAIN,ID,XDATA)

DIMENSION W(20,365),RAIN(20,365),XM(13),XM1(13),5D(13), SD1(13)

DIMENSION CX(13), CX1(13)
DIMENSION XDATRA(30)
D0 20 1 =1, 13

NF = I%28
NI=NF-27
XN = 0.
XN1 = 0.
SUM = 0.
SuM1 = 0.
55 = 0.
551 = 0.

DO 15 JD=NI,NF
DO 15 JY = 1,NYRS

IFCID .EQ. 2) GO 7O 11
IF(RAINCJIY,JD)I11,11,12
11 CONTINUE
XN = XN + 1.
SUM = SUM+W(JY,JD)
55 = §5 + (WaJY,JdDIxWaJdy, JD)y)
GO T4 15
12 - CONTINUE
KNT=XNT+1
SOMT = SU0MT + WCIY, JO)
551=551+ (WC(JY, JDI*WCJY, D))
15 CONTINUE
IF(XN  LE. 2. ) XM(I) = 0.
IF(XN  .LE. 2. ) SD(I) = 0.
IFCXN  LE. 2. ) CX(I) = 0.
IF(XN  LE. 2. ) GO TO 400
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XM(I) = SUM /7 XN
SD(I) = SART((SS5-SUMXSUM/XN)Y / (XN-1.3)
IF(XM(I) .LT. 0.001) XM(I) = 0.001
CX(I) = SDCIY /7 XMUD)

400 CONTINUE
IFCID .EQ. 2) 60 70 20
IF(XNT .LE. 2.) XM1(I) = 0.
IF(XNT  LLE. 2. ) SD1(I) =0.
IF(XN1T  LE. 2.) CX1(I) =0.
IF(XN1 .LE. 2.) GO TO 500
XM1(I) = SUMT / XN1
SD1CI) =SART((S551-SUMI%SUMT/XN1T) / (XN1-1.))
IF(XM1(I> LT, 0.001) XM1(I) = 0.001
CX1(1)=5D01CI)/XM1(I)

500 CONTINUE

20 CONTINUE
IFC(ID .EQ. 2) 60 TO 25
WRITE(20,100)

100 FORMAT (10X, 'DRY DAYS’)
CALL FOURCID,XM,SD,CX, XDATA)
WRITE(20,101)

101 FORMAT(/, 10X,’'WET DRAYS')
CALL FOURCID,XM1,5D1,CX1,XDATA)
GO TO 30

25 WRITE(20,102)

102 FORMAT (10X, 'WET AND DRY DHYS')

CALL. FOURCID,XM,SD,CX, XDATA)

30 CONTINUE
REBURN
E

Cxx%%¥¥XTHIS SUBROUTINE CALCULATES THE RAINFALL GENERATION PARAMETERS

Cx¥¥x%%¥USING THE MARKOV CHRIN-GRAMMA MODEL
SUBROUTINE PPRAIN(XRAIN,NYR,YDATA)

DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
CHARALTER
CHRRACTER
DATA DATE
PAULY L

XRAIN(20,365)

NWD(12) ,NDD(12) ,NDW(12), NWW(12)
SUM(12),5UM2(12),50M3(12)

SL(12) ,PWW(12) ,PWD(12) ,RBAR(12)
ALPHA(12) ,BETAR(12)
NW(12), IC012) ,5UML(12)
RLBAR(12),AL2(12) ,BE2(12)
PPPW(12) ,NDC12)

YDATAR(4,12)

*¥36 A(2)

¥4 DATE(12)

/'JAN.’ ,'FEB.’ ,'MAR.',’APR.’,'MRAY.’ ,JJUNE."’,
AUG.','SEP.','0OCT.’ ,’NOV.’,'DEC."/

DATA RA(1) /! "
DATA A(2) /'NOT ENOUGH DATA TO DEFINE PARAMETERS'/

Do 10 I =1, 12

NDCI) =0

PPPW(I) =0.

NWD(I) 0

NWW(I) 0

NDDCI)
NDW(I)

nonon

0
0

1t

NWCTI) =

~
(-

SL{I) =0

SUML(I) = 0.
SUMCTI) =0.

SuM2(I) = 0.
PWW(I) = O.
PWD(I) = 0.
ALPHACI) =0.
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BETACI)
SUM3CID
XYR=NYR
RIM1 = 0.

DO 20 J = 1,NYR

DO 30 K = 1,365

IF(K .GE. 001 .AND. K .LE. 031) M

o
(= N

0 =
IF(K .BE. 032 .AND. K .LE. 058) MO = 2
IF(K .GE. 08B0 .PAND. K .LE. 080) MD = 3
IF(K .GE. 031 .AND. K .LE. 120) MO = 4
IFCK .GE. 1271 .AND. K .LE. 151) MO = 5
IF(K .GE. 152 .AND. K .LE. 181) MO = 6
IF(K .GE. 182 .AND. K .LE. 212) MO = 7
IF(K .GBE. 213 .AND. K .LE. 243) MO = 8
IF(K .GE. 244 .AND. K ,LE. 273) MO = 3
IF(K .GE. 274 .BND. K .LE. 304) MO = 10
IF(K .GE. 305 .AND. K .LE. 334) MO = 11
IF(K .GE. 335 .AND. K .LE. 365) MO = 12

RAIN=XRAINC(J,K)

IFC(RAIN .GT. 0.00) NW(MO)=NW(MD)+1
ND(MO) =ND(MO) +1

IF(RAINY 5,5,3

IF(RIM1)2,2,4

NWD(MO) =NWD(MO) +1

GO TO 6

-

AWB) _P"‘HMIMH\ A
T = wWrho Ty

[

NWW® N0
o0

CONTINUE -

SUML (M) =5UML (MO) +BLOG(RRIN)
SUM(MO) =SUM(MD) +RAIN
SUM2(M0O) =SUM2(MO) + RRIN % RRAIN
SUM3(MD) =5UM3(MO) +RAINXRAINXRAIN
SL(MO) = SL(MO)+RLOG(RAIN)
G0 TO 8

IF(RIM1) 7,7,8
NDD(MO)=NDD(MO) +1

G0 70 9

NDW(MO) =NDW(MO) +1

RIM1 = RAIN

CONTINUE

CONTINUE

Do 120 I = 1, 12

XXND=ND(I)

YYNW=NW(I)

PPPWCI) = YYNW/XXND

IT1I=1

IFCNWCIY LT, 3) III=2
ICCIY = I1I

IFC(NWCIY  .LT. 3) GO TO 120
XNWW=NWWCI)

XNWD=NWDCI)
XXNW=NWWCI)+NDW(I)
XND=NDDCI)+NWDC(I)

XNW=NWCI)

PWWCT ) =XNWW 7/ XXNW

PWD(I)=XNWD/XND
RBARCI) =SUMCL) L XNW

RLBORCI) =SUMLCI)-LXNW

0.£.T

Y=ALOGCRBAR I )=RECBARCIY)
ANUM=8.898913+9.05395%Y+0.3775373%Y*Y
ADOM=Y¥%(17.79728+11.968477%Y+Y*Y)
AILPHAZ =ANUM/ADOM

IF(ALPHAZ .GE. 1.0) ALPHA2=0.998
BETRA2=RBAR(I) /ALPHAZ




120
201

202
130

400
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ALPHACI) =ALPHAZ
BETA(I)=BETA2
CONTINUE
WRITE(20,201)

FURMQT(/// 8X, ' --MARKOV CHAIN--' 18X, -GAMMA DIST-', /,
1X, ! MONTH PCW/W) Pcw/Dy ', 11X ALPHA BETR’, /)

DO 130 I = 1, 12

WRITE(20,202) DATE(I),PWW(I),PWD(I),ALPHACI) ,BETACI),ACIC(II)
FORMAT(1X,A4,F8.3,F10.3,11X,F11.3,F7.3,5X,RA36)

CONTINUE

D04004=1,12

YDATACY, ) =PWW(J)

YDARTA(2, ) =PWD(J)

YDATA(3, J)=ALPHACJ)

YDATA(4, ) =BETA(D)

CONTINUE

RETURN

END

SUBROUTINE XSUMC(NYRS,RAIN, TMIN, TMAX,RAD,RTO,LSTART)

DIMENSION CRRT(12)
DIMENSION RTO(20,365),ATRT(12),5DRT(20,12),5RRT(12)

871

8722

DIMENS&BN~IMﬂX&@OTSSSQTIMlNLZDTSBS‘ ROIN(20,365),RAN(20,365)
DIMENSION LANW(12),ATRAINC12) ,ATTMIN(12), ATTMAX(12) , ATRAD(12)
DIMENSION LBMUN(12) LEMON(12) ,5DRN(20, 12) SDTX(20, 12)
DIMENSION NW(12), SDR(20 127, SDWET(ZO 12) SDTN(ZO 12)
DIMENSION JRGWT(12) SRQRN(12) 5RDTN(12) JRDTX(12) SRRD(12)
DIMENSION CRQWT(12),CRAORN(12),CRDTN(12),CRDTX(12),CRRB{12)
DIMENSION DWT(12),QDRN(12),GDTN(12),GDTX(12),URD(12),DRTD(12)
DRTR DRTE /’JQN.','FEB.‘,‘MQR.','QPR.‘,’MQY.’,’JUNE.’

PJULY. !, ’AUG.’ ,'SEP.Y,'OCT.’ ,'NOV.’ ,'DEC. "/

DATA LBMON/1 32 60,381, 121 152 182, 213 244,274,305,335/

DATA LEMON/31,08 80 120 131 181 212 243 273 304 334 365/
CHARACTERx4 DATE(12)

OPENCUNIT=11,STATUS='NEW' ,FILE='SUMMAR.DAT')

DO 871 L=1,12
ATRAINC(L) =0,
ATTMINCL)=0.
ATTMAX(L.)=0.
ATRADCL)=0.
ATRT(L)=0.
LANWCL) =0

CONTINUE

DO 872 I=1,NYRS

DO 872 L=1,12
SDRN(I,L)=0.
SDTX(I,L)=0.
SDTNCI,L)=0.
SDR(I,L)=0.
SDWET(I,L)=0.

SDRT(I,L)=0.
CONT.INUE

STRAIN=0

S5TMIN=U.
STMAX=0.
STRAD=0.
LWET=0
STRT=0.
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WRITE(11,882)
882 FORMAT(’ SUMMARY OF THE ACTUAL DATA OF WRGENINGEN, 18975-13984')

D0 20 1 =
PYTMAX
PYTMIN

PYRAD=0.

NYWET=0

RYR=0.

PYRT=0.

KYEAR=L_START+1-1
WRITE(11,201) KYERAR
201 FORMAT(//,5X, 'SUMMARY FOR YERR’,IS,/)
WRITE(11,202)
202 FORMAT (' MONTH' ,2X,'WET DRYS',2X,’RAINFAL’,2X,’MAX TEMP’,2X
'MIN TEMP’,2X,’SOLAR RAD’ ,4X,'RATIO’,/, 18X,
tO(MM)Y !, BX, T CCY !, 7K, (C) ,BX, T (U/CM2/DAY) )

1,NYRS
=0
=0

.
.

o

DO 25 K=1,12
NW(K)=0
QRAIN=0.
QTMIN=0.
QTMAX=0.

QRAD=0.
QRT=0

DO 30 J = LBMONCK),LEMON(K)

IF(RAINCI,J).GT.0.0) THEN
NWCKY =NW{K) +1
LANWCK) =LANW(K) +1
LWET=LWET+1

END IF

ARAIN=QRAIN+RAINCI, J)
QTMIN=QTMIN+TMINCI, J)
QTMAX=QTMAX+TMAX (T, J)
QRAD=QRAD+RADB(I, J)
ART=QRT+RTO(I, J)

ATRAIN(K) = ATRAINCK) +RAINCI, J)
ATTMINCK) =ATTMINCK) +TMINCI , J)
ATTMAX(K) =ATTMAX(K) + TMRAX(I,J)
ATRAD(K) =ATRAD(K) +RADCI, J)
ATRT(K)=ATRT(K)+RTO(I, )

30 CONTINUE

NYWET=NYWET +NW(K)
RYR=RYR+QRAIN

AVTMIN=QTMIN/ (FLORAT (LEMONCK) -LBMON(K) ) +1)
AVTMAX=QTMAX/ (FLOAT (LEMON(K) -LBMON(K))+1)
AVRAD=GRAD/ (FLOAT (LEMON(K) ~-LBMON(K2)+1)
RAVRT=QRT/ (FLORT (LEMONC(K) -L.LBMON(K) ) +1)
AYTMAX= (AVTMAX-32.)%5. /9.

e _AVTMIN=(AVTMIN-32,)%5. /9.

AURON-QURANX S 154

HVINRD="VINHOAS T

SDRN(I,K)=0GRAIN
SOTX(I,K)=RAVTMAX
SDTNCI,K)=AVTMIN
SDR(I,K)=RVRAD




._40_

SDWET (I ,K)=NW(K)
SDRT(I,K)=RVURT

WRITE(11,203) DATE(K),NW(K),QRAIN,AVTMAX,RVTMIN, AVRAD,
$ AVURT
203 FORMAT(AS,3X,14,5X,F6.1,3X,F5.1,5X,F5.1,6X,F6.1,5X,F6.2)

PYTMAX=PYTMAX+AVTMAX
PYTMIN=PYTMIN+RAVTMIN
PYRAD=PYRAD+AVRAD
PYRT=PYRT+RVURT

25 CONTINUE
PYTMAX=PYTMAX/12.
PYTMIN=PYTMIN/12.
PYRAD=PYRARD/12.
PYRT=PYRT/12.

WRITE(11,205) NYWET,RYR

205  FORMATC(/’ TOTAL’,2X,13,5X,F7.1,6X,'__',8%,'__',10X,'__",
s ex,'_"
WRITE(11,350) PYTMAX,PYTMIN,PYRAD,PYRT
350  FORMAT(’ AVER.’,3X,’' _',10X,'__',3X,F5.1,5X,F5.1,5X,F7.1,
$ 5SX,FB6.2)
20 CONTINUE

WRITE(T7,867) NYRS
861 FORMAT(//,5X, 'OVERALL SUMMARY FOR’,I3,’'YERARS’,/,5X,
$ ' (RAVERAGED OVER THE YERRS)')
WRITE(11,862)
as2 FORMAT(’ MONTH’,2X,'WET DAYS’,2X,'RAINFAL’,2X, 'MAX TEMP',2X
'MIN TEMP’,2X,’SOLAR RAD',4X,'RATIO’/
,18X, 1 (MM)7,5X, ' (0),7X,' (C)’,BX, ' (J/CM2/DARY) ')

»

DO 863 K=1,12
STRAIN=STRAIN+ATRAIN(K)
STMIN=STMIN+ATTMINCK)
STMAX=5TMRX+ATTMAX(K)
STRAD=STRAD+ATRAD(K)
STRT=STRT+ATRT(K)

XYZ= 1/ (FLOAT(NYRS) % (FLOAT (LEMON(K)-LBMON(K))+1))
ATTMIN(K) =ATTMIN(K)I ¥XYZ

ATTMAX(K) =ATTMRX (K) ¥XYZ

ATRAD(K) =ATRAD(K)*XYZ

ATRT (K)=ATRT(K) *XYZ

ATTMINCK) =(ATTMIN(K)-32.)%5./9.
ATTMAX(K)=(ATTMAX(K)-32.)%5. /3.
ATRAD(K) =ATRAD(K) ¥4.184

LANW(KY=LANWCK) /FLOAT (NYRS)
ATRAINCK) =ATRAIN(K) /FLOAT(NYRS)

WRITE(11,864) DATE(K),LANWCK) ,ATRAINCK) ,ATTMAX(K),
$  ATTMINCK) ,ATRAD(K) ,ATRT (K)

SIS — FORMATCAS ;3% 145 6 XRS5, 3% F5 1, 59X FE 1 6X-F6-150X-F6<

863 CONTTINOE

STMIN=GTMIN/ (365%FLOAT (NYRS))
STMAX=5TMAX/ (365*¥FLOAT(NYRS))
STRAD=5TRAD/ (365%FLOART (NYRS) )
STRT=STRT/ (365%FLOART (NYRS))
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LWET=LWET/NYRS
STRAIN=STRAIN/NYRS

STMAX=(STMAX-32.)%5. /9.
STMIN=(STMIN-32.)%5./9.
STRAD=STRAD%4. 184

WRITE(11,865) LWET,STRAIN

865 FORMAT(/' TOTAL’,X,I15,4X,F7.1,8X,’'__’',8X,’'_'",10X,'_ ',
ax,’' _"
WRITE(11,866) STMAX,S5TMIN,STRAD,STRT
866 FORMAT(' AVER.',3X,’'__',10X,’__',3X,F5.1,5X,F5.1,6X,F6.1,
5X,F6.2)
WRITE(11,867)
867 FORMAT(///,' SUMMARY OF STANDARD DEVIATIONS'//)
WRITE(11,876)
876 FORMAT (! MONTH’ ,2X,'WET DRYS’,2X,'RAINFAL’,2X, 'MAX TEMP',K2X
'MIN TEMP’ ,2X,’'SOLAR RAD’ ,5X,'RATIOD)
Do 873 K=1,12
DRN=0.
DTX=0.
DTN=0.
BWET=0~
DRAD=0.
DRT=0.
SARN=0.
SADTX=0.
SADTN=0.
SARAD=0.
SQWET=0.
SXRTO=0.
DO 874 1=1,NYRS
DRN=DRN+SDRN(I ,K)
DTX=DTX+SDTX(I,K?
DTN=DTN+SDTN(I ,K)
DWET=DWET+SDWET(I ,K)
DRAD=DRAD+SDR(I,K)
DRT=DRT+SDORT(I ,K)
SAORN=SARN+SORN(I ,K)Y*SDRN(I ,K)
SANTX=5ADTX+SNTX(I ,KI¥SDTX(I,K)
SADTN=SADTN+SDTN(I ,KI¥SDTN(I ,K)
SARAN=SARAD+SDR(I ,KI*SDR(I ,K)
SQWET=SAQWET+SDWET (I ,K)*¥SDWET (I ,K)
SXRTO=5XRTO+SDRT (I ,KI%SDRT(I ,K)
874 CONTINUE

QDRN(K) =5ART ( ( SARN- (DRN*%DRN/FLORT (NYRS) ) ) /FLOAT(NYRS-1))
ADTX(K) =SART ( (SADTX- (DTX¥DTX/FLOAT(NYRSY)) /FLOART (NYRS5~-13))

ADTN(K) =SART ((SADTN- (DTNXDTN/FLOAT(NYRS) ) ) /FLORT (NYR5-1))
ORPLK)-=SARTA(SARRD-(IRANXDRANLELOAT.(NYRSI)).LELOAT.INYRS=1).)

LAY

QWT-EK)=SART- (L SAWET— (DWET*DWET/FLOAT CNYRS)))-LFLOAT.CNYRS=1))

BRTOCKY=SART (CSXRTO=(DRTXDRT/FLOAT (NYRS YY)/ FLOAT (NYRS=1))

SRARN (K ) =QDRN(K) /SART(FLOAT (NYRS) )
SROTX (K) =ADTX(K) /SART (FLOAT (NYRS) )
SROTN(K ) =ADTN(K) /SART (FLORT (NYRS) )
SRRD(K) =ARD(K) /SART (FLOAT(NYRS) )
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SRAWT (K) =QWT (K) /SART (FLOAT (NYRS))
SRRT(K)=QGRTOCK) /SART (FLOAT (NYRS))

CRARN (K =ADRN(K) /ATRAIN(K)
CRDTX(K)=ADTX(K) /ATTMAX (K)
CRDTNCK) =QDTNC(K) /ATTMINCK)
CRRDO(K}=ARD(K) /ATRAD(K)
CRAQWT (K =QWT (K) /LANW(K)
CRRT(K)=ARTO(K) /ATRT(K)

WRITE(11,877) DATE(K),QWT(K),ADRN(K) ,ADTX(K),ADTN(K) ,QRDK),

QRTOMK)
FORMAT(AS,X,F6.2,4X,F8.2,3X,F5.2,5X,F5.2,6X,F8.2,5X,F6.2)

CONTINUE

WRITE(11,879)

FORMATC(///,’ SUMMARY OF STANDARD ERRORS'//)
WRITE(11,876)

DO 878 K=1,12

WRITE(11,877) DATE(K),SRAQWT(K),SRARNCK) , SROTX(K)
, SRDTN(K) ,SRRD(K) , SRRT(K)

CONTINUE

WRITE(11,880)

880

881

FORMAT (/77,7 SUMMARY OF COEFFICIENTS OF VARIARTION' 773
WRITE(11,8786)

Do 881 K=1,12

WRITE(11,877) DATE(K),CRAWT (K),CRARN(K) ,CROTX(K)
,CRDOTN(K) ,CRRD(K) , CRRT(K)

CONTINUE

CLOSEC(11)

RETURN

END
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ADRPTED FOR LOS BANDS

C0S5(0.0172%(Xd-200.)
CO0S(0.0172%(XJ-172.)

I1S5: DT
DR

o

HHHKHKHKRH KKK K KKK KK KKK KK KK IR KRN KKK HHH KK RHH KRN KK KR KKK KRR A KRN X
ORIGINAL PROGRAM BY RICHARDSON

Y I. SUPIT
et}
EERRRKRERRRRHRRRAKKRHKRERRRK KKK KK X KKK KRK KK KR K RARX KR KA K
RTO(20,366)
RN(20,366), TMX(20,366) , TMN(20,366) ,RD(20, 366)
TXM(366), TXS(366) , TXM1 (366, TXS1(366) , TNM(366)
RMO(366) ,RSO(36E) ,RM1(366) ,RS1 (366D , RCCIGE) ,RAINC3I6E)
TMINC3IEE) ,RRD(366) ,ACOMC20) ,NI(12) ,5R(12),55TX(12)
SSRANC32) ,SRAINCIZ) , STMAX(12) ,STMIN(12) ,SRAD(12)
PWD(12) ,ALPHACT2) ,BETA(12) , TM(12) ,PW(12) ,TLO12) ,RMU12)
RCF(12) ,NWET(12) , XNW(12) , TMAX(366) ,PWW(12) ,RG(12)
TAMAX(12) , TAMINC12) , TNS(366) ,NIT(12),55TNC2)
TTMAX(12), TTMINC12), TCFMAX(12) , TCFMINC12)
PTMAX(12) ,PTMINC12) ,FRAD(12) ,RATIOCI66)
ZTMAX(366) , ZTMINC3GE) , ZRADC366) , QTMX(12) ,ATMN(12) ,QRAD(12)

DATA NI/31,59,90,120,151,181,212,243,273,304,334,365/
DATA NII1/31,60,91,121,152,182,213,244,274,305,335, 366/
DATA DATE/ ' JAN.',’ FEB.’

$ fRUG., ! SEPLY,Y OCT., " NOV,',' DEC.’/
CHARACTER%1S INPNAM

CcunnDnocTEnys NOTE 4D

,MARLY, APRY LY MAYY, T JUNE? Y JULY?,

TN T LY A T Triowya7z

CRRKKEEERKKKKKRKEHKKRKHKKEKEKH KK EKKEKK KKK R KK KR KRRRK KKK EH KKK KKK HK KK REH KKK KRR KKK
Cx INPUT # 01 - TITLE

Cx ACOM(I) - LOCATION IDENTIFIDATION OR OTHER USER %
Cx COMMENTS. 80 CHARACTER MAXIMUM %
CRHHRHKKHHR KKK KR KKK KKK KK KK K KKK KKK KKK KK KK KKK K KKK KKK KK KK KKK KKK KKK KKK KRHK
CRRHEEKHKK KK KK HKHKKKHRK KKK KR KRREHH KRR KK HHHHK KKK KKK KEKKR KR KKRHK K KRR K KKK KK RHK

Cx INPUT # 02 - NUMBER OF YERARS, GENERATION CODES, AND LATITUDE
Cx NYRS - YERARS OF DATA TO BE FENERRATED
Cx KGEN - GENERATION OPTION CODE
Cx IF KGEN = 1,RAIN, MBX TEMP, MIN TEMP, AND !
Cx SOLAR RADIATION WILL BE GENERATED |
Cx IF KGEN = 2 OBSERVED RARIN WILL BE USED AND |
Cx MAX TEMP, MIN TEMP, SOLAR RADIATION WILL |
C% BE GENERQTED |
Cx ALAT - STATION LLATITUDE IN DEGREES |
Cx KTCF - TEMP. CORRECTION FACTOR OPTION CODE |
Cx IF KTCF = 0 NO TEMP CORRECTION WILL BE MADE |
Cx IF KTCF = 2 GENERATED MAX TEMP AND |
Cx MIN TEMP. WILL BE CORRECTED BRSED ON |
Cx ODSERVED MEAN MONTHLY MAX AND MIN TEMP
Cx IF KTCF = 1 GENERATED MAX TEMP AND MIN TEMP
Cx WILL BE CORRERTED BRSED ON OBSERVED MEAN
Cx MONTHLY TEMP
Cx KRCF - RAIN CORRECTION FRCTOR OPTION CODE
Cx IF KRCF = 1 GENERATED RAIN WILL BE CORRECTED
Cx BRASED ON OBSERVED MEAN MONTHLY RAIN
Cx IF KRCF = 0 NO RAIN CORRECTION WIL| BE MADE
o LRI K IEN I KA IEH I I I I IE NI I I I I I I HEIEH I IEH I KWK I I I MK K M NN K

KGEN=1 E

KTCF=0

KRCF=0

TYPE 111

111 FORMRAT(’
¢  TYPE 1

ARE YOU USING 1.0S BRANOS(1) OR WAGENINGLN(Z2) DATR?’/
OrR 2 7,8)
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RERD(-3,222) LYT
222 FORMAT (I2)

TYPE 333

333 FORMAT (' LATITUDE=’,$)
RERD(-3,444) ALAT

444 FORMAT(FS.1)

TYPE 95
a5 FORMAT(’ NAME OF INPUTFILE=',$)
READ(-3,96) INPNAM
a6 FORMRT (R15)
TYPE 39
99 FORMAT (' HOW MANY YEARS OF DATA HAVE TO BE GENERATED? ', $)

RERD(-3,100) NYRS
100 FORMAT (15)
Cxx%%% CALCULATE MAXIMUM SOLAR RADIATION FOR ERCH DAY
XLAT = ALAT*6.20832/360.
D06 I = 1,366
X1 I
50 0.4102%5INC0.0172%(XI-80.25))
CH -TANCXLATI*TANCSD)
IF(CH .GT. 1.0) H = 0.
IF(CH .GT. 1.0)G0 70 5
IFC CH .LT. -1.0)H=3.1416
IF(CH .LT. -1.0) GO TO &

oion

H="RCOS(CH
5 DD = 1.0+0.0335%5INC0.0172%(XI+86.2))

RC(I)=689.2305%DD%( (H¥SINCXLATI*SINCSD) )+ (COSCXLATI*COS(SDI*SINCH)

1)
C MAYBE A 10% REDUCTION HAVE TO DE USED TO ADJUST WRAGENINGEN
C SOLAR RADIATION

RCCIY = RC(I) % 0.8
6 CONTINUE
| po 71 = 1,12
TTMAX(I)=0.
! TTMINCI)=0.

RM(I) = 0.
7 CONTINUE

IF(KGEN .EQ. 2) GO TO 10

(063 36 36 3636363 2K KK KK KKK KA H N HHHHHHHH AR KHK KKK KK KKK KKK K HHHKHHH KA KR KKK HRKKAHK KK
C INPUT # 3 PROBABILITY OF WET GIVEN WET PWW(I)
C INPUT # 4 PROBABILITY OF WET GIVEN DRY PWDCI)
C INPUT # 5 GAMMA DISTRIBUTION SHAPE PARAMETER ALPHACI)
C INPUT # 6 GAMMA DISTRIBUTION SCALE PARAMETER BETACT)
C ALL INPUTS CONTAIN 12 MONTHLY VALUES
KK X KKK HHHKHHR KK KRR KKK KKK K KKK KR KKK KK KN KKK KHHKKKK KK KKK HHRHHHHKKKKK KRR KKK RHHANN
OPENCUNIT=11,5TATUS="0LD’ ,FILE=INPNAM)
READC11,103) (PWWCID), I=1,12)
READC11,103) (PWDCI),I=1,12)
RERD(11,103) (ALPHACI), I=1,12)

REAI(11,103) (BETR(I),I=1,12)
103 FORMAT(12E22.0)

T RN K KRR R KRR FR KRR KR KK EHFHHFHRHKRHKR KRR FHRFHRHHIHA KKK SR KKK KKK HIRHKHHIHHIHIH
Cx INPUT #07 - FOURIER COEFFICIENTS OF MAX TEMP ON DRY DRYS

Cx TXMD - MERAN OF TMRX - DRY

Cx ATX - AMPLITUDE OF TMAX - WET OR DRY

Cx CUTX - MEAN OF COEF. OF VAR. OF TMAX - WET OR DRY

Cx ACYTX - AMPLITUDE OF COCF.OF VAR. OF TMAX - WET OR DRY
(% INPUT # 08 - FOURIER COEFFICIENTS OF MAX TEMP ON WET DAYS

Cx TXMW - MEAN OF TMAX - WET

Cx INPUT # 09 - FOURICR COCFFICIENTS OF MIN TEMP
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Cx TN - MEBAN OF TMIN - WET OR IRY
Cx ATN AMPLITUDE OF TMIN - WET OR DRY

!

Cx CVTN. - MERN OF COEF. OF VAR. OF TMIN - WET OR DRY

Cx ACVTN - AMPLITUDE OF COEF. OF VAR. OF TMIN - WET OR DRY
Cx INPUT # 10 - FOURIER COEFFICIENTS OF RAD ON DRY DRYS

Cx RMD - MERN OF RRD - DRY

Cx AR - AMPLITUDE OF RAD - WET OR DRY

Cx INPUT # 11 - FOURIER COEFFICIENTS OF RAD ON WET DAYS

Cx RMW - MERN OF RRD - WET

CRHMEEKKERKKUKKRRHKE KKK KERKK KKK KKX KKK KUR KKK RRKKHEAUR KK RAKKRRHHRRAXR AKX

10 RERD(C11,101) TXMD,RTX,CVTX,RCVTX
READC(11,301) TXMW
READC11,101) TN,ATN,CVTN,RCVTN
RERAD(11,902) RMD, AR
READ(11,301) RMW

“101 FORMAT(4(F22.0))

301 FORMAT(F22.0)

a0z FORMAT (2(F22.02)

WRITE(20,801) TXMD,ATX,CVUTX,RCVTX
801 FORMATC(’ TXMD=',F10.5,/,’ ATX=',F10.5,/,’ CVTX=',F10.5,/,’ RCVTX='
$ ,F10.5)

WRITE(Z20,802) TXMW
802 FORMATC’ TXMW=',F10.5)

WREFEC265-803—TN-RATNTEVINSREVIN
603 FORMATC’ TN=',F10.5,/,’ RIN=',F10.5,/,' CVUTN=’,F10.5,/," ACVTN='
$ ,F10.59)

WRITE(20,804) RMD,AR
804 FORMAT(’ RMD=',F10.5,/,’ AR=',F10.5)

CVRD = 0.24
ACVRD = -0.08

WRITE(20,805) RMW
6805 FORMATC(’ RMW=',F10.5)

CVRW = 0.48
ACVRW = -0.13
D1 = TXMD - TXMW
D2 = RMD - RMW
IF(KTCF  .EQ. 0) GO TO 12
IFCKTCF  .EQ. 2) GO TO 8
CORHXKKRKHH KKK KR KRN KK KKK KKK KKK KKK KK KKK KKK KKK KKK KK KHHHK KKK KKK KK KKK KN KK KKK KKK K
Cx INPUT # 12 - MONTHLY VALUES OF ACTUAL MERN TEMP
Cx OMIT IF KTCF = 1 OR 2
Cx TM(I) - 12 MONTHLY VRLUES OF RCTUARL MEAN TEMP
CRRHKKHKKKHKKIEHKHK KKK KK KRRHERH KK KRR K ERK KKK KRR KKK KKK KKK KKK HRKK KR KK KKK KKK KRR
RERD(2,103)(TM(I),I=1,12)
6O TO 12

 CXEXREKAKKRKRRRKKRRKKKKK KKK KKK RRHREKK KKK KKK KK AKRKK K KRR R KRR KK RRKARKKKRKKKRKRKR |

Cx INPUT #1413~ MONTHLY VALUES OF -ACTURL-MEAN-MAX_-TEMP

Cx OMIT IF KTCF =0 0OR™M

Cx TTMRAX(I) - 12 MONTHLY VAILLUES OF RACTURL MERN MAX TEMP

CXRERKEREREERREEERKKEEREREHHR KR UK ANEAEKEK KKK K E KRR K KRERKR KR RHH KK KRR KR KK
8 READCZ,103) (TTMRAX(IY,I=1,12)

CRRHEREEHEKKHH KK KKEREKNHEXHK K KRR KK R KKK RHHRKRKKEKRKRKRKKKEEREEKEEKNKRKKRXRREKH KK KK ¥
C¥ INPUT # 14 - MONTHLY VRLUES OF RCTURL MEAN MIN TEMP

Cx OMIT IF KTCF = 0 OR 1
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C¥ TTMINCI) - 12 MONTHLY VALUES OF ACTUAL MEAN MIN TEMP

CXRH KK KKK KKK KR KKK KKK KRR K KR KKK KRR MK KK KK HHH KKK KR RN KKK H KA KK KHRK KKK R KKK

RERD(2,103) (TTMINCI),I=1,12)
12 IF(KRCF .EQ. 0) GO TO 13

Exx***x*x*x*xxxxxxxxxx*xx%x*xxxx*xx*xxx*xxx****xxxxxx***xxxxxxxxx*x*xxxxxx*

Cx INPUT # 15 - MONTHLY VALUES OF RACTUARL MERN RAINFALL
Cx OMIT IF KRCF = 0
Cx RM(I) = 12 MONTHLY VALUES OF ACTUAL MERAN RAINFALL
XK KHIHHRHN MR HH RN H KUK KRN K H KRR IR IR KKK KRR HEHHRKAK KK KRR H RN HNRRH KKK, AKX
RERAD(2,103) (RM(I),I=1,12)
CLOSECT1) s
13  WRITE(20,700) )
700 FORMATC////,10X,’GENERATION PARAMETERS',//,15X, PRECIPITATION')
WRITE(20,701) (PWWCI), I=1,12)
7017  FORMAT(20X,'PW/W) ' ,12F7.3)
WRITE(20,702) (PWD(I),I=1,12)
702 FORMAT(20X,'PW/DY ',12F7.3)
WRITE(20,703) (RLPHACI),I=1,12)

703 FORMAT (20X, ’ALPHA ' ,12F7.3)
WRITE(20,704) (BETA(I),I=1,12)
} 704 FORMAT(20X,!BETA PL2F7.3)
! WRITE(20,705)TXMD, ATX, CVUTX, ACVTX, TXMW
; 705 FORMAT(15X, 'MAXIMUM TEMPERATURE',/,20X,'TEMD = ' ,F8.3,/,20X,
x 'ATX = ',FB.3,/,20X,'CVTX = ',F8.3,/,20X,’ACVTX = ',FB.3,/,20X,
¥ 'TXMW = ' ,F8.3,//)
WRITE(20,706)TN,ATN,CYTN, BCYTN
706 FORMAT(15X, 'MINIMUM TEMPERATURE',/,20X,’TN = ' ,F&.3,7,20K,
; %¥'ATN = ' ,F8.3,/,20X,'CVTN = ' ,F8.3,/,20X,'ACVYTN = ' ,F8.3,//)
| WRITE(20,707)RMD, AR, RMW
‘ 707 FORMAT(1SX, 'SOLAR RADIATION’,/,20X,’RMD = ' ,F8.3,/,20X,
¥ 'AR = ' ,FB.3,/,20X,'RMW = ',F8.3,///1)

Cx*¥%TEST IF LOS BANOS DATA OR WAGENINGEN DATA ARE USEDX*X%*

IFCLYT.EQ.T) THEN
SX=142.
SY=112.
ELSE
IFC(LYT.EQ.2) THEN
5X=200.
SY=172.
END IF
END IF

Do 11 J = 1,366

XJ = J

DT = COS(.0172%(XJ-9X))

DR = (C0S(.0172%(XJ-5Y))
TXM(J) = TXMD+ATX*DT
XCR1=CVUTX+RCVTX*DT

IF(XCR1T .LT. 0.0) XCR1=0.06
TXS(JY=TXMCJ)¥XER

TXM1CJ) = TXM(J) - D1

XS T =AM CaaeXand

TNMCJ) = TN _+ HINXL]

XCR2=CYTN+RCVTN*DT

IF(XCR2 .LT. 0.0) XCRZ2=0.06
TNS(J)=TNM{JI%¥XCR2

RMOCJ) = RMD+AR % DR
XCRI=CVRD+RCVRD*DOR

IF(XCR3 .LT. 0.0)XCR3=0.06
RSOCJ) =RMOCJI*XCR3

RM1(J) = RMOCJY - D2
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XCR4=CVURW+RACVRWXDR

IF(XCR4 .LT. 0.0) XCR4=0.06
RS1CJ)=RMT (J) %¥XCR4

CONTINUE

DO 22 IM=1,12

XNWCIM) = O.

SRCIM) = O.

SS5TX(IM)
SSTNCIM) .
SSRADCIMY = 0.
TCFMRAX(IM) =
TCFMINCIMY = 0.0

RCFCIMY = 1.0

PWCIM) = PWDCIM) /(1. -PWWCIM)+PWD(IM))
51
52

S3

nou
oo

H

)
0.
0.

0.

NL = NI{IM3

IF(IM .EQ. 1) GO TO 14
NF = NICIM-1) + 1

60 TO 15

NF = 1

CONTINUE

ZN = NL - NF + 1

DO 16 J = NF,NL

51 = 51 + TXMCJ)/ZN

non

i

16

S2 = 52 TXM1CJ)/ZN
53 = 53 TNMCJY /ZN
CONTINUE

+ 4+ |+ 1

o

Cxx%xxCALCULATE MONTHLY RAINFALL CORRECTION FRCTOR

17

RGCIM) = ALPHRCIMIXBETRCIMI*ZNXPW(IM)
IF(KRCF .EQ. 0) GO 70 17

RCFCIM) = RMCIM)/RGCIM)

IF(KTCF .EQ. 0) GO 70 22

Cxxxx%CRALCULATE MONTHLY TEMP CORRECTION FACTOR

IF(KTCF .EQ. 2) GO TO 18

TMD = (51 + 53) / 2.

TMW = (S2 + 53) [/ 2.

TGCIM) = TMWXPWCIM)+TMD*(1-PW(IM))
TCFMAX(IM) = TM(IM) - TGCIM)
TCFMINCIM) = TCFMAX(IM)

GO TO 22

16 TAMAX(IMD =52%PW(IM) + S1%(1. -PWCIM))
TAMINCIM) =53
IF(KTCF .EQ. 0.) GO TO 22
TCFMAX(IM) =TTMRX(IM) -TAMAX (IM)
TCFMINCIM)=TTMINCIM) -TAMINCIM)

22 CONTINUE
IF(KRCF .EQ. 0) GO 70 52
WRITEC20,712)(RM(I),1=1,12)

712  FORMRATC10X,’ACT MERAN RAIN’ ,12F7.2)
WRITE(20,713) (RG(I),I=1,12)

713 FORMAT(10X, 'EST MEAN RAIN' ,12F7.2)
WRTTECZ20, 7 a0 e CH) =1, 1)

24— FORMRAT.CA0X,LRAIN-_CE LAZEZ.3)

92 IF (KTCF .EQ. 0) G0 7O 19
IF(KTCF .EQ. 2) GO TO &1
WRITE(20,708) (TM(I),I=1,12)

7086 FORMAT (10X, 'RACT MERAN TEMP’ ,1277.71)
WRITE(20,711)(TGCI), I=1,12)

711 FORMAT (10X, 'EST MEAN TEMP? ,12F7.1)

GO TO S0
WRITE(20,722) (TTMAX(I),I1=1,12)
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722 FORMAT(10X,'ACT MEAN TMAX' ,12F7.1)

WRITE(20,723) (TTMINCID,I=1,12)
723 FORMAT (10X, ’ACT MEAN TMIN’ ,12F7.1)

WRITE(20,720) (TAMAX(I),I=1,12)
720 FORMAT(10X, 'EST MEAN TMAX' ,12F7.1)

WRITE(20,721) (TAMINCI),I=1,12)
721 FORMAT(10X, 'EST MERN TMIN’ ,12F7.1)
50 WRITE(20,709) (TCFMAX(I),I=1,12)
709 FORMAT(10X,’'CF. MEAN TMAX',12F7.1)

WRITE(20,724) (TCFMINCI),I=1,12)
724 FORMAT(10X,’CF. MEAN TMIN’,12F7.1)
19  XYR = NYRS

SYTX = 0.

SYTN 0.

SYRAD = 0.

SYR = 0.

SYNW = 0.

DO 40 I = 1,NYRS

IYR = I

IF(KGEN .EQ. 1) GO TO 20

KK = 0

IJ =1
CRHERRHHKH RN K KRN HHNHKIHK KR KKK KHR R K KRR RKHKARK KA KR KRR HKRNHKRKHAK
Cx INPUT # 16 - MEASURED RRINFALL FOR NYRS
Cx OMIT IF KGEN = 1

T3 NCTLIO ROINE _ R NOvy
P = T FIFITE

won

" ~T
LN NN | S g | S Y 8 | =

Cx* FOR NYRS
CRMHREHH KRR HRIEEEH KRR RE R KKK ERHANHKREHEKRYHHREHR AR KRR KRR AKX KA KK
21 READ(2,102) IYR,MO,IDRY,RAINCIJ)
102 FORMAT(4X,312,20X,F10.0)
IF(KK .EQ. 1) 6O TO 24
20 IDAYS = 365
IFLG = MODCIYR,4)
IFC(IFLG .EQ. 0) IDAYS = 366
KK =1
IF(KGEN .EQ. 1) GO TO 26
24 Id = Id + 1
IFC(IJ .LE. IDAYS) GO TO 21
28  CONTINUE
CALL WGEN(PWW,PWD,ALPHA,BETA, TXM, TXS, TXM1,TXS1, TNM, TNS, RMO, RS0,
*¥RM1,R51,RAIN, TMAX, TMIN,RAD,KGEN,RC, IDAYS, NI, NIT,
¥TCFMAX, TCFMIN,RCF) ‘
DO 23 IM = 1,12
SRAINCIM) 0.
STMAXC(IM) 0.
STMINCIM) 0.
SRADCIM)
NWET (IM)
23  CONTINUE
IM =1
YTMAX 0.
YTMIN 0.
YRAD = 0,

H onn

0.
0.

i1 n

0o

RYR _=_0

NYWET = 0.
IDA = 0

WRITE(20,851)
851 FORMAT(//,' SIMULATED DAILY WEATHER VALUES’,/7/7)
WRITE(20,862)
852 FORMAT (/ MONTH’ ,2X,’DATC’ ,2X, 'YERAR' ,2X, ' JUL .DATE’ ,2X, 'RAINFALL',
$ 2X,’MAX TEMP’ ,2X, 'MIN TEMP' ,2X, 'SOLRR RAD' ,4X, /
$ L 3IX, 0 (MMY! L EX, ), 7X, Ty, 6X, ! CU/CM2/DRY) )
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DO 30 J=1,IDAYS
IDA = IDA + 1

" IFCIDAYS .EQ. 366) GO TO 27

IF(J .GT.NICIM)) GO TO 2951
GO TO 29
251 IM = IM + 1
IDA = 1
GO TO 23
27 IF(J .GT. NIICIM)) GO TO 291
23 CONTINUE
Cxx%¥%THE FOLLOWING STATEMENT WRITES DRAILY GENERATED WEATHER ON AN
C¥xxXXEXTERNAL FILE C(UNIT 20).

DO 853 LL=1,366
ZTMQX(LL) (TMAX(LL)-32. )*5 /3.
ZTMINCLL)Y=(TMINCLL)-32.)%5. /3.
ZRADCLLY=RADCLL)]
C ZRADCLL)=RAD(LL)*4.184
RATIOC(LL)=ZRADCLL) /RCCLL)D
853 CONTINUE

RNCIYR, J)=RAINCJ)
TMXCIYR, ) =ZTMAX(J)
TMNCIYR, J)=ZTMINCJ)

ROCIYR, J)=ZRADCJ)
RTOCIYR,J)=RATIOC(D
WRITE(20,200)IM,IDA,IYR,J,RAINCI),ZTMAX (), ZTMINCI) ,ZRADCJ)D
$,RATIOCD
800 CONTINUE
Cxxx¥%¥THE FOLLOWING STATEMENT PRINTS DAILY GENERATED WERTHER
200 FORMAT(2X,I12,5X,12,4X,12,5X,13,6X,F5.1,3X,F5.1,5X,F5.1,8X
$,F5.0,6X,F4.2)
25 CONTINUE
IF(RAINCY) .LLT. 0.005) GO TO 26
NWETCIM) = NWETC(IM) + 1
NYWET = NYWET + 1
26 CONTINUE

SRAINCIM) = SRAINCIM) + RAINCJ)
STMAX(IM) = STMAX(IM) + TMAX(J)
STMINCIM) = STMINCIM) + TMINCJD)

SRADCIM) = SRADCIMY + RADCD)
RYR = RYR + RRBINCJ)

30 CONTINUE

40 CONTINUE

CRHREANEHERKHAXRHE KKK KKK KKK KRR KRR A RRNHKK

C CREATING INPUT FILES FOR CSMP
(TR AERHHK R KR KKK IR KKK KR KK RIHH KK KHHHKR KRR AN KKK

OPEN(UNIT=15,STATUS="NEW' ,FILE="RABC.DAT ')
DO 124 I=1,NYRS

WRTTECTS 123 RERT

123 FORMAET (T PERAM 1TAT="_F5.27)
WRITE(15,126) (TMX(I,J),d=1,365)

126 FORMRT(/,' TABLE TMPHT(1-3G5)=...'//,37C10(F5.1,",'),"...", /1))
WRITE(1S,128) (TMNCI,Jd),d=1,365)

1286 FORMATC/,’ TABLE TMPLT(1-365)=...'//,37C10(F5.1,” '), " ...", /1))
WRITE(15,130) (RDCI,Jy,d=1,36%)

130 FORMAT(/,' TABLE RDTMT(1-365)=. L3705, o))
WRITEC1S, 13?) (RNCI,J),J=1,3065)

132 FORMATC(/,’ TRDLE RRINT(1 AGSY=. .. //,37C10CF5.1, 0y, s )

124 CONTINUE
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CLOSEC1S)

CALL XSUMONYRS,RN, TMN, TMX,RD,RTO)
5TOP
END

CxxxxxTHE FOLLOWING SUBROUTINE GENERATES DRILY WEATHER DATA FOR
Cxxxxx0ONE YERR.

SUBROUTINE WGEN(PWW,PWD,RLPHA,BETA, TXM, TXS, TXM1, TXS1, TNM,
1TNS,RMO, RS0, RM1,RST,RAIN, TMAX, TMIN,RAD,KGEN,RC, IDAYS, NI,
2NIT, TCFMAX, TCFMIN,RCF)

DIMENSION TXM(366),TXS5(366),TXM1(366),

1 TXS1(366), TNM(366) , TNS(366) ,RMO(366) ,R50(366) ,RM1(366) ,
2 R51(366) ,RAINC366) , TMAX(366) , TMIN(366) ,RADC366) ,RC(366) ,
3AC3,3),B(3,3),XIM1(3) ,E(3) ,R(3),X(3),RR(3) ,PWW(I12),
4PWD(12) ,ALPHAC12) ,BETR(12) ,NI(12) ,NII(12),TCF(12) ,RCF(12)

DIMENSION TCFMAX(12), TCFMINC12)

DATA A/0.567,0.253,-0.006,0.086,0.504,-0.033,-0.002,
¥-0.090,0.244/

DATA B/0.781,0.328,0.238,0.0,0.637,-0.341,0.0,0.0,0.873/

DRTR XIM1/0.,0.,0./

DATA IX/9338033/

DATA IP/0/

IM =1

DO 50 IDARY=1,IDAYS

IFCIpAYysS JEQ. 366) 6O 170 2

IFCIDAY .GT. NICIM)) IM = IM + 1
GO TO 4

IFCIDAY .GT. NIICIM)) IM = IM + 1
CONTINUE

IF(KGEN (EQ. 2) GO TO 15

CxxxxxDETERMINE WET OR DRY DAY USING MRRKOV CHRIN MODEL

10
11

CALL RANDNC(RN)

IFCIP-0Y 7,7,10

IFCRN - PWD(IM 3)11,11,8
P =0

RARINCIDAY)Y = O,

(GO TO 18

IF(RN~-PWWCIM 3211,11,8
IP = 1

Cxx*xxx¥DETERMINE RAINFALL AMOUNT FOR WET DAYS USING GAMMA

Cx

2

61

DISTRIBUTION

AR = 1./ALPHACIM)

AB = 1./701. -ALLPHACIM))
TR1 EXP(-18.42/8R)
TRZ2 = EXP(-18.42/RB)
5UM 0.

SuMz = 0.

CALL RANDNC(RN1)

CALL RANDN(RNZ)
IF(RNT1-TR1) 61,617,862
51 = 0.

GO TO 63

[LIN

Gzl

5T = RNT%*%AR

bha

64

65
66

13

IE(RNZ=-TRZ) B4,b4,0Ln

52 = 0.

6O TO 66

52 = RNZ2¥%xRD

512 = 51 + 52

IF(s12-1.) 13,13,12

Z = 917912

CRLL RANDNCRN3)

RAINCIDAY) = -Z¥ALOGC(RNIIXBETACIMIKRCT(IM)
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Cx%%¥%RAINCIDAY) IS GENERATED RAINFALL FOR TDAY
15 IFCRRINCIDAY)Y) 16,16,17

16 IP =0
GO TO 18
17 P =1

18 IFCIP-1) 25,26,26
Cxx*%¥GENERATE TMAX, TMIN, AND RAD FOR IDAY
25  RM=RMOCIDAY)
RS = RSOCIDAY)
TXXM = TXM(IDRY)
TXXS = TXS(IDRY)

GO 1O 27
26 RM = RM1(IDAY)
RS = RS1(IDAY)

TXXM = TXM1(IDRY)
TXXS = TXS1(IDRY)
27  CONTINUE
Do 30 K = 1,3
131 AR = 0.
CRLL RANDN(RN1T)
CALL RANDN(RN2)
V = SART(-2.%ALOG(RNT)I*COS(6.283185%RN2)
IF(ABS(Y) .GT. 2.5) GO TO 131
E(K) =V
30 CONTINUE

pu 31t 1 =1,3
RCI) = 0.
RRCI) = 0.

31 CONTINUE
DO 32 1 =
Do 32 J =
RCI) = R(
RRCIY = R

32 CONTINUE
Do 37 K = 1,3
X{K) = R(K) + RR(K)
XIM1(K) = X(K)

37  CONTINUE
TMAXC(IDAY) XC1) % TXXS + TXXM
TMINCIDAY) = X(2)%TNSCIDAY)+TNMCIDAY?)
IFCTMINCIDAY) .G6T. TMAX(IDAY)) GO TO 38

3
3
B(I,IxECD)

Y o+ ACL, D XXIM1CD)

P T o SN Y

I+
R(I

LI 1

GO TO 39

36 TMM = TMBX(IDRY)
TMRXCIDAY) = TMINCIDAY)
TMINCIDAY) = TMM

aa CONTINUE
TMRX(IDAY)=TMAX(IDAY)+TCFMAX(IM)
TMINCIDRY)=TMINCIDRY)+TCFMINCIM)
CxxxxxTMAX(IDAY) IS GENERATED TMAX FOR IDAY
Cx%x%%TMINCIDRY) IS GENERATED TMIN FOR IDAY
RADCIDAY) = X(3)*RS+RM
RMIN = 0.05%RC(IDRY)

Trrmnnrrnn\/\ l T D_r.ATkl\ QﬁﬁfTﬂﬁV\ RM.TN

HF—RADCIDAY— 6T RECIDAYY ) RABCIBEY ) —RECHBRY

Cxxxx¥RADCIDAY) IS GENERATED RAD FOR IDRY
50 CONTINUE
RETURN
END
Cxxx¥%THE FOLLOWING SUBROUTINE GENERATES A UNIFORM RANDOM
Cxx*%XXNUMBER ON THE INTERVAL O - 1
SUBROUTINE RANDNCYFL)
DIMENSION K(4)
DARTA K/2510, 7632, 2456,3765/







K(4) 3xK(4)+K(2)
K{3) J®K (3 +KC1)
K{2)=3%K(2)
K{1)=3%K(1)
I=K(13/1000
K{1)=K(1)-I%1000
K(2)=K(2) + I

I = K(2)/100
K(2)=K(2)-100x1I
K(3) = K(3)+1

I = K(3)/1000
K(3)=K(3)-1I%1000
K(4)=K(4)+1I

I = K(4)/100
K(4)=K(4)-100%1I

noun

YFL=CC(FLOAT(K(1)I%.001+FLORT (K(2)))%.01+FLOAT(K(3)1)%.001

¥+FLORT(K(4)))%.01

_52_

RETURN
END

SUBROUTINE XSUMCNYRS,RN, TMN, TMX,RD,RTO)

DIMENSION CRRT(12)

871

BIME

DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DATA DRTE

3

' ' [ ~ Ly 1~ =/
TMX(20,366) , TMN(20,366) ,RN(20,366) ,RD(20, 366)
LANW(12) ,ATRAINCIZ2) ,ATTMINCIZ2) ,ATTMRX(12) ,ATRAD(12)
LBMON(12) ,LEMON(12) ,SDRN(20,12) ,50TX(20,12)

NW(12) ,5DR(20,12) ,SDWET(20,12) ,5DTN(20,12)

SRAWT (12) , SRARN(12) ,SROTN(12) ,SRDTX(12) ,SRRO(12)
CRAQWT (12) ,CRARN(12) ,CRDTN(12) ,CRDTX(12) ,CRRD(12)
QWT(12),BDRN(12) ,ADTN(12) ,QDTX(12) ,0RD(12) ,ARTOC12)
/’JRN.' ,'FEB.',’MAR.’ ,APR. ', "MAY. ', PJUNE. 7,

$  JuULY.’,’AUG.',’'SEP.’,'OCT.’,'NOV.’ ,'DEC. "/
DATA LLBMON/1,32,60,91,121,152,182,213,244,274,305,335/
DATA LEMON/31,593,30,120,151,181,212,243,273,304,334,365/
CHRRACTER%4 DRTE(12)

OPENCUNIT=

11, 5TATUS="NEW' ,FILE="SUMWERTH.DAT ')

Do 871 L=1,12
ATRAINCL)=0.
ATTMINCL)=0.
ATTMAX(L)=0.
ATRAD(L) =0.
ATRT(L)=0.
LANWCL) =0

CONTINUE

DO 872 I=1,NYRS
Do &72 L=1,12

SDRN(I,
SDTX(T,

SDTNCT,

1.)=0.
.)=0.
L)=0

SBRET=

V=0
PRI

872

SDWETCL,L)=0.

SDRT(I,

CONTINUE

STRAIN=

L)=0.
0.

STMIN=0.
STMAX=0.
STRAD=0.

LWET=0
STRT=0.
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WRITEC11,862)
862 FORMAT (' SUMMARY OF THE SIMULATED DATA OF WAGENINGEN')
DO 20 I = 1,NYRS
PYTMAX=0.
PYTMIN=0.
PYRAD=0.
NYWET=0
RYR=0.
PYRT=0.

WRITE(11,201) I
201 FORMAT(//,5X, 'SUMMARY FOR YERR',I5,/)
WRITEC11,202)
202 FORMAT (' MONTH’,2X,’'WET DRAYS’,2X, 'RAINFAL’,2X, 'MAX TEMP',2X
'MIN TEMP',2X,'SOLAR RAD',4X,'RATIO',/, 18X,
tO(MM) 58X, (0, 7X, 1 E)Y L, BX, T (J/CM2/DAYY )

L

DO 25 K=1,12
NW(K) =0
QRAIN=0.
QTMIN=0.
QATMAX=0.
arAD=0.
QRT=0.

D030 3= EBMONCKITHEEMONGS

IFCRNCI,J).6GT.0.0) THEN
NW (KDY =NWCK) +1
LANWIK) =L ANWK) +1
LWET=LWET +1

END IF

ROCI,JI=RD(I,J)%4.1684

QRAIN=QRAIN+RNCI, J)
ATMIN=QTMIN+TMNCI, D
ATMAX=QTMAX+TMX(I, J)
QRAD=QRAD+RDOCI, J)
ART=ART+RTOCI, )

ATRAIN(K) = ATRAINCKI+RN(I, J)
ATTMINCK) =ATTMINCK) +TMNC(T, J)
ATTMAX(K) =ATTMAX(K)+ TMX(I,J)
ATRAD(K) =ATRAD(K) +RD(I, J)
ATRT(K)=ATRT(K)+RTOCI, 1)

30 CONTINUE

NYWET=NYWET +NW(K)
RYR=RYR+QRAIN

OUTMIN=QTMIN/CELORTOU EMONCK) =L BMONCK) 2 +1)

al FEME=GTFMBX-EF OAT-CLEMONLKD LOMONCKY Y 41D

A0 B B | PA Sl 5 G Bk | A S A |

AVRAD=0RAD/ (FLORT (LEMON (KD -LBMUNUK D ) +71)
AVRT=QRT/ (FLOAT (LEMON(K) -LBMON(K) ) +1)

SDRN(T,K)=ARAIN
SOTX(I,K)=AVTMAX
SOTNCI,K)=AVTMIN
SDR(T,K)=RAVRAD
SDWET L, KD =NW KD
SORT (T, KD =RURT
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WRITE(11,203) DATE(K)Y,NWCK),GRAIN,AVTMAX, AVTMIN, AVRAD,
RVURT
FORMAT (RS, 3X, 14,5X,F6.1,3X,F5.1,5X,F5.1,6X,F6.1,5X,F6.2)

PYTMAX=PYTMAX+AVTMAX
PYTMIN=PYTMIN+AVTMIN
PYRAD=PYRAD+AVRAD
PYRT=PYRT+RVURT
CONTINUE
PYTMAX=PYTMRAX/12.
PYTMIN=PYTMIN/12.
PYRAD=PYRAD/12.
PYRT=PYRT/12.

WRITE(11,205) NYWET,RYR

FORMAT (/' TOTAL',2X,13,5X,F7.1,6X,'__',8X,"'__",10X,’'_",
8x,'_")

WRITE(11,350) PYTMAX,PYTMIN,PYRRD,PYRT

FORMAT (' AVER.’,3X,’'__’,10X,’'__',3X,F5.1,5X,F5.1,5X,F7.1,

oX,FB6.2)
CONTINUE
WRITE(11,861) NYRS

861

862

664
863

FORMAT (/7 ,5X, 'OVERALL SUMMARY FOR’,I3,'YEARS',/,5X,
" (AVERAGED OVER THE YERRS) ')
WRITE(11,862)

FORMAT (' MONTH’ ,2X,'WET DAYS’,2X, 'RAINFAL’',2X, 'MAX TEMP',2X

'MIN TEMP’ ,2X,’SOLAR RAD',4X,'RATIO’/
18X, (MM)’ 58X, (C),7X, ' (0)! ,BX, ' (J/CM2/DARY) )

0o 863 K=1,12
STRAIN=STRAIN+ATRAIN(K)
STMIN=STMIN+ATTMINCK)
STMAX=5TMAX+ATTMAX (K)
STRAD=STRAD+ATRAD(K)
STRT=5TRT+ATRT(K)

XYZ= 1/ (FLOAT(NYRS) % (FILLOAT (LEMON(K) -LBMONCK) ) +1))
ATTMINCK) =ATTMINC(K)I%*XYZ

ATTMAX(K) =ATTMRAX (K)*XYZ

ATRAD(K) =ATRAD(K ) %¥XYZ

ATRT(K) =ATRT(K)*XYZ

ATRAD(K) =ATRAD(K)

LANWCK) =LANW(K) /FLOAT (NYRS)

ATRAINC(K) =ATRAIN(K) /FLLORAT (NYRS)

WRITE(11,864) DATECK) ,LANWCK) ,ATRAINC(K) ,ATTMAX (KD,
ATTMINCK) ,ATRAD(K) ,ATRT(K)

FORMAT (RS, 3X, 14,6X,F5.1,3X,F5.1,5X,F5.1,6X,F6.1,5X,F6.2)

CONTINUE

STMIN=STMIN/ CI65*FLOATINYRS))

865

STMAX=STMAX/ (3C5%FLOAT (NYRS))
_S5TRAD=5TRAD/ (365%FLOAT (NYRS) )
STRT=5TRT/ (365%FLOAT (NYRS))

LWET=LLWET /NYRS
STRATN=STRAIN/NYRS
WRITC(11,065) LWET,STRAIN
FORMAT (/' TOTAL’,X,I15,4X,F7.1,6X,'__’,8X,’'__’,10X,' ',
8X," ")



866

867
876
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WRITE(11,866) STMAX,STMIN,STRAD,STRT
FORMAT(’' RAVER.',3X,’'__',10X,’'_'",3X,F5.1,5X,F5.1,6X,F6.1,
5X,F6.2)

WRITE(11,867)

FORMATC(///,’ SUMMARY OF STANDARD DEVIATIONS'//)
WRITE(11,876)

FORMAT (' MONTH’,2X, 'WET DAYS’,2X, 'RAINFAL’ ,2X, "MAX TEMP' 62X
'MIN TEMP’,3X,’'S0OLAR RAD’,5X,’RATIO')

Do

873 K=1,12
DRN=0,
DTX=0.
DTN=0.
DWET=0.
DRAD=0.
DRT=0.

SQRN=0.

SQDTX=0.
SADTN=0.
SARAD=0.
SQWET=0.
SXRTO=0.

874

Do

874 I=1,NYRS
DRN=DRN+5DRN(TI,K)
DTX=DBTX+5DTX(I,K)
DTN=DTN+SDTN(I,K)
DWET=DWET+SDWET(TI,K)
DRAD=DRAD+SDR(I,K)
DRT=DRT+SDRT(I,K)

SARN=SARN+SDRNCT , KIXSDRN(T , K)
SADTX=5QDTX+SDTX(T,KI*SDTX(I ,K)
SADTN=SADTN+SDTN(I ,KI*SDTNCI , KD
SARAD=5ARAD+SDR (T, KI*SDR(T ,K)
SQWET=SQWET+SDWET (I, KI*SDWET (I ,K)
SXRTO=SXRTO+SDRT (I ,KIXSORT(I,K)

CONTINUE

QADRN(K) =SART ( (SARN- (DRNXDRN/FLOAT (NYRS) 2 /FLOAT (NYRS-1))

QDTX(K)=SART ( (SADTX~-(DTX%DTX/FLOAT(NYRS) ) ) /FLORT (NYRS-1))
QDTN(K) =SART ( (SADTN- (DTNXDTN/FLOAT(NYRS) ) ) /FLOAT (NYRS5-1))
QRD(K) =SART ( (SARAD- (DRAD*DRAD /FLOAT (NYRS) ) ) /FLOAT (INYRS-1))
QWT (K) =SART ((SQWET - (DWETXDWET /FLOAT (NYRS) ) ) /FLLOAT (NYRS-1))
QRTO(K) =5ART ( (SXRTO- (DRTXDRT/FLLOAT (NYRS) ) ) /FLORT (NYRS-1))

SRARN (KD =QDRN (KD /SART (FLOART (NYRS))
SRDTX(K)=QDTX(K) /SART(FLOAT(NYRS))
SROTN(K) =ADTN(K) /SART(FLLOAT (NYRS) )
SRRO(K)=QRD(K) /SART (FLOAT (NYRS5))

SRAWT (K =QWT (KY /SART(FLOAT (NYRS))

CRARNCK) =QDRN(K) /ATRAIN(K)
CRDTX(K)=AQDTX(K) /ATTMARX(K)
CROTNCK) =QDTN(K) /ATTMINCK)
CRRD(K) =ARDK) /RTRADCKD
CRAWT (KD =QWT (K) /LLANW (KD
CRRT(KI=ARTOK)Y /ATRT (K)

WRITE(11,877) DATC(K),QWT (KDY, QDRNCK) , QRTX (KD, ADTNC(K) , ARD(K) ,



877
873

879

678

a80

881
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ARTOKD

FORMAT(AS,X,F6.2,4X,F6.2,3X,F5.2,5%,F5.2,6X,F8.2,5X,F6.2)

CONTINUE

WRITEC11,873)

FORMATC///7,’ SUMMARY OF STANDARD ERRORS'//)
WRITE(11,876)

DO 878 K=1,12

WRITEC(17,877) DATECK) ,SRAWT (K) , SRARN(K) ,SROTX(K)
, SROTNCKD |, SRRI(K) , SRRT (KD

CONTINUE

WRITE(11,880)

FORMAT(///,' SUMMARY OF COEFFICIENTS OF VARIATION'//)
WRITE(11,876)

DO 881 K=1,12

WRITEC11,877) DRTE(K),CRAWT (K) , CRARN(K) ,CROTX(K)

, EROTN(K) , CRRD(K) , CRRT (KD

CONTINUE

CLOSEC11)

RETURN

END
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SUMMARY FOR YEAR 198]

MONTH  WET DAYS  RATNFAL  MOX TEMP  MIN TEMP  SOLAR RAD RATTO
CHMm? ((:)) (g (\ JJ(N ’/Dr’\f\
NIt 15 Q204 w V) o
FER. 13 77.3 5.9 a7
[RTEIRE T4 Lae. J.,l W L0
AP R @ lqu 1340 .0
ey . 23 IR 1o i
JUIME 18 Gb b 1§
JULLY 14 A9 4 2
NG ) } l’ o
HET 14 LG 19.7
0neT. 26 15/"M 121
INAN e 0.7 9.
DG 19 TV Lud

L3063
Y086 LT
G640

AU
L7277k

TOTAL 206 790.,9 - _ _ .
AVER ., 19,9 5l 9306 04

- e

SUMMARY FOR YEAR 1982

RMOMTH  WET DAYSE  BAINFAL  naX TEAP  AIN TERP  GOLAR RAD
(MM ) () CHACIM2ANAY)
SO 1A Wbl L Rk a3
FER. ? 165 Ga3 3
NTETRA 17 P4 { ' E

13 1 «
OG0,

AP R 14 AR 1 ‘q Q4.3
MAayY. 15 i ‘) ! P
SHHHE 15 o

Sy 11
AU 1.8
BEP . 11
0T, 14
POV, 20
DEC. 18

TOTAL 183 B4, .
AVER. L _ 14.0

GRH. 3 Ouhd

SURNARY FOR YEAR 1983

MOHTH  WET DAYS  RATNFAL maX TEMP Rl N TEAP  K0LAR RAD RATIO
Cram) (GPD] ( 9/! N 2ADAYD

22 S1.7 .

12 3707

19 (\(,, Y

20

i %
% 0,59
5 0,60
10 0.5%9
19 OuAn
1 ROy
1

L& d 0,35

TOTAL 151 T -~ : -
AVER, . 13,9 57 AL 0 R



SUMMARY

MONTH

S
[PEB .
NTETEO
APR
MAY .
U
SJULY
ﬁUP,

TOTAL
AVER .

{}

WET DAYE

1oL

VERALL

FOR

GLIKMARY. 0

YIAR LYo4

L TNE AL
(MM
PO 4
HO Wb
AR5
1’"9
/u.

1.7
1ES o4
11904

493

.9

TR 4

.- 60 -

nax TEMP
()

e A
(IR

1300

LOYEARS

fIN TYERNP
()

S0l RAb

CIAOM2A06Y)
153

480,

”ﬂﬁ.n

145, 3

807 %

RAaTIO

0.2
0.6

0.;&
0.3
0,450
() Hv
0.3

0L A

¢
ONTH

Jord
FER .
MAR .
AR .
MY W
JUNE
JULY
ALIG .
GEP .
00T .
MOV,
PIEN

TOTML.
AVER .,

AUE
W

20
1l
18

1W
L&
1%
12
1 4
14
1 &
18

18

19

ROTMF AL
(fﬂ)
69l
P
H& L2
RhHL G

B
&9

H53. 0

G .7
G L

50,3

0.0

G687

GED OVER THV YEARE)
DaYS

Mo TERP
(£

L

AYN TEAP
)
0L
(7
1.é
2l
G
9.9
117
1.
',';) N /f
&
KIPRE
0.3

Gl

SOAR RAD

CIACN2/00Y)Y

ﬁqo 1
L0506
“ n

/

1507
16175 .1
1600

RATTIO

(. A%
0,43
(¢ 44
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GURNARY OF STANDARD DFVTATIONSE

MOMTH
JEN
FER .
MAR W
APR .
MAY .«
JLINGE
JULY
ALIG .,
GEP
DT
NOV .
D

SUNMARY QF STANDARD FRRORS

MONTH
JON

[
L e R

WET
4,732
4,00
5 nd
PR W]
IR
4,85
FL G0
Yal3
Ha10
WaAS
A hT

Fuh3

DAYSG

WET DAYS  RAINFAL

1w ®?

4 o 3
TR

RAOTNITAL

A PR
20,36
29,31
JELA T O}
34,42
FOWH7
L0 40
Fh, a0
G4, 6P
42,53
RG A
T

Bl

fndity

MaX TEMP

” s
AR

Meax TEAP

0.70
0,69

T

MIN TENMP

Fal0
L7
1u6®
Lal®
0.8
G.b7
La 0%
.03
1. 0%
.37
148

1. 84

0.8
QL 0A

TEAP

SOLai tab
R4

100 1

dowltha by

o
DG T A
194,47

180G,
1E7 .1
GO T
“h LB

D741

GO AR 1
10

3

S

RATIO
0,00
007
0,08
0L 0%
0,09
0.07
0,00
0.07
0.07
0., 00
0.0%
0,06

R T 10
0. 02
0.0

MAR .
AR
AT W
JUNE
JULY
AL,
GER .
GCT.
MOV
G

1adhi
T 04
1.72
1a T4
a3
1.6
Lol
170
La4l
1,08

P.a7
A
1088
QL7
12,79
11,67
1411
TA.40
12,46

7.8

SUANARY OF CORFFTCTENTS

MONTH
TSI
FER .
M.
(PR
AAY
JUME
JULY
auG .
SEP
OCT.
MOV .
DEC,
2D

WET DAYSH
[$IRER)
Q.36
0,29
0.4
0. 34
0,33
0,30
037
0a3h
0. 34
0,25
0.19

e TN &L

0.3
047
(I
Qb3
0w
AR
O.7%
0,764
0. 75
OW7A
056

0. 42

OF

0.4
0.3

0.4
0.2

0,72

VARTATTOM

fax TEMP
0,59
0,42
0.4
0.00
0.0%9
0,08
0210
0,09
0,07
0.0%
Q.3
O34

0.3
0.3
.27
0.9

0.
0.1

fEN TENP

(}) " ’ ()
=2 4
106
056
Ouild
Q.07
0.0
0.0%
0wt
[$ R
Oua7

(A
Ha N

o AR RAD
0.l
0.17
0ul?

0.0
0.02
0,03
0,07
0,02
0.0
[V
0,07
0.0l
0.02

RATIO
0.l
0,17
0. Lo
0,13
S
0.
0
0.l
0. 14
0,10
0.1
0,17




APPENDIX B.

PRC
SUMMARY OF THE

SIMULATED DATA OF

SUMMARY FOR YEAR

MONTH  WET DAYSH
JAN 19
FEB . 14
MAR . 20
APR ., 24
MAaY. 18
JUNE 17
JULY 11
ALG. 14
GEP . 14
ner. L&
NOV . 17
DEC. 23

211

TOTAL
AVER .

RATNF AL

(mMm)
48,0
7hH.2
72,6
H50.8
71,9
81.7
6Q.6
35,7
477
33,6
7006
9.8

71742

b e

SUMMARY FOR YEAR

MONTH  WET DAYS

RATNFAL

-

- 62 -

Max TEMP
o)

nona

2w

4.1

9.3
14,0
1&al

Q.Y
24,0

20,6
1647
12,2

8.7

Y

13,3

MAaX TEMP

P Y

WAGENTNGEN

MIN TEAP
()
SR

=0l

2.8
G0

& 1
11

11 /
1OnA
4.0

4.3
n oy

Ao\

Lal

o
v a

MIN TEMP

.00}

SOLAR RAD
CI70M27DAY)
L3205
358.7
842G
1206.3
1819.9
181466
18a41.2
1457.9
1112.3
J\.’l 2 /
!n).ﬁ
7244

PEHLLY

S0LAR RAD
(HAGM2ADAYY

RATIO

0.20
0,35
0,49
0.49
O.b0
() l !n
()..\;)
0. 0%
0 “ J\.»
0.48
0,22

0.14

0.4

RATTO

JON . 1
FEB « 13
MAR . 2
APR.
MAY. 12
JUNE 1é
JULY 13
A, 17
KEP . 14
OcT. 24
NOV. 23
DEC . 19

3 PR3
5«!5“..;‘7-‘0

TOTAL 213
AVER .,

SUMMARY FOR

MONTH  WET DAYS
JAN. a0
FER . 11
MAR ., 2%
APR . 13
MAY. 14
JUNE 18

6846
3.8
72,8
Gl.9
&l .4
4.5
87,5
33.6
HoL7
!J;u!}
L& 5
Hhah

8315

o

YEAR

RATNF AL,

(MM
86,4
31.7
100.4
20.2
\'u.(\
Db

bl
b
bl

12,2
19.2

20.9
ARLR
2006
18.2
14,8
11.3

)

1505

Max TEMP
o)

4.4

4.8
Ah.3
1h.7
19,3
”O"u

At

0.3
0.7
0.3
3.3
S
108
11,4
10.7
Ok
4.8
4y
0.3

0

MIN TEMP
()
=0, 3
() " (()
L2

115,08
443,15
7du| 1
1313.8
1700.3
171%5.8
LHRE WS
1421.3
1063.2
48206
116.0
78l

Y01.5

HOLAR RAD
CI/Z70M270AY)
héal
470506
808.3
114641
16113
1843, 4

0.18
0.39
0.44
0.53
0.56
0,52
0,52
0.%54
Q.55
0.38
0.17
[T R4

0. 41

RET IO

0.10
0,44
Ouhb
0. 46
0.53
Q.56

JuLY 7 66.9 21,8 10,2 18469 0.59

ALIG 11 25,0 24,5 1343, 0,51
l': !"' e‘\ 4 "1’ l “7 3. ERWAY .I' vl £\ ) ‘! Fay ‘7‘ I“: ) I) = | "‘1’
BT 4 56t i) it R rEE B
NOV. 1% 34,1 8.4 1.6 2117 0. 31
DEE. 16 83,8 2.0 2.1 9%, 4 0,19
TOTAL 180 03,7 . . .

AVER., 13,2 5 9175 0253



SUMMARY FOR YEAR 4

MONTH  WET DAYS  RAINFAL
(MM
JAN, 24 80.2
FEB . 7 2747
MAR ., 22 80.0
APR. 11 23.3
MAY . 15 GALT
JUNE 14 AV
JULY & 8.5
ALG. 10 218
GEP 1é 8.0
0eT. 13 G
NOV. 13 4104
DEC, 1.8 42,8

«~N

TOTAL 171 WA .4
AVER.,

SUMMARY FOR YEAR <

MONTH  WET DAYSE  RATNFAL
(MM
JAN, 2R 67.9
FEB. ¥4 2.1
MAR 1.0 479

- 63 -

MmAax TEMP
o
2.6
)
S

11.4

1 O f.'!

fMAX TEMP
)
4.9

a4
o X

MIN TENMP
C)
-
=0, 8
~Qub
2.7
7.3
1144
12.5
10.4
9.0
&H.5
0.1

MIN TEMP
o)
g
=08

A

GOLAR RAD
CA/7GR27DAY )
7743
489.3
794 .4
131304
17’?n4
17658
1&63"5
16105
1070.7
4L)()v \r
2445
81,9

PEHS .0

SOLAR RAD
CJZ70M2/DAY)
10% .6
3/0"9

pE

RAOTIO

0,12
0.4
0.4
0.53
0.7
0,54
0. 59
[P
0.56
0.37
034
0.164

0. 44

RATITO
0.16
0.3%

£). 40

APR., pege) 42,1
MAY . 2 66,6
JUNE 14 G746
JULY 10 118.2
ALG. 12 29.0
HEP . 1é 73,5
ocT. 13 355
NOV. AN 681
NEG. 2 49,4

TOTAL 18
AVER.

e
gl
fx=1

696.0

SUMMARY FOR YEAR b

MONTH  WET DAYS  RAINFAL
MM
JON. 22 74.0
FEB . 14 42,3
MAR. 21 76,5
APR ., 19 35,3
MAY., 19 78.1
JUNE 12 63,8
JULY 13 42 .4
ALIG. 4 34.0
GEP . 10 1.1
NneT. 1% 8.0
NOV., 21 4044

14.4
19.7
i
2.6
24,2
1.2
1/"1

MAX TEMP
()

2.9

4.9

.
8.2

13.7
14.9
243

21,59
22,8

17.3

16,0
Pubh
R4

&
G
12,0
1o
12,5
6.3
Pul
2.3
Q)

&l

MIN TEMP
(g0
=1l
Onu
W0
a0
R
JOuJ
w7
9"?
Gal
Ha®
K¢]

1%00“u
1666"4
‘2)'!0 nu
1802, 2
1383.3
1033, 4
GO2.9
193.3

..... )
EANIN N

PEHRLY

SOLAR RAD
CJ7EM2/DAY)
Y87
X754
804.7
1?Wu"7
1703.7
1984.8
1773.0
1477 .4
L127.3
G017
144.8

0,57
0,"5
0,59
Q.57
052

0.53

0.50
Q.28
0.14

0. 44

RATTCO

0.16
0436
0.46
0454
0.56
0.60
0WG7
0,56
0.5
On9
0.0

DEe.. 14 e VA ) Tty R0 4 Ot
TOTAL 188 617.4 - - o
AVER. 13,4 4,9 RH0"T 0 E G
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GUMMNARY FOR YEAR 7

MONTH  WET DAYS  RATNFAL MAX TEMP  MIN TEMP  SOLAR RaAD RATI
mm) () () CJ/0RM2/7DAY)
JAN . 24 1O, G dal =0, 4 &7 0.1
FEB. 11 G3al Hal 1.8 354 .8 0,33
MAR . 10 3.7 Pl 3.1 Q4T 4 0. 0%
APR . 11 5.9 12,5 al 13299 .6 0,53
MAaY. 12 21,3 10,6 8.9 La4ad .8 0.54
JUNE 14 HQ . 21,9 P 1966, 0440
JULY 12 G590 B4 13,4 1210.8 0.4
AUG. 1% 32,6 227 Kl 1434.9 0t
SEP 14 G0 17.3 &al 978 .1 0.2
0eT. 18 47,9 13,2 a8 48046 0. 40
NOV, 2% 74,3 10.2 A7 104.,% 0. 15
DR 14 IR 4.8 =03 98,0 0.19

TOTAL 180 631.2 . .
AVER, 13,7

w7 P26 .8 0,42

em

SUMMARY FOR YEAR &

MONTH  WET DAYS  RAINFAL  MAX TEMP  MIN TEMP  SOLAR RaD RATIO
(MM o) o CH/GMA/DAY)

JAN. 19 Hh 1.3 =34 146.7 0.2

FEB . 7 18.1 404 0.4 484, Ouhh

MAar. L& Gl.7 &9 2.0 870.,7 0.5

ARR ") (A R ) LG40, 4 0..159

MAY . 16 47 .6 1S 8 6.7 1567.7 0.1
JUME 13 4%5.0 2325 10,4 197646 040
JULY 19 X4 Q4.5 1.9 1796.0 0,87
ALIG. 12 31,9 ICIY] 1.2 14608.0 Oudl
SEP . 14 29,9 1747 Ta 104%5.0 0.54
OCT. 19 G311 15,3 el H40.0 0,462
NOV., 14 42,7 9.7 3l 1965 028
DEC. 19 G5 4 bub 240 82,5 Ould

TOTAL 177 541.,9 N o »
AVER. 1505 5 979.7 0 4%

sumMmARY FOR YEAR 9

MONTH  WET DAYS  RAINFAL  MAX TEMP  MAIN TEMP  S0LAR RaD RETIO
(MM o) oD CS/0MR/DAY)
JAN 20 B0.7 3.0 I 165.7 0. 24
FER . L& 7608 209 =23 335,05 0.3
MAR. an &9.8 7.4 Qa4 746,89 0.44
APR. 14 504 1346 Gad 13214.,0 050
MAY . 7 G0.2 18,8 &7 18048 0.59
JUNE 17 100.1 2047 10,5 17869.7 0.4
JULY 19 86,0 Ax 4 10.8 18026 0.57
ALG ., 22 102,32 23.8 1144 12324.3 0. 46
SEP . 18 11044 1944 P Y47 . 6 0. 49
ocT. Jedes Pl 14,6 6.7 4661 0.37
NOV., 17 7041 [P 0.8 179 .8 0.23
DEG. 28 113.9 b4 Oul 41.7 0.08

TOTAL 222 L0045 ; —— ——
AVER., - 13.3 G 3 891,75 0440




SUMMARY FOR YEAR

MONTH  WET DAYS

JAN, 20
FEB. 2
MAaR. 21
APR. 13
MAY. 17
JUNE 1

JULY ?
ALG., 1
GEP . 1
0eT. 1
NOV. 1
DEC., “

TOTAl 123

10

RATNFAL.

(MM
I |
22,3
80.6
1\’“ w
774

7146
47 .6
20.4
Hl. 8
45,0
A% .9
R

6366

.= 65 -

MAaX TEMP
)

4.4
"o

Eta =)

b9
13.4
17,8
21«7

24,5
Ivnu
1 e s,

1441

Fud

4.5

MIN TEMP
)

0.2
S

-y :)

AT

$"u

.
1.8
S
&0
a8

SOLAR RaD
CI/7CRAZDAY)
1294

499. 7

2AL.6
7043

RATIO

0,19
0,40
0.42
0.5
0. 40
0.57
Qudél
0.58
0.48

0.40
0. 32
0. 15

AVER.

OVERALL SURMMARY FOR
(AVERAGED OVER THE YEARS)
RATHFAL

MONTH  WET DAYS

JAN 21
FEB. 10
MAR ., 18
APR. 15
MAY. 13
JUNE 14
JULY 11
ALIG. 13
SEP . 14
0eT. 17
MOV, 16
DEC. 19

TOTAL 190
AVER .

(MM
70.9
41.9
70,6
33.8
$0.0
0.5
6741
37,5
N4.7
H5P.R
6804

bR 7

4968

13.1

LOYEARS

MaX TEMP
)
Bad
441
7ub

12,9

18.0

22 ‘(1

o\) .\x " \'

DAL

18,0

14,6
9.0

e

1505

MIN TEMP
o)

- () “ (?

=0u3

1.8
4uu

\)i ()
10WH
11.6
1044

7.9

Gl

2.6

0.5

a3

PH7 .3

SOLAR R&D
(J/7CM2/NAY)
1136
418.7
S16.9
130%6G.7
1706.3
1964.8
1801.1
1447 .3
IOZKnb

Y4304

004l

ROTIG

0,17
0.39
0. 47
0.53

[T
0.57
[V
0. 54
0.4
0, 2%
O.lé

0. 4%




SUMMARY  OF

MONTH
JAN,
FEB W
MAR .
APR .
MAY .
JUNE
JULY
AUG .
HEP .
(111
NOV .
DEC.

WET DAYS

24N
4,46
el
a7
4,07
2.3
4a4)
4040
2u4l
3.5%
4.07
4,09

SUMMARY OF

MONTH
JAN.
FEB.

A AL
HHAH

WET
078
147

1 )

DAYH

RATINFAL

16,05
22,232
20,34
17,02
17.04
20,74
30,98
23,17
2h. 36
2237
A7489

22,56

RATNF AL

G.3%3
7.03

P A |

.= 66 -

STANDARD DEVIATIONG

MAX TEMP

1ulé
1.04
1,40
Ll
1a.56
1.19
1.28

1252

130
1u38
1. 40
1 w37

STANDARD ERRORS

max TEMP
0.37
0,33

[A /YA

MIN TENMP

Y
La264
1,18
1.36
1.42
1.03
1.1%
1.13
La4a

.28

1.41

1,232

MIN TEMP

04,43
0.40

)., A”7

GOLAR RaD
3074
6% . X4
O, 82
9342
88,17
99,19
84,94
116,85
64,54
HH.18
47,12

16,78

SOLAR RaD

20,46
20,50

RATIO
0,04
0.06
0.04
0.04
0.03
0.03
0.03
0.04
0.03
0.0%
[V
0.03

RATIO
0.0
0.02
001

APR .

DEC.

1.76
1,29
0.74
1.39
1.39
0,78
.12
1,39
1 .29

GUMMARY OF

MONTH
JAN.,
FEB W
MaR.
APR.
MAaY.,
JUNE
JULY
ALIG .
SEP W
OCT.
NOV .
DEC.
POD

WE'T
0.12
0,47
0.9
0.37
027
0,17
0. 40
0.34
0,17
0.21
0.2
Iy

n AL Ay

PG
Ga 39
T
9. 80
7033
&34
7,08
11.98
7.13

COEFFICTENTS

RAOTINF AL

0.4
0L5H3
0.2
0,50
0.2
Q.29
0,464
Ounbh2
0.48
0.38
0.5%

0.36

0,30
0.49
0,38
Q.40
0,48
Oun4l
0.44h
0. 44
0,43

0.4l
O.4%
0,33
037
0.36
0.46
0.40
Ou4d
0.39

OF VARTATION

mAaX TEMP
0.3
Q.26
0.19
0.09
0.09
0.0
0.0%
0.07
0.07
0.09
0.%
0.27

MIN TENMP

S WRvH
by 70
0.6
0.28
0.18
0.10
0.10
0.1
0,18
0.1
0.4
2,49

29 .54
27,88
31 .37
R, 87
RbH.9G
20441
17,45
14.90

]

SOLAR Rab
0,27
Ould
0.08
0.07
0.05
0.0%
0.0%
0.08
0.04h
0.1
0.6
0.2

0.01
0,01
0,01
0.01
0.01
0.01
0.02
0.02
0.01

RATTO
0.4
0,15
0. 08
0.07
0.0%
0.0%
0,05
0.08
0,06
0.12
0uRé
0,21
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APPENDIX C.

PHc
OME YEAR SIAULATION FOR WAGENINGIN
RUN ON mAY 28, 1983

TRy "8(: VAOEROO
ATXs 18.93000
VY= 0. 134600
ACYTX= -0, 04900
TXREb S 2ER00
41.39100
ATM= 1L, "5’»{:()()
CUTH 27300
ACVUT () 07900
R0 63, 83899
AR ':,-)((). QOReY
Bl 180, 19000

GEHIFRATION PARAMETERS

PRECIPTIATION
PR O..w()"’ 0.706  0.736 0,715 0,689
|’(’tl/|)) 0 374 0,205 6.383  0.302  0.33%6

0,809  0.767 0.797  0.806  0.808

G001 4.047  4LBT79 0 R.984 4,062

MAXT NUN 'lf MPERATURE
Trmn = . 403
ATY = 18,930
YT = 0u136
ACYTX =
TXMAW =

PENTRUS TERPEFRATURE
T 41,291
HTHE = L1.285G
CUTH = 0.173
ACVTN = =0, 079

HOLAR RADTATTON
RED = 24T, 839
AR == T’(’(‘r 010
R H0.190

0.
[ 1 4

7. 30%

QL5079

0.2 .’.\u
() l"|‘
) ‘(303

PR

0,310
0. 604
Ha 710

o OO

L
0 W76
5., 790

0. 680
0,362
0. A65R

5,357

[Carae
Oudh?
0.707

A0

0.7¢
0,395

()

T

0]
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SINULATED DATLY WEATIER UALUES

FONTH  DATE YEAR  JULLDATE  RATHEALL  RAX TERD MIRC TEAR 000 AR Rab
(MM ) () CHACRRADAY)

F.G 0.0 A% 0,34
Tl L A 0.0%
Fa 3 RN & 0,00
0.3 Bl & G 00
R VR 6 0.0
0.3 S2a? 7 0,00

1 1 i 1
1 1 : i
1 1 3
1. 4 1 4
1 1
1 |

o

ot
W

&

0.0
0.0
0., 0%
(LR
0.0%
0,00
042
(SN
G.4l
() , A

- NG o
2o N
—~ o~
o
Qw3 ooq e
SE LR

A
~
70—
Lo RN

ca

'r

~
<
—~
<

<
-
<
~
fod

o on R oy e et
- e
< B
— =
< ey

0.0
0.0%

2 3 h 0.0

2 4 1 0.0

@ ] 1 0.0

2 b 1 0.0

2 7 1 0.0

P i) 1 4.8

2 9 1 b d

2 1o 1 1.2

@ 1 1 &7

2 12 1 &7

2 13 1 2.8

2 14 1 0.

@ 15 1 0.9

2 16 1 0.0

2 17 1 0.0 0. 44

? 18 1 0.0 0.19

@ 19 1 0.0 0.6l

@ ; 1 0.0 0.5 |
2 1 0.l 0,05 |
2 1 0.7 0. k0 |
? 1 18,9 0. 40 |
2 1 0.7

2 3.1

? 1.4

L)
0.0
0.0

0.9
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