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A CSMP-program for computing Thornthwaite's

classification of climate

Inttoducfion

The climate is to a large extent determined by the moisture relationships.
We cannot tell whether a climate is moist or dry by knowing only the precipi-
tation. We must know whether precipitation is greater or less than the water
needed for evaporation and transpiration: precipitation and evaporation are
equally climatic factors. Since precipitation and evapotranspiration are due
to different meteorological causes, they are rarely the same in amount or
distribution throughout the year.

In some places more rain falls month after month than evaporates or
than the vegetation uses. The surplus moves through the ground and over it
to form streams and rivers.

In other places, month after month, there is less water in the soil
than the vegetation would use if it was available. There is no excess of
precipitation and no runoff, except locally where the soil is impermeable
and cannot absorb the rain on the rare occasion where it falls. Consequently
there are no permanent rivers, and there is little drainage to the sea.

In still other areas the rainfall is deficient in one season and
excessive in another, so that a period of drough is followed by one with
runoff. The march of precipitation through the year almost never coincides
with the changing demands for water.

Where precipitation is in excess of water need, the climate is humid.
Where water need is in excess of precipitation, the climate is arid. Where
precipitation and water need are equal or nearly equal, the climate is

neither humid nor arid.

Determination of the type of climate

The procedure is on the basis of C.W. Thornthwaite's method of climate
classification, except the calculation of potential evapotranspiration.

This method consists of:

I. Calculation of monthly, or daily values of potential evapotranspiration,

according to the climatic data.



2. Evaluation of the monthly water balance table.
3. Calculation of moisture indices, according to water surplus, and
water deficit obtained from water balance table, and total yearly

potential evapotranspiration.

Potential evapotranspiration as a climatic factor

In a desert, the vegetations are sparse and they use little water because
of shortage of water. They would use more water, and would be less sparse, if
more water would be available. There is a distinction, then between the
amount of water that actually transpires and evaporates and that which would
transpire and evaporate if it was available.

When water supply increases, as in a desert irrigation project,
evapotranspiration rises to a maximum that depends only on the climate. This
we may call potential evapotranspiration as distinct from actual evapotranspi-
ration., “

This most important climatic factor is defined as the amount of water
which will be lost from a surface completely covered with vegetation if

there is sufficient water in the soil at all times.

Calculation of the potential evapotranspiration

For the selected stations potential evapotranspiration is calculated

according to PENMAN's formula:

A/y x Ho + Ea
Ay + 1

Eo =

Eo = Energy used for evaporation from open water in cal.cmﬂzday—]

A = Slope of saturation vapor pressure versus temperature curve at the
temperature of the air. mm Hg/c®

y = The psychometric constant, or ratio of specific heat of air to the
latent heat of water vaporization (0.49 mm Hg/c®)

Ho = The net radiation in cal cmazday-l. It can be calculated from:

Ho = R(1-r)-RB

R = Total incoming radiation in cal cmw"zday"l

r = Reflection coefficient, 0.05 for open water

RB = Total outgoing radiation in cal cmfzday_l. It can be calculated from:



RB =0 T (0.56 - 0.09 Ved) (0.10 + 0.90 n/N)
¢ = The Stefan Boltzmann constant, 1176 x 10-10 cal cmﬂzday_1

The absolute temperature of the air in K°.

ed = Saturated vapor pressure at the temperature of the air in mm Hg.

n/N = Ratio between actual and possible hours of sunshine

Ea = 0.35 (ed-ea) (1 + U2/100), is the drying power of the air in mm of water
ea = Vapor pressure of the air in mm Hg
U2 = Wind speed in miles per day at a height of 2 meter

PENMAN's equation gives estimates of open water evaporation. The
potential evapotranspiration from a vegetation surface is somewhat different.
The ratio between both varies with the properties of the crops.

In this paper evaporation from an open water surface is used for the
potential evapotranspiration.

The potential evapotranspiration for BET-DAGAN, Israel, 32°N,
34049’E,is calculated from daily weather data. For the other selected

stations monthly data are used.

Evaluation of the monthly water balance table

When the potential evapotranspiration is compared with the precipitation
and allowance is made for the storage of water in the soil and its subsequent
use, periods of moisture deficiency and excess are clearly revealed and an
understanding of relative humidity or aridity of a climate is obtained. In
some places and times precipitation is always more than the evapotranspiration
so that the soil remains full of water and a water surplus "S" occurs. In
other places and times, precipitation is less than potential evapotranspiration:
there is not enough moisture for vegetation to use and a moisture deficit
D" occurs.

Places with both wet and dry seasons normally show:

1. A period of\full storage, when precipitation exceeds water need and a
moisture surplus "S" accumulates.

2. A drying season when stored soil moisture and precipitation are used
in evapotranspiration: storage is steadily reduced, actual evapotranspiration
falls below the potential and a moisture deficiency ''D" develops.

3. A moistening season when precipitation again exceeds water need and soil

moisture is recharged.



The values of 'S" and "D" are computed during the budgeting.

The moisture holding capacity of a soil depends on the depth of the soil
layer considered, and the type and structure of soil. It can be varied
from just a few mm on a shallow sand to well over 400 mm on a deep well
aerated silt-loam.

In this paper an average of 150 mm is assumed.

Table 1 presents the water balance computation for BET DAGEN, Israel, for
the year 1968.

When the precipitation is greater than the potential evapotranspiration
the actual evapotranspiration equals the potential for at those times there
is sufficient moisture in the soil so that evapotranspiration can proceed
unhindered. When the precipitation is less than the potential evapotranspi-
ration, the actual evapotranspiration equals the precipitation plus any
moisture stored in the ground which is evaporated or tranmspired (the
storage change). Moisture dificit and surplus follow simply from the book-
keeping calculations, the former being the difference between potential and
actual evapotranspiration while the latter is the excess precipitation which
occurs when the moisture holding capacity of the soil layer under consideration
is full of water. '

The moisture surplus is the water which is available for run-off into
streams, rivers and so on.

The moisture detention is the total of the moisture stored in the soil
layers at different months. This value can rise considerably higher than
the total water holding capacity of the soil for it includes also the
gravitational water, the water above the field capacity of the soil and
the moisture available for later surface or stream run-off.

The water balance computation and its relative graphs provide a good
insight into the moisture relation of an area. For instance, at BET DAGAN,
Israel, (Fig. 1), the potential evapotrangpiration is small in winter but
in early spring it rises rapidly reaching its highest value of the year
of more than 200 mm/month in July. It falls rapidly during the autumn months.
The precipitation is also not uniformly distributed throughout the year. From
midspring till the end of summer there is no precipitation at all; this is
the dry season. The rainiest months are December, with more than 200 mm,
January, with more than 100 mm and November, with less than 100 mm rainfall.
Nearly all the precipitation comes in winter, when evapotranspiration is
small. It forms a water surplus and it runs away after recharging the soil

moisture storage.




Water balance computation for BET DAGAN, Israel, 1968
150 mm depth of water stored in soil at field capacity.
(A1} values in mm )

Jan. Feb. Mar. Apr, May June - July Aug. Sep. Oct. Nov. Dec. Year
PE 36.3 50.5 95.7 126.9 171.4 191.7 200.6 181.2 143.2 85.3 48.2 33.1 1364.1
P 112.8 39.4 2.8 448 0.4 0.0 0.0 0.0 . 0.5 -40.3 73.2 229.0 565.2
Sto.ch. 0.0 -11.% -70.9 -68.0 0.0 6.0 0.0 0.0 0.6 0.0 25.0 125.0
Sto. 150.0 138.9 68.0 - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 25.0 150.0
Ac.E 36.3 50.0 95.7 112.8 0.4 0.0 0.0 0.0 0.5 40.3 48.2 33.1
D 0.0. 0.0 0.0 14.1 171.0 191.7 200.6 181.2 1b42.7 45.0 0.0 0.0 946.3
S 76.5 0.0 0.0 0.0 0.0 0.0 0.0 .0 0.0 0.0 0.0 70.9 147.5
Runoff’ 56.0 28.0 14.0 7.0 3.5 1.7 .9 4 0.2 0.1 0.0 35.5
M.D. 206.0 166.0 82.0 7.0 3.5 1.7 0.9 0.4 0.2 0.1 0.0 185.5

* Assuming that 50% of the excess water in a2 month runs off or percolates and the other 50% is carried

over to the following month.

PE = potential Evaporation
P = precipitation

Sto.ch. = Storage change

Sto. = Storage

Ac.E = Actual Evaporation
D = Moisture Deficiency
S = Moisture Surplus

M

.D. = Moisture Detention in soil
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Application of the water balance for classification

A moisture index is obtained by comparing the water-need at a place
with the moisture surplus and deficit. It is an essential part of the
climate classification.

Where precipitation is exactly the same as potential evapotranspiration
all the time and water is available just as needed, there is neither water
deficiency nor water excess, and the climate is neither wet nor dry. When
water deficiency becomes large with respect to potential evapotranspiration,
the climate becomes arid; when the water surplus becomes larger the climate
becomes humid. When there is a water surplus, the relation between water
surplus and water-need constitutes an index of humidity. Similarly, when
there is a water deficiency, the ratio between water deficiency and water
need constitutes an index of aridity. Expressed as percentage these two

L4 °
indices are:

100 S and |a = 100D

PE PE

Ih =

where lh and la are indices of humidity and aridity, S is water surplus,
D is water deficiency, and PE is water need, or potential evapotranspiration.
Since water surplus and water deficiency occur at different seasons in
most places, both must enter into a moisture index: one affecting it
positively and the other negatively.
Assuming that a surplus of 6 inches in one season counteracts a

deficiency of 10 inches in another, the moisture index is:

Im = 1005 -60D (Thornthwaite)

PE

Moist climates have positive values of Im, and dry climates have negative

values.

The legend below specifies the different climate types with respect

to the moisture index.

CLIMATE TYPE MOISTURE INDEX
A Perhumid 100 and above
B4 Humid 80 to 100
B3 Humid 60 to 80
B2 Humid 40 to 60
Bl Humid 20 to 40
C2 Moist subhumid 0 to 20
Cl1 Dry subhumid =20 to 0

D Semiarid -40 to =20

E Arid -60 to =40



The moisture index for BET DAGAN is:

o o €100 x 147.5) - (60 x 946.3) _ _
1364.1

| 30.7

so that climate is Semi arid (D).

Seasonal variation of effective moisture

The moisture index indicates how arid or how humid a climate is, but
it can not distinguish climates with seasonal moisture variation from those
without it,

It is important to know whether a place is continuously wet of continu-
ously dry, or whether it is wet in one season and dry in another. If there
is a dry season in a moist climate, it is necessary to know how dry it is;
~and the reverse in an arid climate. In moist climates the water deficiency
may be large, moderate, little, or non~existent. In a dry climate the same
is true for the water surplus.

These climate subdivisions are defined in terms of the humidity and

aridity indices as follows:

MOIST CLIMATES (A, B, C2) ARIDITY INDEX
r little or no water deficiency ¢ =-16.7
s moderate summer water deficiency 16.7 - 33.3
w moderate winter water deficiency 16,7 = 33.3
s2  large summer water deficiency > 33.3

w2  large winter water deficiency > 33.3
DRY CLIMATES (Cl1, D, E) HUMIDITY INDEX
d little or no water surplus 0 - 10

8 moderate winter water surplus 10 - 20
w moderate summer water surplus 10 - 20
82 large winter water gurplus > 20

w2 large summer water surplus > 20

The symbols s, 82, w, w2, have the same meaning in both moist and dry
climates in spite of the fact that they are defined differently., They refer
to the season when rainfall is most deficit.

The humidity index for BET DAGAN is:

h = 100 x 147.5 _ 10.8

1364.1

and indicates, little water surplus (d).



Index of thermal efficiency

Potential evapotranspiration is also an index of thermal efficiency.
It possesses the virtue of being an expression of day length as well as
of temperature.

In equatorial regions, where mean monthly temperature does not vary
appreciable through the year, a mean annual temperature of 23°%C is a
reasonable boundary between megathermal and mesothermal climates.

When the mean temperature of every month is 23°%C for places on the
equator, so that there is no variation in day length, the potential
evapotranspiration is 114 centimeter according to Thornthwaite's original
way of computation. This is taken as the index that separates megathermal

and mesothermal climates. Other boundaries are as follows:

PE as CLIMATE TYPE
THERMAL INDEX
cm
14,2 E” _¥rost _____
28.5 D___Tundra ____
42.7 g;% Microthermal
57.0- -
71.2 - BZ1 i,
85, 5-=mm — BZ2 -
99,7 B°3 Mesothermal
114,0mmmmmmen BZ4___ -
A-

The various subdivisions of mesothermal, microthermal and humid
climatic types do not have individual names but can be referred to only by
symbols. Thus it can be said first, second, third, or fourth mesothermal,

The thermal climate of BET DAGAN, with PE = 136.4 cm, is megathermal
(A7).

Summer concentration of thermal efficiency

At the equator, where day length is the same throughout the year and
temperature is also uniform, there is hardly a seasonal variation in
potential evapotranspiration. With no variation no season can be called

summer, and potential evapotranspiration of any consecutive three months



will constitute 25 7% of the total annual. On the other hand, in the polar
regions, where the growing season is entirely within the three summer
months the potential evapotranspiration of these months will constitute

100 7 of the total. Between these extremes, as potential evapotranspiration
falls from the characteristic of megathermal (A”) climate to that of frost
(E”) climate, the part that is concentrated in summer gradually rises

from 25 7 to 100 %.

The total summer potential evapotranspiration is taken to indicate the
summer concentration of thermal efficiency. This value is calculated as the
percentage of the summer amount of potential evapotranspiration with
respect to annual total.

It can be also obtained from
§ = 157.76-66.4410gE (Thornthwaite)

where S is summer concentration in %, and E is potential evapotranspiration
in inches.

The legend below indicates the summer concentration types.

SUMMER CONCENTRATION SUMMER CONCENTRATION
in 7 Type
48.0 SN S
51.9 —— L.
56.3 - S Y S
61.6 ~emebR2
68.0 - b1
LT R — <2 .
T Y ¢l
o

The summer concentration index for BET DAGAN is 41, which classified it a”.

Elements of the classification

Four symbols used together give a complete description of a climate.
BET DAGAN, (Da da”), is semiarid, megathermal, with little winter water
surplus, and a summer temperature efficiency regime normal to megathermal.
Table 2 presents the necessary elements and the climates of some selected

places around the Sahara.
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Comparative yearly moisture date of selected stations

13,00

Water Summer Precipi- Water Water Humidity Aridity Moisture Climate
need need tation surplus deficit ind. ind. ind. type
ST. LAT. LONG. mm mm mm mm - mm
1 13500 N 07530°E 17h4 .4 27.1 910.9 77.1 310.6 L.k 52.2 -26.9 DdA“a”
o 2 11,00 N 07,30°F 153k.2 23.1 1430.5 468.5 572.2 30.5 37.3 8.2 C2w2A"a”
45 3 07,00 N 07,00 E 1742.6 22.1 17044 349.6 387.9 20.1 22.3 6.7 C2w2A~a”
é? L 05,00 N 06,457E 1490.5 21.0 2b421.9 106k.2 132.8 71.4 8.9 66.1 B3w2A 2"
1 18,00 N 38,307E 1739.3 31.8 124.9 0.0 161h. 4 0.0 92.8 -55.7 EdA~a"
22 14,00 N 38,30°E 1476.1 25.6 1302.1 383.0 557.1% 25.9 37.3 3.3 C2wzA s~
,§' 3 09,00 N 38,00 E 1380.1 22.8 1109.5 212.9 583.6 15.4 35.0 -5.6 CiwA"a”
;§ b 04,00 N 38,00 E 1917.3 23.5 239.5 0.0 1677.8 0.0 87.5 -52.5 EdA"a”
o | 37,00 N 10,60 E 1241.7 47.2 572.0 0.0 669.7 0.9 53.9 -32.4 DdA“a”
:5 2 34,00 N 10,307E 1383.3 LL 6 185.1 0. 1198.2 0. 8e.6 -52.0 EdA“a”
§ 3 31,30" N 10,00 E C1412.8 43,6 146.0 .0 1266.8 0.0 89.7 -53.8  EdA"2”
1 36,00 01,00 W 1222.6 bh .6 k09.0 0.0 813.6 ¢.0 66.5 -39.9 DdA"a"
§ 2 34,00 05,00 W 1228.2 43.3 - 54g.6 0.0 687.6 0.0 56.0 -33.6 DdA"a”
:§ 31,30 08,00 W 1298.9 4o.1 222.2 6.0 1066.8 0.0 82.1 -49.3 EdA”a”
-1 16,30 15,00 W 1847.3 30.3 364.9 0.0 1482 .4 0.0 80.2 -48.1 EdA‘a”
§’ 2 15,00 N 15,00 W 1801.3 28.2 557.7 0. 1243.6 .0 69.0 -41.k EdA-a”
E 3 15,00 W 1741.9 25.0 1395.7 502.7 8k8.9 28.9 L8.7 ~G.h Clw2A~a"

® June, July, August

o

(=]
4
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Temperature and precipitation data used for these stations are mean
monthly values of ten years available observed data.

Wind speed, due to the absence of observed data for the stations, is
considered as 80 km dayml, which is a mean of ten years monthly available
observed values in BET DAGAN, Israel.

Figure 2 gives the water balance diagrams for each station. Locations

of the selected stations are given in plate 1.
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Programming

A program for computation of the factors of climate clagsification
is given at the end of this paper. The computer program is written in
CSMP (Continuous System Modeling Program), which improves readability to
a large extent by providing a large number of subroutines. This program
has nearly the same order and the same organisation as an ordinary

written explanation.

Description of the program

The program consists of the following parts:

l. An initial part which consists here out of the storage and input data.

2, A dynaric part that computes monthly and yearly actual, and potential
evaporation storage in the soil, changes in storage, water surplus, and
water deficiency.

3. A terminal part that computes the moisture indices.

The lines in the listing beginning with an asterisk are not executed
by the computer, but indicate comments. Three points following each other
at the end of any line in the listing indicate that the expression is
continued on the next line.

The CSMP symbolic names of functions used in this program are

described below:

Symbol Function Symbol Function
+ | addition %k exponentiation
- subtraction = replacement
% multiplication / division

ALOG natural logarithm

ALOG10 common logarithm

ATAN arctangent

SIN trigonometric sine

Ccos trigonometric cosine

SQRT square root

EXP exponential
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PARAMETER indicates the value of constants.

INTGRL is the integral function of CSMP. It performs the correct

integration of the rate presented by the second variable between parenthesis,
the value of the first name or number represents the level of the integral
at the beginning of the program. For instance:

STOR = INTGRL (150., STCHGE)

Evidently the initial value of this integral is 150,

AMAX1 indicates that the maximum value of given arguments between parenthesis,
is to be taken as output., For instance:
WTSURP = AMAXI (0. ,PREC-ACTEV -(1ISTOR-STOR)/DELT)

If STORage is less than Maximum STORage, the difference between PRECipitation
and ACTual EVapotranspiration first starts to recharge the STORage up to its
maximum value. Therefore, the WaTer SURPlus is the difference between PRECi-
pitation and ACTual EVapotranspiration minus the difference between Maximum
STORage and STORage.

If this value is negative, there is no water surplus, the maximum value in
parenthesis is then 0 and will be considered as output.

When the PRECipitation is smaller than ACTual EVapotranspiration, clearly
there is no water surplus and again the maximum value in parenthesis is 0.
AMIN1 is a functional statement, which takes as output the smallest of the
arguments given in parenthesis. For instance:

ACTEV = AMIN} (PREC+STOR,EVAP)

means when PRECipitation plus STORage is larger than EVAPotranspiration,
ACTual EVapotranspiration equals potential EVAPotranspiration. When PRECi-
pitation plus STORage is smaller than potential EVAPotranspiration, this

sum will be the ACTual EVapotranspiration.

STEP is a function of time only.
Y = STEP(P)

This means Y is O before time is P, and is | from time P on.

LIMIT is a limiting function.
STOR = LIMIT (0., MSTOR, COMPST)
This sets STORage equal to 0 or Maximum STORage when the COMPuted STorage

is smaller than 0 or larger than the Maximum STORage, respectively.

ZHOLD is a memory function to store the second variable in parenthesis at
a certain time,

Y = ZHOLD(S,X)

As long as S is equal or smaller than 0O, Y keeps the same value. When

S becomes a positive, Y equals X.
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Qutput and run contyxol

As soil STORage in the first month of a year depends on the storage of

the last month of the previous year the Maximum STORage is not necessarily
the initial value of the STORage.

To obtain this value the program is run for two years, whereby only the
values of the second year are considered. During this time the values of
variables must be printed.

Therefore, besides statements defining the structure of the program, run
control statements must be given also.

The PRINT instruction states the variables to be printed in a standard
format as can be seen in the output.,

The PRTPLOT instruction generates plots of the variable against time,

The instruction on the line labeled with TIMER indicates the duration of
calculation (FINTIM, months) and the time intervals between printing
(PRDEL) and plotting (OUTDEL) and calculating (DELT).

METHOD RECT calls the subroutine for rectangular integration.

The END indicates completion of the calculation for that run of the program.
One or more new parameters or function definitions between two END lines
generate a rerun using the same program except foxr the newly defined
variables,

The last run of the program is characterized by STOP after END.






FAGRCOANT IMNUCHS SYST=M MIDELING PROG RAMckskok
REXPROBLEM IN2UT STATEMEMT Sikeex

TITLE PROCRAMME T CALCULATE CHARACTERTISTICS FNOR CLIMATE CLASSIFICATION,
TITLE CALCHLATION FCOR MDRACTO STATICN 1
INTTTIAL
STORAGE TU12),VPI12)sH(12),PR12}3,D(12)
TARLFE T(1-12)=106e73 11at 3140331506319 32261324:9925:.6423.3,18,941%54512.1
TIABLF PR( 1-!?’:7301 51.3,‘910@,1*6.8'20021@07,1t 5,607912’49550 1941.515%.9
TARLE H{1-12)=5.35:59703 763963209100 9902570 100 150k 9be
TARLE VP{1-12)=5c85 €09 Tl 37eB37e6230cH31101910e89Qeb 9% 9B69565
TARLE D{1-12)=210329e93)e1?0e9315 92053210 9216930033152 0.,431,
* TEMPFRATURE, PRECIPITATION, ANURS OF SUN SHINF, VAPNOR PRESSURPE, AND-
* MUMBER NF DAYS 2R FACH MCONTH OF THE YFAR.
GEMMA=D 60
¥ PSYCHROMETERIC COMNSTAMT
PARPAMFTER WS = 80,
¥ WIND SPEFD IN KM, /DAY
HED = WS/1.6
= WIND SPEFD IN MILES/DAY
PARAMETER AT =36
* LATITURE OF THE STATION
STML=SIN(£.2832% L AT/360,)
CNSL=CNS{A2822%L AT /346( )
* SINE AND COSINE 2F THE LATITUDE
DYNAMIC
NNSORT
FIXED 1
T=AMOD{TIMNF,12.)+1. 01
= INDEX 0OF TIME
PMONTH =1
* THE MDNTH AS TIME
BPREC = PRI{I)
TMPA = T(1)
HRR HI{T)
VPA velT)
Nn= DT
¥ PRECIPITATINN, TFMPEFATURZ, 40URS OF SUN SHINEs VAPDP PRESSURE, AND-
* THE NUMRFR OF DAYS, ACCORPDINS TO THE TNMPUT TABLES AT TIME INDEX
SORT
PR = 1 178E=T7%{TMPA+273, )45 4% (D 58=-0, 0O%SQRT{ VPA) ) * {0,104+, 9%HRIBR/MHRR)
* QUTGOING RADIATION
MHPB=12.+424./3.1416%ATAN( SINBX¥STINL/ SQRT(CCSB*COSB-STNL*STNLY)
*OMAXIMUM RRIGHT HIURS OF SUM SHINT
H7EP0O = RAD*({1,~FEFCF}-RR
¥ NET PADIATION
RAP=QA% {0, 28+0,04%HRB)
* INCOMING RADIATION
DA=RBO /20 F 12D ¥ 1e=eCh *DEZ /23,41 (MHPBXSINL¥SINB+24, /56 ,2B32%2 % L.
SART(CNSLACOSLHCNS3IKCISR- SINL¥S INL*STNBXSINB) )
» TNCOMING RADPTIATION DUT OF TH: ATMOSPHERFE
PAFAMETER FREFCF=0,05
F REFLECTICN FACTOR FOP DPEN WATER
TA = 0287 {SVYPA-VPA)®{(.E+WSP /1 0O0.) *LHAVAP
* DRYING POWFR OF THE ATF IN CAL./CMk%2
PARAMETR LHVAP = 50,
F LATENT HEAT OF WATER VAPDRIZATION
SVPA=4, 58FEXP(1T7.4FTM2D/(TUPA+239))
¥ SETURATION VAPOR PRESSURE QOF THE AlPR

([l



NELTA=17, &*QVDA*(lg—TMPA/(TWPA*ZBU))/(TMPA*ZBQ)
* SLOPF OF THE SATURATION VAPOR PRI SSURF VERSUS TEMPFRATURE OF THE AIR
rvAp = (H?FPﬂ*DELTO/GANVA+Fﬁ)/(1.+)FLTA/GAMMA)*ND/LHVAP
* MONTHLY POTENTTIAL EVAPORATION IN MM
DFT ==234%CNS{6,2832/1 2. {TIME+ D, 82))
#* DECLINATINN OF T4F SUN IS CALCULATED IN THE MIDDLE NF FACH MOMTH
COSB=C0S{A.22324DEC/35(,) ’
SINP=SIN(6,2822%DELZ /360, )
* SINE AND COSIND 2F THE DFCLINATION
STOP=INTGRL{150,3 STCHGE)
* STORAGE TN THE SJIL
STCHGE=PREC-ACTEV-WTSJFP
* CHANGES IN SDIL STORAGE
DARAMET ER MSTOR = 150,
* MAXIMUM STORAGE
YPEVAP=TNTGRL {Coy EVAP=YPI VAP ®RFNIY/IELT)
YACTEV=INTGRL (O y ACTEV-YACTEV=ENDY/DELT)
YWSURP=INTGRL{O .9 WT SURP-YWSURP*ENDY /DELT)
YWTDEF=INTGRLIC s MUTDREF-YWTDEFYENDY /DELT)
* YEARLY POTENTIAL, AND ACTUAL EVAPDORATION, WATER SURPLUS,; AND WATER-
* DEFICIT,
ENDY=TMPULS (12.,FINTIM)
* END OF THE YEAR
WISURP=AMAY1{ 0.y PREC-ACTEV- {MSTOR-STOR )} /TELT)
MWTDEF=EVAP-ACTEY
EMONTHLY WATER SURPYLUS AND DEFICIT
ACTEV=AMINI{PREC+STOR/DELT,EVA2)
# MONTHLY ACTUAL EVAPDFATICN
PEYAP3I=7HCOLD{ C.5-ENDUW, YPEVEP)
PEVAPC=ZHOL NI, 5-ENDS, YPILVAP)
WIDEF3=ZHNLLC{D. 5 EMDW, YWTDEF )
WTDEFO=ZHOLDIC.5 EVDSinTDEF)
WSURP3=ZHOLD{C.5-ENDW, YHSURP}
WSIRPS=ZHOLN{D.5-ENDS, YWSURP )
* POTENTIAL EVAPDORATION, WATER SURPLUS, AND WATER DEFICIT FOR-
* 3 AND 9 MONTHS
ENDW=STEP{D2M}
ENRS=STFP {DOM)
* END OF SUMMER AND WINTER
PARAMETER D3M=15,.5 $OM=21. 5
* D3IM TS END OF WINTER IN MONTH3O9M 1S END OF SUMMER
TIMER  FINTIM= 24,9DELT=1.9,PRDPZL= 1.,0UTDEL =1, ‘
METHOD RECT
PRTPLT PRECGFVAPZACTEV, TMPA
PRINT DMONTHsQA, Y2EVAPYWTDEF, YWSURP 3 YACTEVs MWTDEF s WTSURP,STDR
TEFMINAL
ARTND=1C0 .*YWTDEF/YPEVAP
HIIMIND= 100, YWSURP/ YPE VAD
MSTIND=FUMIND-C,6%ARIND
¥ ARIDITY, HUMIDITY, AND MDISTJRE IMNDICES
WRITE (€4850) ARINDyHUMIND s MSTIND
BE50 FORMAT(IH ; 6HARIND F6e.1,10H HUMIND F&.1,104 MSTIND F3.17)
$S=157 7T6-€ 6o 44 NLIGLOLYPEVAP /254 4) '
# SUMMER CONCIMTRATION DF THERMAL ZFFICIENCY
WRITE(64,925)5 » B
2% FOPMAT(IH ,26HSUMMER COMCENTRATION IS F10.27/)
SPEVAP=PEVAPI-PEVA®3
WPEVAP=YPFYAP-SPEVAP
SHTDEF=WTDEFI-WTDE=3
WATDEF=YWTDEF-SWTDEF
SWSURP=WSURPO-WSURS 3
WHWSURP=YWSURP-SYSURP



= POTENTIAL FVYAPDORATION, WATER DJDEFICIT, 2ND WATWER SURPLUS IN SJUMMFR -
* AND WINTFR -
WRITE{(A,800)
. R00 FORMAT(1H y51HSPFVAP WOEYAD SWTDEF WWTDOEF SWSypp WWS JRP/
-8
SRTTE(54B01) SPEVAPyWPT VAP, SHTDFFWHTREF; SWSURP s WHSURP
201 FORMAT(IH 4679.2/77)
JRITF (645,802) YPFVAP,YWTDEF, YWSURP, YACTEV,,STOR
<02 FORMAT(IH ,40HYPEVAP YWTOEF YWSURP YACT:ZV STOR/45F3.277)
ShE
T IMPUT DATA FOR SECDND STATION
CND
i I'\JDUT DATA FIR cooences STATIO\]
YTND
STOP






PROZRAMME TC CALCULATE CHARBCTOFISTICS Z0OR ZLIMATE CLASSIFICATION.
CALCULATION FOR MORACCO

TIiME

TIME

TIME

TIME

TIiME

TIME

TIME

TIME

TIvE

TIME

TIVE

1.4000E

1.5C00E

1.60C0E

1.7000E

l.BGQéE
1.900CE
Z.OOOQE
2-}OOOE
Z.ZOOOE
2.300CE

2.40COE

Cl

01

C1

o1

c1

cl

o1

01

STATION 1

DMONTH=  2.C000E
YWSJRP= (.
STOR = B.5493%

DMONTH=  4,(000NE
YHSJRP= (.0
STOR = £,5393%

DMONTH=  5,0000:
YWSJRP=

STOR = Q.0

DMONTH= £.0000Z

T YWSIRP= U7

STOR = C.C

OMONTH=  7.C0002
YWSJRP= (.0
STOR = (.0

DMONTH= R,00002
YWSJRP= (L0
STOR = 0.0

DMONTH= 29,0000z
YWSJRP=  (.C
STOR = (.0

DMCONTH= 1.0000Z
YWSJRP= (.0
STOR = (.0

DOMONTH=  1.1000%
YWSJRP=  Co(
STCR = C.C

DMCONTH=  1.2000:2
YHSJRP= (,C
STOR = 5,89982

OMONTH=  1.00002
YHSJIRP= 0.0
STOR = 32.3598%

An example of the standard CSiHP PRINT output.

00
01
Qo
01

oo

00

co

ee

oo

C1

01
oo
co

01

nA =

YACTEV=

QA =
YAC TE V=

Qs
YACTEV

Qr
YACTEV

it w

QA
YACTEV

wo

QA
YACTEYV

([T}

A =
YACTE V=

YACTE V=

YACTE V=

QA =
YACTEV=

QA =
YAC TE V=

6.8124E
T.24C5F

8,2409F
1.5440F

9.1732F
2. 45%CE

9.53C4¢E
2. 668CE

9.36FSE
2. 7T650E

Ba6423F
2. TBOOE

T.3678F
2.7870F

5.79645¢€
2.2110F

4.4455F
3.6620F

3.81A3F
3.818CF

4,1182F
4. 0900F

c2
01

02
c2

c?

02
c?

02
0?2

c2
ez

02
02

02
02

0?2
02

ECT INTZGPATION
YPEVAP=  7.2405F
MWTIEF= D"
YPEVAP= . 1.5640F
MWTDEF= 1.08RAF
YPEVAP=  2,6540F
MWTIEF= 1.£C11F
YPEVAP= 4, pE8NF
MWTIEF=  V.ET3€F
YPEVAP= 5,r 2RSF
MWT2XEF=  1.0%22F
YPEYAP= 7 ,008TF
MWTDEF= 1.7N0SF
YPEYAP=  3.7123F
MWTIEF=  1.04330
YPEYAP= 1.088Nn7
MWTDEF=  1.€785F
YPcvAO=  ],1508%
MWTIFF= 3.0
YPE/EP=  1,1954F
MWTIEF=  D.f
YPEVAP=  1,2226F
MWTIEF=  J.°

&

n?
c1

ne
c?

r2
(s

r2
r

n2

VYTHF F=
ATSIRp=

YWTNEF=
WTS2p=

YWTINRFF=
WTSIRp=

YWTNEE=
WYCIIp=

VUTPT F=
WY 0=

VWTTEF=
ATCIR D=

YUTNEE-
WTSIRp=

VUTPE Fe
ATCHI D=

VHTPCE=
TSI P

YWTNEF=
WTSIRP=

VUTNEF=
TSR P

5.2154F

Ne?

£ e Q253F

a
o T

7o 9%85F
n,r

RL13€1F

N7

f.1261°
Q. 0

1

(a4

o2

02

G2



PROGRAMMF TN CALCULATE CHARACTEPISTICS =R

CALCULATICN FOR MORACCO

TIME
TIME
TIuE
TIwF
T1MF
TIYE
TIME
TIMF
TIvE
TIHE
TIME
TIVE
TIVE

TIYE

1]

0.C

1.0000F

2.0CCCF

3.2000F

4.C0C0E

5.00NCE

6.2CC0E

7.0000F

8.,2CCCE

“e.00C0E

1.00C0E

1.100CF

1.2¢C0E

1.3000F

co

oC

oe

00

ce

oe

oo

oe

ce

C1

r1

1

1

STATION

DMON TH=
YWSUYRP=
STOR =

DMON TH=
YWSURP=
STOR =

DMON TH=
YWSURP=
STOR =

AMON TH=
YWSURP=
STOR =

DMONTH=
YHWSJRP=
STOR =

DMONTH=
YHSJRP=
STOR =

DMON TH=
YWSJRP=
ST0R =

OMON TH=
YWSJRP=
STOR =

IMONTH=
YHSJRP=
SToR =

DMOV TH=
YWSJFP=
STOR =

DMON TH=
YHSJIRP=
SY0Y =

DMONTH=
YWSJIRP=
ST =

OMCN TH=
YWSJIRP=
ST =

OMON TH=
YASJFP=
ST2Y =

1

1.0000:
C.C
1.5000%

2.0000=
4.E1162
1.5000=

3.0000:
£.1896%
1.50002

600002
£,18962
1.0990z

£.0000:
£.18962
4.5620%

€.0000z
5.18962
CeC

7.0000z
F.1896:2
Cof

&L, 000z
£.1€96%
Lelt

G0N
£.18G6:
Co0

1.00008
£.18961
C.C

1.10002
£.1896:
CoC

1.2000E
c.1896:2
£ 89942

1.00007
T,18962
3,3598=

2.0C00%
C.C
7.8T714z

oe
02
00
el
02
00
o1
02
oo
o1
02
00
01
oc
01

oo
1

g

€4
Cc1

01
cl

01
c1

01

CLIMATE CLASSIFICATION.

QA
YACTEV

QA =
YACTE V=

QA =
YACTEV=

QA
YACTEV

it n

QA
YACTEV

o

i

QA
YACTE V=

QA =
YACTE V=

QA =
YACTE V=

DA =
YACTEV=

QA =
YACTE V=

an =
YACTE V=

QA =
YAC TE V=

QA
YACTEV

([}

QA
YACTE V

%o 1182F
0.0

5.2528F
2.7884F

mm

oo
L]

r e
(5 N
Nl
N
mon

9,53¢c0T
3.3130F

9.3585E
3.6100F

8.€423C
3.4250F

7.3678F
3.4370F

5.,7965F

4, 6LSBF
4a10TOF

3.8163F
Go&62NE

4o11P2F
4o TAELE

5.2528E
2.78RLE

02

02
22

02
02

Cc2
02

02
37

02
c2

c2
02

02
0?

n2
01

An example of the standard CSMP PRINT OUTPUT.

RECT INTZEFATION
YPFYAD= D"
MWTIEF= 0.0
YPFVARP= 2 ,TRR4LC
MWTDES= 3.0
Y PFYAD= T 24047
MWTIEF= D7
YPEVAr= 1.5620F
MWTIEE= 0,7
YPEYAP=  2.eS4PF
MWTIEF= 0 .6400F
YPEVED=  4.2579F
VWTIE==  1.473¢F
VPEYAP=  5.0PPSF
MWTIEF= 1.5522F
YPFYAP= 7,007
VWTIEF= 1.709SF
YPEVAPE  3.7172r
MPTIES=  1,re3ar
YPEVAP= 1.CRPOF
MWTIEF= 1.€75°5F
YPEVAP= ].1FopF
MWTIEF= 0.0
YPEVAP= 1.16K4F
MWTIEF=  D.0
YPEVAP=  1,2774F
MWTIEE= 3.0
YPEVAP= 2.78R4F
MWTIEF= 0,0

01

"1

6?
n1

[l
no

no
ap

o
no

~?
nn

o
AR

~na

o

YWINEE=
WIS D=

VWTREF=
ATSHRP=

YUTHEF=
WdTOIR o

VWTNEFE=
WIS o=

YWTroF=
WTTIP D=

VRWTNT Fx

WISt Nz

YWTNEF=
WTC1P D=

YWTRE E=
AT P

VWTDT =
WTSINRP=

VWTPEF=
TSI N

YWTrEE
WTC? P=

VHTPEF =
WYCIRI N

VWTRE Ea
HTCIRP=

YHTrEES
PSP O=

~ r
e

G,517¢F

[AM

o1

6o 77925 0N

n, e

Ge O

C1

62

o7

no

n?

n>




PROBLEM DURATION 2.0 T 2,40CCF 01
VARTABLE MINTMUM TIME Ma XT MUM TIME
PREC T 000011 T« CULOCE OC 73000 C1 0. 0
FVAP 2.7202E 01 2. 3000E 01 1.9672F 02 6. OOCDE
ACTEY T.0CONE=-C1 T, 0COOE ©OC 1,11C088 02 3, OCCUE
TMPA 1.0700F 0] 0.0 2.5600E 0} 7. CCOOE
ARIND E6.5 HUMIND 0.C MSTIND =-139.9
SUMMER CONCENTRATION IS 45,98
SPEVAP WPEVAP SWTDEF AWTDEF SWSURP HASURP
t33,55 289.06 796.86 16.75 Q.0 C.C
YPEVAP YWTDEF YWSURP YACTEY STIR
1222.61 213,61 .0 9.0 32,860

An example of the standard CSMP FORMAT writing output.

C0
ce
on



T ME
.

20onF
SCONF
CO00F
or0or
akelolz
COODF
coQer
AC00F
el
SCCOF
10C0F
20007
30cor
LONDOR
FOOOE
£000E
7000E
E0ONE
9C00F
CO0OE
1000F
2000F
3000F
4000F

lalal
A A
Fa
Y

~
“

ale
oo
on
oe
or
o
o1

t1
01
01
21
n1
01
01
01
01
¢l
01
o1
0]

MINIVUM

T« IC0O0E-01

PREC
T 2CC0F 01
F.12C0F 01
4.1000F 01
4o £20CF 01
2.020017 D1
9. 7CCCE (OO0
1.5000E Q0
T OL0E- ]
1. 24C0F 01
5.51C0= 01
4.1500CE 01
5e&3L0E D1
T.3000E Q1
£.13C0E 01
4.1000% 01
bobn (0% J1
20200 G
G 7CDCE 0D
1.5C0GFE 00
T C00CE-0D1
1.2400F 01
S.5100F 01
4. 1500E 01
B« £900CF 01
7. 20CCE 01

PREC VERSUS TIME
I
_________________________________ +
_____________________________ &+
————————————————————————————————— +
------------- +
—————— +
+
+
-------- +
------------------------------------ 4
............................. $+

T e o o  Evoem G e S O e Gm S fee o e T 0 W e NG e G Ry G Vo S G o S G G e

e ae Sme w . oe e o SN D E PO G O M e e S MmO AT ANDANS DR SR e ED Auh G Wk Sin s S Gy VR b 0w

P& SE 1

MAY IM
7,2000F

An example of the standard C3MP PRTPLT output. Precipitation versus

tine.



PasE |

MINTMUM EVAP  VERSUS TIME MAX TH
2.7202F €1 1.9672¢
ME EVAP 1 1
2.7884F 01  +
SO0E 0D 4,4520E 01  ==--- +
NO0E OO Be1099F 01  m==cmmmm—mcooooo +
COOE OR 1.1108E 02  =c--s-mcmemomosmmee e}
0OCE 0D 106031F D2 mom oo mm oo e e +
COCF 0N 1eTTOEF 02  mmemmmmemmmo oo o oo e e e +
COOF 00 1a96T2E 02  mommmo o e o o e e e e e e ¢
FOOE DD L1oTLE5E 02  mmmmmmmm o oo o e e e e e +
COOF 00 101673F 02  —=-memmommm oo d
FOOE 00 7.1855F 01  ==-mmm--me--- +
CODE 01 3.5601F 01 --+
rO0F 01 2.7202E 01+
CO0E 01 2,7884F 91+
O0OE 01 4£,0521E Q1 =e---4
COOE 01 842000E 01  =--—=mmm=ememooo +
NO0E 07 1.1108F 02  —---==-ommmmmmm o +
NOOE 01 1e6021F 02 mommm o e o e e e e e e e g
GCOE 01 LTeTTNEF 02  mommmmm o s o o e e e e e e e e e
NOOF 01 1096T2F 02+ === m e e e e e e e +
AOCE 01 To7165F 02 = rmomo oo s e e e e e e -t
CUOE 01 1.1673F 02  —o--mommmom e +
N00E 01 7.18556 01  —-m—om-ooe-e- +
NEOE 01 2,5600E 01  --+
0C0E 01 2.72C2E 01+
O0PE 01 2.7884F 01  +

Bvaporation versus time



TME
é -

COOCE
SCOCF
aneokE
G020k
CCOOE
CCCOF
CO0CE
CCOOE
CCORE
LagooeEs
10CCE
2GCCE
ACQCE
A COCGE
,B000E
6000E
7000
VROOCE
y9CO0E
v 2CCCE
»1000F
v 2200E
»3COCE
» 4000

~
193

ne
or
0z
oo

~
P oud

00
oe
0o
el
o1
01
01
c1
01
01
o1
01
01
01
o1
01
o1
01

-
ACTEY
2.,7884F 01
4.,4520F Q1
B8.19G2F 01
1.1108E 02
&£.5820% 01
S.,7000C 00
1. 5C00E 00
T7.00C0E-01
1.2400E D1
S, F100F 01
3. 56C1E D1
2, 7202E 01
2.7884F (1
£,4521F 01
8, 2000F 21
9.2123E 01
2.0:2C0E 01
Q. TO0DE DU
1.5000E 00
T.CO0CE-CL
1.24CCE 01
£.5100F 01
2. 5600E 01
2.7202E 01
2078845 01

Actual

PAGE i

MINTVUM ACTEV  VERSUS TIHME MAX Tt

‘)('OC':“{W 1'11:9SC
1 1
............ 3

o e - ————— i om0 s o

-
+
3+
- mm e +
o e et e A T o e e o ot e
............... 3
............ +
____________ EN
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_____________________________________ +
e e o o S G T e S e e A S A 4 e 2 . o S e 0 0
........ +
- —

T
EN
+
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............... +
............. +
............ &

evaporation versus time



QNE
WNOF
aoE
2CE
00k
INE
"O0FE
“O0E
OCE
OGE
BaRals
OCGE
‘NCE
CDQRE
COE
COGE
TDCE
Sileag
CQOF
00CE

Sle
Lo A

CCE
CO0E
CGOE

~
&

00
00
02
oo
e
or
00
oo
01
01
o1
01
01
01
01
01
!
01
01
n1
01
01
01

TMPA
1.07C0E
1. 16COF
1.4300E
1.5400F
1.9C00E
7. 2100E
2. 49 C0OF
2. B600F
2. 3300F
1. 8900F
1. 5CC00
1.7100F
1.0700C
1.1A00F
1.4300F
1.54 L0
1.9C0N0E
2+ 210GE
2. 49008
2 5600%
2.330CE
1.8900F
1.5000E
1. 21C0E
1.C700E

1

01
01
01
01
01
01
01
01
01
01
01
D1
01
01
01
01
01
01
01
01
01
D1
01
01l
01

DAGF 1

MINIVUM | TMPA VERSUS TIME MAX TM )~
«O0T700OF 01 2,5630F
1 1
+
- ¢
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Temperature of the air versus time
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