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Abstract

This report contains the necessary documentation for
application of the computer programs REVAP and WEVAP. Estimates of
areal evapotranspiration or lake evaporation for periods of 5 days
to 1 month are made from routinely published records of air
temperature, dew point temperature and sunshine duration. Both
models are based on a coﬁplementary relationship between areal and

potential evapotranspiration.

Details of preparation of the input card deck as well as a
sample output are discussed. Included in the appendices are the
FORTRAN program listing for Program REVAP and documentation of the

comparable Hewlett-Packard HP-67 hand-held calculator program.



Résumé

Le présent rapport renferme tous les renseignements
nécessaires a 1'utilisation des programmes d'ordinateur REVAP et
WEVAP. Les évaluations de 1'évapotranspiration surfacique ou de
1'évaporation des lacs, pour des périodes allant de 5 jours a
1 mois, sont établies & partir des relevés publiés réguligdrement de
ia température de 1'air, de la température du point de rosée et de
la durée d'ensoleillement. Les deux modeles sont fondés sur le
principe d'uné relation complémentaire entre 1'évapotranspiration

surfacique et potentielle.

Le rapport donne les détails de la préparation du paquet de
cartes entrée ainsi qu'un échantillon sortie. Sont fournis en
annexe les instructions FORTRAN du programme REVAP et les
renseignements sur un programme comparable pour la calculatrice

Hewlett-Packard HP-67.



1.0 INTRODUCTION

Program REVAP is the latest in a series of computer models for
estimating areal evapotranspiration for peridds of 5 days to 1 month
from routinely published records of air temperature, dew point
temperature and sunshine duration. Like the previous models, it is
“based on the concept of a complementary relationship between areal
and potential evapotranspiration. The concept permits areal
evapotranspiration to be estimated by its effects on the temperature
and humidity of the overpassing air, which in turn are reflected in
the estihates of potential evapotranspiration, thereby avoiding the
complexities of the soil-plant system and the need for locally
calibrated coefficients. As a consequence,Athe results are
verifiable so that errors in the assoéiéted assumptions and
empirical relationships can be detected and corrected by progressive
testing ove; an ever-widening range of environments. The most
recently published application of this methodology (Morton 1978)
provideé good agreement with corresponding long-term water budget
estimates of areal evapotranspiration for 122 river basins in
Canada, Ireland, Kenya and the southern United States. However,
further testing in the Sahel region of northern Nigeria, where the
average annual rainfall exceeds 650 mm, gave estimates of areal
evapotranspiration that were significantly negative during the
5-month seéson when there is practically no rain. Program REVAP is
for a revised model that corrects the source of these unrealistic

results and incorporates. certain conceptual improvements.



The complementary relationship between areal and potentia]
evapotranspiration also provides a basis for estimating lake
evaporation from climatological data observed in the land
environment. This requires only minor modifications to the areal
evapotranspiration model. With no routine observations of the
significant seasonal heat-storage changes that occur in lakes, the
short-term estimates become realistic only when accumulated to
provide annual totals. The most recently published version of the
model (Morton 1979) provides good agreement with corresponding water
budget estimates for Lakg Hefner in Oklahoma, the Salton Sea and
Silver Lake fn Ca]ifornia; Pyramid and Winnemucca Lakes in Nevada,
Lake Ontario in New York and Ontario and Dauphin Lake in Manitoba.
Program WEVAP is for a revised mode]_thgt incorporates the
conceptual improvements used in the formulation of Program RFVAP,
thereby increasing confidence in the world-wide applicability of the

resultant lake evaporation estimutes.

The purpose of this report is to provide a complete
documentation of the data requirements and operation of Programs
REVAP and WEVAP prior to publication in the scientific literature of
the conceptual and experimental bases for the models. The basic
assumptions, concepts, sources of information and results of the
verification pfocedure are discussed herein only insofar as they
represent significant changes to the most recently published

versions of the models (Morton 1978, 1979). For more



details the reader is advised to watch for the forthcoming

publications.

The areé] evapotranspiration and lake evaporation models
have been programmed for the Hewlett-Packard HP-9100A desk
ca1cu1at6r (with the HP-910TA extended memory) and for the HP-67
hand-held calculator. Documentation for thé HP-67 program is
inc]udea as Appendix III and documentation for the HP-9100A program

can be supplied on request.
2.0 Terminology

The equation describing the complementary relationship is

expressed as follows:
ET + ETP = 2 ETW
in which
ET = areal evapotranspiration = the evapotranspiration from an area
so large that the effects of the evapotranspiration on the

temperature and humidity of the overpassing air are fully

developed.



ETP = potential evapotranspiration = the evapotranspiration that
would occur from saturated surfaces as estimated from a
solution of the energy balance and vapour transfer equations
using radiation absorption, heat transfer and vapour transfer
characteristics that are compatible with the plant, soil and

snow cover of the surrounding area.

ETW = wet envirohment evapotranspiration = the evapotranspiration
that would occur from an existing or hypothetical large area
with safurated surféces, i.e. with no limits on the

availability of water for evapotranspiration.

The terminology is 111ustrated;in Figure 1, which shows the
work ings of the complementary relationship under conditions of
constant radiant energy supply. When there is no water -available
for evépotranspiration (extreme left of Fig. 1), ET = 0 and ETP is
at its maximum rate of 2ETW. .As the water supply to the soil-plant
system increases (moving to the right in Fig. 1), the ET increases,
resulting in a decrease in ETP of the same magnitude. Equilibrium
is reached when there is no restriction on the water made available
to the soil-plant system and ET = ETP = ETW. Thus, the potential
evapotranspiration under completely humid conditions is equal to one
half the potential evapotranspiration under completely arid
conditions. It should be noted that neither ET nor the availability

of water are known, but that both ETP and ETW can be estimated from



RATE OF EVAPOTRANSPIRATION

2ETW

ETP= POTENTIAL EVAPOTRANSPIRATION AT A POINT IN AREA
(RADIATION AND VAPOUR TRANSFER SIMILAR
TO THOSE OF THE AREA)

ETW= WET ENVIRONMENT EVAPOTRANSPIRATION

ET= EVAPOTRANSP]RATION FROM THE AREA

WATER MADE AVAILABLE BY SOIL-PLANT SYSTEM OF THE AREA

Figure 1. Schematic representation of the complementary relationship for areal evapotranspiration.



routine climatological observations. Therefore, the complementary

relationship is used in the following form:

ET = 2ETW - ETP

The complementary re]ationshfp takes into account the
‘differences between the lake ahd'1and'environments and therefore can
be used to estimate lake evaporation from routine climatological
6bservations in the land environment. A schematic representation of
this re]ationéhip and the ' terminology used in Program WEVAP are

illustrated in Figure 2 in which:

EP = potential evaporation = the evaporation computed from a
solution of the energy balance and'vabour transfer equations
using radiation absorption, heat transfer and vapour transfer
characteristics that are compatible with a water surface. As
the input data are normally observed in the land environment, EP

is the evaporation at the upwind edge of the lake.

EW = lake evaporation = evaporation from a body of water so large

that the effects of the shoreline transition are negligible.

It is similar to ETW except for the effects of differences in

the radiation absorption, heat transfer and vapour transfer

characteristics between land and lake.



RATE OF EVAPORATION

2EW

EP= POTENTIAL EVAPORATION IN THE LAND ENVIRONMENT
(RADIATION AND VAPOUR TRANSFER SIMILAR
TO THOSE OF A LAKE)

EW= LAKE EVAPORATION

t
WATER MADE AVAILABLE BY SOIL-PLANT SYSTEM OF LAND ENVIRONMENT

Figure 2. Schematic representation of the complementary relationship for lake evaporation.



Figure 2 shows what happens under conditions of constant
radiant energy supply. As there is no lack of water on a lake, the
value of EW remains constant, however, the value of EP responds in a
complementary way to changes in water made available by the
soil-plant system in the 1ana environment. Thus, in a comp]et}]y
dry land environment the value of EP is twice EW, whereas in a
completely wet environment the value of EP is equal to EW. Such
large changes in EP (and in the evaporation at the upwind shoreline)
have negligible effects unless the-shoreline transition of
approximate1y5300 metres (Morton ]979) is a large part of the lake

area.

3.0 Conceptual Improvements

Programs REVAP and WEVAP differ from the most recently
published applications of the complementary relationship (Morton
1978, 1979) in a number of ways. Some differences, suéh as those
pertaining to estimates of net radiation and the effects of
atmospheric stability and pressure on the vapour transfer
coefficient, are relatively minor and will be discussed in
forthcoming scientific publications: however, those involving
estimates of potential evapotranspiration, wet environment
evapotranspiration and calibration are more important and they are

discussed briefly below.



Potential evapotranspiration is estimated from a solution
of the energy balance and vapour transfer equations. This can be
done by ané]yticaT, graphical or iterative techniques. Analytical
solutions are accurate only under relatively humid conditions where
“the potential evapotranspfration equilibrium temperature is near the
air temperature; graphical solutions are not suitable to computer
applications; and published iterative solutions require an excessive
number of computations to achieve the necessary accuracy. The most
recently published applications of the complementary relationship
(Morton 1978, :1979) used an analytical solution similar to the
Kohler and Parmele (1967) version of the Penman equation. Program
REVAP incorporates a new and improved technique which, by using
certain aspects of the analytical procequre, préduces numerical accuracy

within four iterations.

In a rationalization of the complementary relationship
Morton (1971) showed that the potential evapotranspifation
equilibrium temperature produced by such a solution tends to remain
constant with respect to availability of water for areal
evapotranspikation. Therefore, the use of the equilibrium
temperature to provide the conservative temperature effect required
for estimates of the wet environment areal evapotranspiration
eliminates the need for the complicated and questionable temperature

adjustments used previously (Morton 1978, 1979).



In the most recently published applications of the
complementary relationship (Morton 1978, 1979) the calibration
started with educated assumptions concerning the nature of the wet
environment areal evapotranspiration (ETW) and ended with estimates
of thé vapour transfer coefficient and two coefficients used in
estimating advection energy. In contrast, fhe calibration of
Programé.REVAP and WEVAP starts with educated assumptions about the
vapour transfer coefficient and ends with estimates of coefficients
needed to determine the dry environment potential evapotranspiration
(which by definition is twice the wet environment areal
evapotranspiration). The resultant estimates of ETW include any
effects of advection energy. The ca]ibration'used climatological
data from the arid areas of Nigeria, the Sudan; and the states of
Washington, Arizona and Texas. There‘were 154 station-months with
precipitation low enough that it could be assumed equal to the areal
evapotranspiration, and these were used to derive the following

regression equation:
2ETW = 28 + 2.40 * DP * RTP (r = 0.998)

in which DP is the Penman weighting factor (i.e. the ratio of the
-slope of the saturation vapour pressure curve to the sum of the
slope and the psychrometric constant) and RTP is the net radiation
for the land surface. Both DP and RTP are at the potential

evapotranspiration equilibrium temperature.

10



The same methodology and data were used to calibrate the
lake evaporation model with the vapour transfer coefficient reduced
by 11% to make it more compatible with the roughness of a water

surface. The results are as follows:
2EW = 26 + 2.24 * DP * RP (r = 0.998)

in which DP is the Penman weighting factor and RP is the net
radiation for the water surface, both at the potential evaporation

equilibrium témperature.'
4.0 Limitations

Programs REVAP and WEVAP are designed for world-wide
application without local optimization of coefficients; however,

such widespread use is subject to the following limitations:

1) They cannot be applied to time intervals shorter than 5 days.

2) They cannot be applied near sharp environmental discontinuities.

3) Climatological input must be from a station in surroundings
representative of the area of interest.

4) Program REVAP cannot be used to predict the effects of natural
or man-made changes in land use or climate.

5) Program WEVAP cannot provide realistic short-term or seasonal

estimates of evaporation from lakes of any depth.

1



More details on these and other limitations have been published

elsewhere (Morton 1978, 1979)

5.0 Computer Program Operation

The only differences between Programs REVAP and WEVAP are
in the equations that have already been discussed and in the
estimates of‘élbedo, emissivity and vapour transfer coefficient;
therefore, it is easy and convenient to ;ombine them into one
computer pFogram. The combined program is referred to as Program
REVAP and all the necessary changes are made automatically when the
program control variable is specified as either "REVAP" or "WEVAP",
This section deals with the organization of input data required to
operate the computer program REVAP aﬁd the form of output to be

expected.

5.1 Program Language

syram REVAP has been used successfully on the Control
Data Corp. CDC CYBER 74 with the NOS/BE (Network Operating
System/Batch Environment) operating system at the‘Department of
Energy, Mines and Resources, Ottawa. It is written in the FORTRAN
EXTENDED language and requires about 40 600 (octal) words of program
storage space. While execution time will vary according to size of
data base, 5 years of monthly records require approximately 0.40 sec

of execution time.

12



The FORTRAN program listing and list of variables appear in

Appendixes I and II respectively. Documentation and program listing

for the Hewlett-Packard HP-67 hand-held calculator are found in

Appendix III.

5.2 Options

As mentioned in Section 5.0, Program REVAP can be used to

provide estimates of either areal evapotranspiration or lake

evaporation.: There are four other options available that are

controlled by input control parameters.

1)

The air and dew point temperatures can be in either Fahrenheit
or Celsius units.

The average air temperature input can be replaced by both the
average maximum and average minimum air temperatures if
convenient. |

Global radiation observations (expressed in langleys per day)
can replace the ratios of observed to maximum possible sunshine
duration as input if necessary or convenient.

If required, the program can provide a summary of results in the
form of a tabulation showing the averages of the monthly and
annual values of net radiation, potential evapotranspiration and

areal evapotranspiration or their Program WEVAP equivalents.

13



5.3 Structure

REVAP is structured to handle primarily monthly climatic
observations of dew point temperature, air temperature and sunshine
duration. Calculations can be performed for only a single station,
or many stations at a time.. For time periods of a fraction of a
month, only the value of the number of periods in each month (m)
needs to be ch&nged, and all other changes outlined by Morton (1978,
1979) will be made automatically. To accept weekly data, equation
69 (Morton 1§78) should Be used, with the period number (I) equal to
the number of days from the beginning of the calendar year to the
middle day of the week in question (using a February of 28.5 days)

and with m equal to (29.5 + 1/270) or ?0.4, whichever is smaller.

5.3.1 Data Input

Data input requirements consist of three sections:
(1) program control card, (2) station identification card, and
(3) station climatological data. Details of the data input format

are summarized in Table 1. A sample data deck is found in Figure 3.

The program control card consists of two input variables

(PROGRM, MEANS) which define the model type to be used in the
program, and whether or not a station summary is desired. The

proper form of input is as follows:

14



Table 1
SUMMARY OF DATA INPUT REQUIREMENTS

INPUT DESCRIPTION

— -

VARIABLE COLUMN
NAME IN NOS.
UNITS  PROGRAM  (INCLUSIVE)

— —

READ
FORMAT EXAMPLE

(1) PROGRAM CONTROL CARD

——

- e

1. MODEL TYPE - PROGRM 1-5 A5 REVAP
2. MONTHLY SUMMARY? - MEANS 6-10 I5 1
(2) STATION IDENTIFICATION CARD
1. STATION NAME : - NAME 1-20 5A4 WHITE RIVER
2. LATITUDE ‘degrees  PHID 21-25 F5.2 48.60
3. NO. PERIODS/MONTH - M 30 N 1
4. STARTING MONTH NUMBER - STRTMN 31-32 12 01
5. YEAR OF 1ST RECORD years YEAR 36-39 14 1965
6. AVG. ATMOSPHERIC PRESSURE mb P 40-47 F8.2 969.20
7. AVG. ANNUAL PRECIPITATION mm PPN - 50-54 F5.0 678.
8. NO. OF DATA RECORDS ' - NN 55-57 I3 12
9. INPUT PARAMETER IT - IT 58-59 12 01
10.  INPUT PARAMETER FORM - FORM 60-61 BV 01
11. INPUT PARAMETER IS - IS 62-63 12 0
(3) CLIMATOLOGICAL DATA (FORM = 1)
1. AVG. DEW POINT TEMPERATURE °F or °C TD 1-9 F9.4 -3.5
2. IS IT AN ESTIMATE? - Cl 10 I1 0
3. AVG. AIR TEMPERATURE °For °C T 11-19 F9.4 -1.9
4. IS IT AN ESTIMATE? - c2 20 I 0
5. SUNSHINE DURATION ratio or S 21-29 F9.4 0.39
- langleys/day —
6. IS IT AN ESTIMATE? - C3 30 I 0
(FORM = 2)
1. AVG. DEW POINT TEMPERATURE °F or °C TD 1-9 F9.4 -3.5
2. IS IT AN ESTIMATE? - C1 ' 10 I 0
3. AVG. MAXIMUM TEMPERATURE °F or °C TAl 11-19 F9.4 10.0
4. IS IT AN ESTIMATE? - c2 20 Il 0
5. AVG. MINIMUM TEMPERATURE - °F or °C TA2 21-29 F9.4 -5.0
6. IS IT AN ESTIMATE? .- C3 30 [ 0
7. SUNSHINE DURATION ratio or S 31-39 F9.4 N 39
langleys/day
8. IS IT AN ESTIMATE? - o 40 i 0.

15



(D) PROGRAM CONTROL CARD

REVAP |
pocoolocooo[gO0CODD00000000000000C00000000000000000000000000000000G09000000000000000
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>
[+ 4
w_ |2
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s |52

>

- BEE:

- O <

w o > W

O x (2

oa |FT

2|2

g (@) STATION IDENTIFICATION CARD
WHITE RIVER 48.60] fl1| fioes| 9692 | | 678 [i2f1]1]o
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- |k @
=
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2 w | F }’5 S| wg “‘g &
w e | IF wil 25 Ca|O
Q S| E . | <& < jwi =
e 2 =51 < & e =t f-l|n
a < = wnilZ - w oy w o. ~lol—
[ < [a] w > >0k b
= < | gl | = a <3l o
L= 1l &g
a g z
i bogne .
3¢ 11 (® STATION CLIMATOLOGICAL DATA
IIlIlllldlllllll[iB! pootoo0QO00000C00000060000000050000C000000000000000000
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i w
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- 6 K z 0
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e o & x & & b <

w a Wag Z

z2= ||z 2|l 23

<A W wi v a ‘

(= =
.03.5 019 39
02.2 085 40
225 37 51
31.5 488 48
435 54.5 56
472 534 48
480 54.4 34
41.0 449 76
340 382 21
200 237 20
5.0 156 12
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Figure 3. Sample data deck.
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. (1) (PROGRM = REVAP) for the selection of the areal

evapotranspiration model.

(ii)  (PROGRM = WEVAP) for the selection of the lake evaporation

model.

(i) (MEANS = 1) generates a station monthly summary if the
station data is in the form of complete years.

(ii) (MEANS = 0 or blank) Suppresses the station monthly summary.

This card must appear first in the data deck.

The second card type, the station identification card, must

precede all of the climatological data for that particular station.

Besﬁdes providing the station name and'location, there are input

control parameters included to describe the format of the

climatological data to be entered. For each station card the

following information is required:

Station name (20 characters).

Latitude of the station in degrees (negative in the southern
hemisphere). |

The number of time periods in each month (restricted to 0, 1, 2,
3, 5 and 6 where 0 = 1 = monthly data).

The month number of the first data record (i.e. September = 9).

The year of the first data record.

17



6) The station's
7) The station's
8) The number of

9) Input control

A. i) (IT =
i) (IT =

“B. i) (FORM
value.

ii) (FORM

average atmospheric pressure in millibars.
average annual precipitation in millimetres.
data records for the station.

parameters.

0 or b]ank) Temperature data is in degrees Celsius.

1) Temperature data is in degrees Fahrenheit.

1) Average air temperature consists of a single

i

2) Average air temperatures are to be

calculated; air temperatures consist Qf average of

minimum and maximum air temperatures (i.e. two values

are to be read in).

C. i) (IS =0 or blank) Ratios of observed to maximum possible

sunshine duration are entered.

ii) (IS =

The Tlast

1) Global radiation data are entered.

card type is composed of the station

climatological data. Depending upon the selection of input control

parameters as outlined previously, there will be one data card for

each time period providing the following information:

1) Average dew point temperature.

~2) Average air temperature.

3) The ratio of observed to maximum possible sunshine duration, or

the observed global radiation.

18



If any data have been estimated, a "1" (one) may be entered in a
column beside thé value (please refer to Table 1 for the exact
location) so that an "E" will appear beside the estimated value in
the output. The data deck should not contain any blank cards. If
more than one station is being used in the program, the second
station identification card should come immediately after the last
climatological data card for the previous station. The program will

continue to read data until an EOF or blank card is encountered.
5.3.2 Sample Qutput

The climatological data frqm the input cards appear as
output, with an “F" appearing on temperature headings if the
temperature data are in degrees Fahrenheit and an "E" indicating
that the data were estimated. If a station summary was requested,
it will appear on the page following the station data. A sample of
the output producéd from the sample input deck, with an additional

four years of data as input, is found in Figures 4a and 4b.
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MAY 1968 3540 46.H4 « 330 83, 108, 37. nOv =23eH “boh b}
[JUNE 1968 40.2  S3.8. «38v 108, 107, 7. S
{JULY 1968 53.2 59.3 690 136, . 123, 111, nEC ~2840 6ol -6
{AUG 1968 Sue2 57.3 +520 110, . 112, 83. -
"SEPT 1958 49.5 S4ef #3600 __ SB. 66, 49¢ eemmesoa= cemmmmm—e et
+0CT 1968 39.2 43,2 «220 13, 25. 24, AVERAGE
INUV 1968 2Ve2 22.9 . 160 =26, -4, by YEARLY 50540 590.4 413,09
IDEC 1968 . %<5 7.5 . »210 -28., . =5 . =5s o UTOTAL e
[Jan 71969 EYY 7.1 .210 26, -6 64
[FER 1969 38 6.8 630 1S5, =3, =3, :
MaR 1969 6e2 10.9 0430 =3 L _._2s _Re e
LAPR 1969 24l 33.)3 430 76, 04, Gze ]
. MAY 1969 33.8 45,7 « 620 105, 113, S2. -
CJUNE 19RY YL SV.5 «23V 84, 89, S5e
TJULY  19k09 5160 60.6 570 " Je8, 155, 106,
Aut 1969 5442 6242 «550 116, 129, 87,
(SEPT 1969 44el 48,6 S6e _ _SBe ___ 89e ... .. I . e _
oLy 1969 30 35.9 Te 16. le,
NOV 19069 225 ?5.7 o170 22 -2 -2
Ler 1969 Bek 11.6 o110 =29, “6e =6o

'Figure 4. Sample output.
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PROGRAM REVAP (INPUT,0OUTRUT, IAPEL=INPUT)

14/08/8

16,08,59 PAGE 1

! C THIS PROGKAM IS A COMRINATION OF BOTH THE AREAL EVAPOTRANSPIRATION
i S C AND LAKE EVAPORATION MODELS DEVELOPED BY DRe Fele MORTONINsHeRoI 4t ,
. C  ENVIRONMENTsCANADA,.
! C RY SELFCTING THE PHOPFER INPUT PARAMETER+PRNGRAM REVAP PROVIOES AN
S C_FSTIMATE OF EIVYHER AREA) EVAPOTRANSPIRATION OR LAKE EVAPORATION e R
| C BASED ON ROUTINE CLIMATOLOGICAL OBSERVAYIONS.
; 10 C DATA INPUT KEQUIRFMEMTS INCLUDES
; — o -C_FOR _EACH STATION=LATITUDEsAVERAGE ATMUSPHERIC PRESSURE1AVERAGE ANNUAL . . _ .
| C PRECIPITATION
’ [ C FOR EACH TIME PERTOD= AIR TEMPERATURE+NEW POINT TEMPERATURES
! A C__RATIO OF ORBSERVED TO MAXIMUM PQOSSISLE SUNSHINE DURAYION i -
15
! I ____Consaanscosssnosn LIST OF TERMS L ROARRNENNNNNSNERINCORANANENONNNNS e e _ _
| C PHID = LATITUDE =~ NEGATIVE IN SOUTHERN MEMISPHERE DEGREES
L 20 C _PHI 2 LATITUDE = NEGATIVE. IN_SOUTHERN HEMISPHERE gnxgus ————.
i c P 2 AVERAGE ATMOSPHERIC PRESSURE
i C PPN = AVERAGE ANNUAL PRECIPITATION i
e c_ TOF = _DEW POINT TEMPERATURE _ e Q;ggg;_gw . A b ]
: c 7IF = AIR TEMPERATURE DEGREE F !
i 25 c S = RATIN OF ORSERVED TO MAXIMUM POSSIBLE SUNSHINE ODURATION !
H C _MONNUM = MONTH NO STARTING WITH 1 FOK_JANUARY : .
C N = NUMBER OF DAYS IN MONTH DAYS .
i c m = DEW POINT TEMPERATUKRE OEGREE ¢ |
i - €c_7 &_AIR TEMPERATURE o . ... ODEGREE ¢ T '
i , 30 C ALPHA(J)= CONSTANT IN COMPUTATION OF VaPOUR PRESSURE i
: C AETA(J) = CONSTANT [N COMPUTATION OF VAPOUR PRESSURE UEGREE C
. C GAMMA ()= SENSIRLE WEAT TRANSFER COEFFICIENT R
: C FTZ(J) = VAPOUR TRANSFER COEFFICIENT ® SYABILITY FACTOR [7ACLT T T Y)
; C oLt = LATENT HEAT WeDAYS/MHM
. L35 €ty = ) WHEN T_1S GREATEW THaAN OR EQUAL_TO ZERO . __ R e e =
cC »n = 2 wHEN T 1S LESS THAN ZERO
! c v =2 SATURATION VAPOUR PRESSURE AT T L] :
c VD =_SATURATION YAPOUR PRESSURE AT YD ] MB__ ;
C DFLTA = SLOPF OF SATURATION VAPOUR PRESSURE CURVE AT 7 MB/DEGREFE C |
40 C 0NELP 2 SLOPE OF SATURATION VAPQOUR PRESSURE CURVE AT TP MB/DEGREE C .
e e e e L THETA = _DECLINATION OF SUN - . RADIANS _ . —
C 0NMEGA = WALF THE ANGLE BETWEEN SUNRISE AND SUNSET RADIANS
C ZENA = SOLAR ZENITH ANGLE RADIANS i
L C_CZENA = COSINE OF . THE SOLAR_ZENITH ANGLE . -
i a5 ¢ €ns2 2 COSINE F THE AVERAGE ANGULAR ZENITH DISTANCE OF THE SUN
: C NETA = RADIUS VECTNR OF SUN
e . €@ GE L = EATHA=ATMOSPHERIC GLOBAL RAULATION W/ (MOM) . _ i
| C arz = SNOW FREEsCLEAR SKY ALBEDO WHEN SUN IS AT 2ENITH |
c az = CLEAR SKY ALHEDO WHEN SUN 1S AT ZENITH i
! 11] C A0 3 CLFAN SKY ALHBFDA U - -
! cC a a AVERAGE ALREON
C nusy = TURKIDTTY COEFFICIENT ;
’__“ e e G W . PRECIPITABLE WATER VAPQUR . _. MM e e . — !
; C  TaUT TRANSMITTIANCY FOR DIRECT BEAM SOLAR RADIAYlOM
i 55 C Taya = PARTIAL TRANSMITTANCY DUE 10 ARSOWPTINN ALONE
L C GO =_CILFAR SKY 61 08aL RADIATION NZtMOM) e
c 6 = INCIOENT Gi.oRAL RADIATION W/ (MOM) .
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. j
c A z NET LONG WAVE RADIATION AT T W/ (MeM) '
_ C. JETA 2 STARLILITY FACIOR e e _
60 C FT = VAPOUR TRANSFER COEFF!CIENT W/ (MeMeMB) \x
C 1 AaMDA = REAT TRANSFER COEFFICIENT MB/ (DEGREE C) :
. C_ TP = POTENTIAL FVAPORATION EQUILIBRIUM TEMPERATURE = OEGREE C _ . ... . __ N o i
¢ TOEL = TEMPERATURFE INCREMENT FOR CALCULATING TP . OEGREE € :
c 0P a2 PENMAN WEIGHYING FACTOR .
= E c _RT s MET RADTATION AT T N/ (MoM) g
C RTP a NET RADIATION AT TP W/ (Mo} g
c ETP = POWFR EQUIVALFNT OF POTENTIAL EVAPOTRANSPIRATION W/ {MeM) sy
€t EY = POWER EOUIVALENT OF EVAPOTRANSPIRATION . _ _ M/{MeM) o e e
C ETw a POWER EAUIVALENT OF WET ENVIRONMENT EVAPOTRANSP, W/ {(MOM) !
70 C AT™M = EVAPORATION EQUIVALENT OF RT W/ (MOM) :
C_F1PM s POTENTIAL EVAPQTRANSPIRATION FOR TIME PERIOD MM e
i C FTIM = EVAPOTRANSPIRATION FOR TIME PERIOL MM ;
i ¢ RWM a EVAPORATION EQUIVALENT OF WATER SURFACE NET RADIATION AT T MM i
L c EPM ____ = POTENTIAL EVAPORATION . _ . . . __ . MM__ . :
i 75 C Ewm a UAKE EVAPORATTON 0 MM
i
1}___ CQDDO000000.0...0.000‘6QQOQQ0.00....C.QG'l........O..QG..'..Q....'...OQ.. i
f Cewoonavecstcese SPECIFICATION STATEMENTS CHORONOREDNNNENNNESONE ;
80 ) . e e e e e e e e e e e !
F"" INTEGER STRTMNsYEARIFORMeC1+C29C39CasPLENGTH
| REAL LAMDASNETAsLNXsLNY
* REAL ALPHA(2) yBETA(2) 9GAMMA (2) +FTZ(2) o (2) X
i DIMENSION TETM(12) +TETPM(12) 2+ TRTM(I2) i
85 DIMENSION MON(12) +N{12) ¢NAME (5) +HEADNG {3) . ;
, . DATA N/31428931030031930031+31930+31+30,31/ - . B B R :
; DATA MONI3HJAN-3HFEB.3HMAR.3HAPR.JHNAY.bHJUNEobHJULVv3HAUGv¢HSEPTo !
| ° 3HOCT 9 IHNOV » INDEC/ l
; 99 COQQGGDGOQO0.0.0.0000..QQ.Q.QQ.OO...0..0.0....000Q.Q.O..O...Ol.........@ -
iu _ B »________»_7_‘#__@_9__839'0.00'“000. R . [NPUT DATQ ~ _._...'QQQOQQO0..00’09'00..0.0090'0’&@»_. -
i C CONTROL CARD DEFINING PROGRAM REVAP OR WEVAP IS READ
t 95 -
| READ ls PROGRM¢MEANS
l cs TRACE
: TTTTTT TTe T IF MEANSE0 9 NO MONTHLY SUMMARY IS TO 8E OUTPUT AT END o o
; 100 C IF MEANSS] o TAHLE OF MONTHLY MEANS IS TO RE OUTPUT
; IF _(MEANS «NE. 0) MEANS=1 TTooTrhT/ T T Tttt T
1 1F (PROGRM .NE. SHREVAP) GOTO 8
i 105 C 4S DIFFERENCES HETWEFN THE AREAL EVAPOTRANSPIRATION MODEL AND THE i ‘
1 € LAKE FVAPGRATION MODEL FXIST IN ONLY A FEw CALCULATIONS»THEY wILL BE '
} C__ACCOUNTED FOR WY INTTIALIZING THE RELEVANT CONSTANTS AT THIS STAGE [N THE ;
C PROGRAM. THF REMAINNER OF THE PROGRAM PERFORMS CALCULATIONS USING THE '
C VARIAALE NAMES ASSOCIATED WITW THE AREAL EVAPOTRANSPIRATION MODELe
o A1e C
! c
L C CONSTANTS FOR THE AREAL EVAPOTRANSPIRATION MNDEL ARE INITIALIZED
. — ——

SB = 5,22/10,%e8
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PRNAGHAM REVAP

115

120

T4/74 nrvisl

SBD = 20.,8R/]10,.2%8
EZ = 28,

Dvlslo

pV2=0.

_ CONST1=146,
CONSTZ21,20
HEADNG (1) 33HRTH
HEANNG(2) =4 HETPM

FTN ©o6¢446

1470878

16,08+59

PAGE 3

- BLIE

HEADNG (3) s3HETM
GOTn 10 ’
(PROGR™ oNE. SHWEVAP) GOTQ_ 9 U

CNNSTANTS FOR THE LAXKE EVAPORATION MODEL ARE INITIALIZED

. FZ = 25,

I —
S80 =

5.5/10,0%R
22+0/104%04

DV1=20,
DV2el.
CONST1=13,

135

CONST281,412
HEADNG (1) #3HRuWM
_HEADNG (2) 34H EPM

1640

HEAONG (3) 83HEWM
GOTo 10

..-9 PRINT 11

AN ERROR MESSAGE 1S PRINTED IF THERE IS A WISTAKE IN THE PROGRAM NANE

stor -

VARIARLES FOR MONTHMLY MEANS ARE INITIALIZEN
10 DO 25 I=]yel12

-

150

25 TETM(T) STETPU(I)=TRTM(T) 2040
STATION NAME AND INPUT PARAMETERS ARE READ

195

30 REAN 24¢NAME osPHIDsMsSTRTMNe YEARIPsPPNINNIToFORMY IS

A CHECK FOR END OF DATA IS MADE
IF(EQF (1)) §55031,655

160

31 IF (YEAR .EQ. 0) 60OTO 5SS

.. .G _FCHO_ STATION INPUYT DATA_AND SET. UP _QUIPUT LARELS ..

PRINT 139 NAME«PHIDSP
IF_ (PPN oNEe Qo) PRINT 27+ PPN

165

IF (FOKM EQe 1.ANDGITLEQ.0} PHINT 14,
IFIFORM.EQe 1o AND TToEQel) PRINT 164, (HEADNG(TI) o Imle])

1170

TF(FORMOEQs 2 AND TTLEQ. 1) PRINT 11460 (HEADNG(T) oI®103)
IF (M FQe 0) M=)

NNSNN/M

(HEADNG(1) ¢Im] ¢ 3)
1F _(FORM oEQ, 2.ANDe1Y.EG,0) PRINT 1l4s (HEAONG(I)9Im123)
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PAGE o

175

C INITIALIZATION OF TEMPERATUKE DEPENDENY CONSTANTS
€. .FOR TEMPERATURE > OW = 0 DEGe CELSIUS

ALPHA(]) 217427
RETA()) =237.3

180

. 185

190

GAMMA (1) =0.66%P/1013,
FT2(1) = FZ & SQRT(1013./P)
1.(1)228,5

C FOR TEMPERATURE < 0 NEG, CELSIUS

ALPHA(2)=21.88
BETA(2) =265,5

GAMMA (2)80.h68P/(1013.61.18)
FTZ(2) & 1.15%F2 © SQRT(1013./P}
L(2)328,5%1.15

195

PI=3.141592654

€ CONVERT LATITUDE FROM DEGREES TO RANTANS

PH12PHID®P1/180.

_.eo0

C REGINNING OF STATINN NDATA LOOP

33700760 1Al NN

C FSTABLISH THE MONTH NOL(1 To 120

MONNUM & MOD((MOD(Ts12) ¢STRTMN=1)212)
IF (MONNUM LEQ. 0} MONNUM=12

C AQFGINNING OF L.OOP FOR READING DATA AND PERFORMING CALCULATIONS,
C__INPUT PARAMETER M SPECIFIES THE NOo OF TIMES THMIS LOOP IS REPEATED.

DO 59 IIsleM

€ MONTH AND YEAR OF DATA RECORD IS PRINTED

IF (1] <EQe 1) PRYNT 23+ MON(MONMUM) ¢YEAR

IF (11 +GTe 1) PRINT 269 11
N1=n2=03=N43]H
LIF_(FuimM GEQ. 2) 6OTO 40

C FORMs) IREAN AND PRINT DEW POINT«S.AND AVERAGE TEMPERATURE

225

REAN 129 TDeCleTeC2¢S+C3

1F (Cl «NFE. 0) Ol=1MF
_IF (€2 «NEs 0) 02w]ME

IF (C3 NE. 0) 03a3lwf

PRINT 1Sy TDv0D1eTen295403

IF (1T LEQe 0) 6NTO SO




8¢

PRNGHAM REVAP T4/74 nPls) FIN G,64446 14/08/8 164.08459

C CONVERT TEMPEMATURE Tn DEGREES CELSIUS IF 1T=l

PAGE H]

- 230 I . .
i TO = (TD=32.)9%./9, X
l Ta(7-32,)95,/9, .
‘ .6OTO 50 . A L ; .
i N
i 235 C FORM32IREAD AND PRINT DEW POINTsSeMAKe AND MIN, TEMPERATURES
40 REAN 1120 TDsCleTB10C24TA2+CI0SeCh !
e s o L 1F {Cl _oNE. 0) Ol=lHE e . S - —
240 IF (C2 .NE. 0) 02=1HE - |
IF (C3 oNEe 0) O3sIHE .
. IF _(C4 NEe 0) Q4wlME - !
PRIET 1150 TD901eTAL4029TA29039S104
IF (1T LEW. 0} 50TO 45
L - S . . I, J O TR
C TEMPERATURE CONVERTED T DEGREES CELSIUS IF ITal ’ [
N = (1D =32,)95,/9, . ;
TAL = (TA1=32.)9%5,/9.
, 250 TA2 = (TA2=324)%5./9.
] .
C CALCULATE AVERAGE TEMPERATURE FOR THE PERIOD o
: 45 T = (Ta)eTAR)/2, ;
! 255 i
A C SELECT PROPER J FOR CONSTANTS ( Js2 FOR TEMP.- ¢ 0 DEGREES CELSIUS) :
i 50 Jwl T - ’“{
; IF (T oLTe 04) Us2 i
H 260 !
i’ Crooodadanetnass C‘LCULAT!ONS SORQCRINBONNOOENANORVNNBREDB00008 :
i : - S, S S
! C SATURATION VAPOUR PRFSSURES AT AIR AND DEW POINT TEMPERATURES ~1
I 265 ’ i
! V 5 6,119EXP (AL PHALY) ® T/(T*BETA(JI}) 5
| VOR6.118EXP (17.27%TD/ (TD+237+3)) !
o _C__RATE OF CHANGE OF VAPQUR PRESSURE WeReTa TEMPERATURE (DELTA) . _ _ _ . _ .
i 270 . |
| DELTA = ALPHA{J}SRETA(J)®V/(TeBETA(J))ee2 i
; C ALLOW FOR PERIOD LENGTHS OF FRACTIONS OF A MONTH WMEN CALCULATING i )
[ C THE DECLINATION OF THF SUN(THETA).AND RADTUS VECTOR OF THE SUN(NETA) ;
C2TS e _ o S i
FMM3FLOAT ( (MONNUM=1] oMeTT) |
PERTOD ® (FMM + U.S9FLOAT (M=1))/FLOAT (M) 5
1T = 23,2 i
IF (M .GT. 1) TT323,6 i
280 THETA=TTO®P[ /18U, *SIN((29,59PERIOD=94,)*P1/1R0,) j
NETAS) . ¢SINC(29.S#PERIOD=196¢)%P1/480a0/600 . .. . . - L
1
C SOLAR ZF,N]_TH ANGLF (ZENA)
. —_——

285 CZFNA = COS(PH] = THETA)
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1F (CZENA oL T. 0,001) CZENA = 0,001
ZENA 3 ARCCOS(CZFNB)

1470878

14,08.59

PAGE

6

N i

. e8¢

C NN, OF DEGREES THE EARTH ROTATES BETWEEN SUNRISE AND NOON (OMEGA)

TACOM = 1o = CZENAZCOS{PHIIZCOS(THETA)
IF (ACOM L Te=14)ACOMR=],

C CALCULATE THE ARCCOSINE NF ACOM
_ OMEGA=ARCCOS(ACOM)
C COSINF OF THE AVERAGF ANGULAR ZENITH OISTANCE OF THE SUN (COS2)

|
: T300
|
]

i 308

COSZ & CZENA + (SIN(OMEGA)/OMEGA=le) ¢ COS(PHI) ® COS(THETA)

_.C__THE EXTRA=ATMOSPHERIC GLORAL RADIATION(GE)

GE®1354.®COSZONMEGA/ (PIONETA®NETA)

310

C CLEAR SKYsSNOW FREE ALBEON wHEN SUN IS AT THE ZENITH (A22)

A228(0,26=0,00012%SQRT(P/1013,) *PPN® (1, ¢ABS (PHID} /420
« (PHID/42,) 952) 1 $DVT+0,0590v2

C CONSTRAINT FOR AZZ WHICH MAY APPLY DURING WEY SEASON IN ORY AREA

IF(AZL.GTal(0s91=VN/V)/24)) Azz-(0-9l-VDIV)/{._

€7 TWO FURTHER CONSTRAINTS FOR AZZ

1F(AZZ.GTe0017) AZZ20.17

__CM'!glbﬁthG FACTOR FOR THE FFFECT OF SNOW ON ALBEDO (ARAT)

TF(AZZ.LTe(0,1190V]1+0,059DV2) ) AZZ®0.,1190V1e0,05%0V2

VPR EV=VD
IF(VPDL.LTe0.0) VPDL=0,0

1F (VPDL«GTe1.0) VPNLEL,.O
ARATzZ 1 .=VPDL *VPDL

¢ CLEAR $KY aLBEDO wITH SUN AT ZENITH (AZ)

AZ=AZZ*ARAT®(0,34=A27)

330

33%

| 3ai

| S G UV

C - CLEAR SKY ALBEDN (A0)

T TAD o AZ®(EXP(1.08)=FXP((ZENAI®2,16/P1)®(COS(ZENA) 92,16/
®PIeSINIZENA) ) /(146730 (],=SINIZENA)Y)

T € PRECIPITAALE WATER VAPOUR (W)

WEVN/te49¢T/1294)

.G WFIGMTING FACTOR FOR THE_EFFECTS OF TEMPERATURE ON_TURBIDITY (TST)
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IST = 21 = 7

IF _(TSY 1T, 0,0) 1ST = 0,0

16/08/8 14408459 PAGE 7

365 IF (TST +GT« Sa0) TST = 5,0

! : U -

‘ DUSY = (0.5 o z.s-cosz-coszy-exp(rsf-(n/loxa. “ 1.0
350

TRANSMITTANCY OF CLEAR SKIES TO DIRECT BEAM SOLAR RADJATION (TAUT)

[ c
. i ..DUSTI=0,0832(DUST/CQSZI®®0.9_ .. . ... . . o
| WVTE0,029% (W/COSZ) 40,6
! 3ss LNX = («0,0898(P/(COSZ*1013+))¢#0,75 = DUSTT « WVT)
i B IF (LNRoLTo=6750) LNKE=6TS,

TAUT=EKP (ILNX)
' .
L nlin.. .~ ...C PARTIAL TRANSHMITTANCY DUE_ To ABSQRPTION ALONE_{TAUA)
i 60

WVA = SORT(WVT/10,)
IF (wWVA ,Gle WVT) WVA = ®VT

; “TTLNY = ~DUSTT/2. = WVA
; IF (LNY oLT. =675.) LNY = =675,

i 3685 TAUASEXP (L NY)

€ CLEAR SKY GLOBAL RADIATION (GU)

L GOIGE“(TAUT'TAUT°(l..TAUTITAUA).(I-OAO'TAUT))
- 370 .

(040840,398)®(1,=5)%GF
0) 60TQ_5%

G = GO®S

IF (IS_,EQ.

]

i

|

N C_ INCIDENT GLOBAL RADIATION (G)  _ . .. .__. ...
|

= 375

C IF 1S=1% ESTIMATE THE SUNSHINE DURAT!ON RATIO (S) FROM

i -G THE GIVEN VALUE QF INCIDENT GLOBAL RADIATION _ B

G = S/2.,064
S = 0.53%G/(G0=0,674G)

;380

IF (S «GTe le) Sal.
IF (S +LTe O0.) S30,

—
I
-
i
i
i

% AK = T ¢ 273,
38y

ATM = 10,%(VN/V = S = 0,42)
IE _(ATM oL Te Uy) aTM = 0
!F ‘A'N oGTo le) ATM @ l.

. 3%

c NEIﬁullﬂﬁ_EACIQB_EQR_IQE_EEEECI;QE_CLQUDS“DN_AIHDSEHERIC.BADlAIlQNiAIHl_,

L C PROPORTIONAL INCREASE IN ATMOSPHERIC wADIATION OUE TO_CLOUDS _(RHQ)

RHN =U.18#10]13,/P8 (ATMESART (le=S)*{le=ATMI®(],=5)®02)

SRS 1. - O VU —— - S
C NET LONG=wAVE RADTATION LOSS AT T (8)

B = SB ® AK®940 (]1,-(0,71 * Q,007*VDeP/1010.2%(]o*RHO})

———
|

IF(R.LT,0,050SB%aKa%4) B=0,05058%AKew,
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C FSTIMATE THE AVERAGE ALRENO (A)

l14/08/8 14408459 PAGE

405

A = AO®(Se(].=2ENA®IR0,/P1/330.)0(1,=5))

T C CALCULATE THE NET WADIATION AT T (RT)’

10 _

RTx(1e-4)9G=8
|

C STABINL TTY FACTOR (ZETA)

TTEESFTZ 8 (VeVD) -
RTCeRT
TF(RTC..T,0,) RTC=n,

=

alsS

~

ZETA = 14/(0.289(1.9V0/V] + FZ72R<®DELTASRIC/GAMMA ( J) /FE
IF (ZETA oLTe le) ZETA = 1.

C VAPOUR TRANSFER COEFFICIENT (FT) 77 .-
FT = FY2(J)/ZETA

420

C HEAT TRANSFER COEFFICIENT (LAMDA)

425

LAMDA®GAMMA (J) + SRD&(Te273.1#93/FT
C ITERATIVE PROCEDURE FOR COMPUTING POTENTIAL FVAPOTRAMSPIRATION

430

C RY COMBINING THE FNERGY BUDGET AND VAPOUR TRANSFER EQUATIONS.
C THE ITERATION CONTINUES UNTIL THE INCREMENT (TDEL) CF THE POTENTIAL

€ EVAPOTRANSPIRATION EQUILIBRIUM TEMPERATURE (TP) IS « 0.01 DEGREES Co _

VP =

635

NELP = DELTA
200 TOFL (RT/FT o VD ¢ LAMDA® (T=TP)=VP)/ (NELP+LAMDA)
._TP a TP ¢ TDEL. ) - L
VP = 6411 @ EXP(ALPHA(JI®TP/Z(TPeBETA(J))) -
DELP ® ALPHA(J) ®BETA(J) ® VP/(TPeBETA(j))ee2
IF _(ABS(TDEL) = 0,01) 201,200+200

v
TP =T
=

460

__.C_ PENMAN WEIGHTING FACTOR (DP)}

201 DP=DELP/(DELPeGAMMA(Y))

C POWER EQUIVALENT OF POTENTIAL EVAPOTRANSPIRATION (ETP)
. _FTP=RT=FTeLAMUA® (TP-T)

C NET RANIATION AT TP (RTP)

“S50

4S5

RTYPZETPeFT®GAMMA () ® (TP=T)
_ . C _POWER FQUIVALENT OF WET ENVIRONMENT EVAPOTRANSPIRATION (ETW)

£TW=CONSTI+CONST20NPaRTR
IF(ETW.I TLETP/24) ETW=ETP/2,

IF(ETW.GT.ETP) ETWaETP
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Ta/74 nPi=1 FIN 6,60446 1470878 14408459 PAGE 9

¢ PNOWER EQUIVALENT OF FVAPOTRANSPIRATION (ET) . . __

60

ETE2.®ETW=DVI*ETP=NV2OETW
¢ CMANGE THE NO. OF DAYS IN FFRRUARY TO 29 IF IT IS A LEAP YEAR

1F (MOD (YEAR4) (EQ, 0o AND MOV (YEAR40Q) ,NELO) N(2) 829

ey o ——

485

C MULTIRLY BY THE PERIND LENGTH AND DIVINE BY THE LATENT HEAT OF
C__VAPOURIZATION(OK_SUBLIMATION) . TO_OBTAIN THE EVAPQRATION EQUIVALENI . ___

470

¢ OF THE EVAPOTRANSPIRATIONsPOTENTIAL EVAPOTRANSPIRATION AND NET RADIATION
C FOR THE PERIOD.

PLFENGTH2N (MONNUM)
IF(MeGTo1) PLENGTH=30/M

o 1F{M.GTe1.ANDeI1.EQ.M). PLENGTHEN (MONNUM) «PLENGTH® (M=1) . _ .
ETMaFLOAT (PLENGTH) ®ET/L (D) .
ETPM=FLOAT (PLENGTH) ®ETP/L (U}
RIM=FLOAY (PLENGTH) ®RT/1 (.1}

N(2)228 :

C RNUND OFF THE VALUES USING THE ROUND FUNCTION

£ TMzROUND (ETM)

_. L85

ETPM=ROUND (ETPM)
RYMaROUND (RTM)

€ THUTPUT THE EVAPOTRANSPIRATIONsPOTENTIAL EVAPOTRANSPIRATION AND NET
C RADIATION FOR THE PERIOD.

490

PRINT 299 RTMsETPMIETM

C__TATALS FOR MONTHLY MEANS ARF KEPY_FOR STATION SUMMARY(IF MEANS®L) .

A1 TETM(MONNUM) = TETM{MONNUM) ® ET™ , .
TETIPML = P UM) o ETPM

495

TRTM (MONNUM) » TRTM(MONNUM]} ¢ RTM

59 CONTINUE

500

C CHANGE THE YEAR DATE IF THE MONTH NUMBER 1S 12(DEC.)

505

IF (MONNUM oLT. 12} 60TO 60
YEAR = YEAR ¢ |}

SN0QRNAPIBICBINNOES

Cedcossadassnace SET UP QUTPUT FOR STATION SUMMARY

CA0 CONTINVE. .. . U, e - IS

"

——

IF (MEANS +EQe 0} GNTO 10
MEAN = MON(NN/Ms12)
IF_(MEAN oNE. 0) GOTO 10 . ... ._._ ‘... .. e e

510

MEAN = NN/M/12
ETMGYR=ETPMSYResRTMSYR=0,0

No 70 I=le12


http://IF_.JMtAN.iNE
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515

PROGNAM KEVAP

14776 aRTsl FIN Gebetsb 1470878

TETM(1) = TEIM(])/MEAN

14.08.59

PAGE

520

TETPM(1) = TETPM(T)/MEAN
TRIM(I) = TRIM(I)/MEAN
TTETMEYR = ETMSYR ¢ TETM(I) T T
ETPMSYR a ETPMSYR o TETPM(I)}
RTMSYR = RTMSYR ¢ TRTIM(])

T 525

_ . C__QUTPUY STATTON SUMMARY

70 COMTINUE

PRINT 28
PRINT 16¢ MEAN

530

PRINT 17+ (HEADNG(1)oIsl93)}
PRINT 18+ (MON(I) ¢ TRTM(T) S TETPMIT) s TETM(T) o T=1012}
PRINT 19

PRINT 20
PRINT 21 RTMSYR+ETPMSYR9ETMSYR
PRINT 22

535

C RETURN TO BEGINNING TO READ ANOTHER STATIONS DATA

6070 10
565 STnP

540

coooooooo;.'oooo FORMATY STATEMENTS SRANRBANOICONN0RSSRCDNEONNES

S45

1 FORMAT(ABs151 ’ T
11 FORMAT(#141s# PROGRAM NAME INCORRECILY SPECIFIED")
12 FORMAT(3(F9e6911)) ..

‘ 580

117 FORMAT (4(F9.49110) .
13 FuRMAT("l"olx.SAbo"PHIDI".FO-Zoblo"DO"oF1.l1
. 14 _FORMAT(2Xs!MN CYRMGIXeNTD MeTKWT NeBRe"SMeTSIeA3y
*6ReALISX9AD)
1166 FORMAT (22X e"MN

e 6EXeADsSX9AT)

YRUGGX o HTDF " oSXe " TALFN G Xe " TA2F 96X e "S" 2 T5I0ATs

555

144 FORMAT (2X»"MN YR, TR HTDF e TXe " TFHeBX oS 9 TSI0ADs
*6X90a695X0A3)

116 FORMAT(2Xs!MN
¢ 6X1ALISRIAT)

1S FORMAT(1He¢12X92(F741s4142X)9F7,34A0)

115 FORMAT(IH0012!03(FSalvAleX)lF7130A[[

YRMGSKMTDTI6RsNTALM o SXy M TAZN 9 TSP TSIAds

560

16 FORMAT (# 1y 10X+ "MONTHLY TOTALS AVERAGED OVER 'e12e" YEARS"/)
17 FORMAT (" My l0Xe" MNY e 12X0A39IXsAGII0XIAY/ /)

.18
19
20
21

FORMAT (1
FOMMAT (0
FORMAT (#
FORMAT (»

Wy l0XeAbo6XsFBeloSX1FB8s115X0F8s1/)
Hel0RsTAe3lGXsG(="]))

1ty 10Xs"AVERAGE")

110X "YEARLY"93X03(F9e194X))

56%

22
23
24
26
27
2R

FORMAT (¥

FORMAT (1X
FORMAT (5A
FORMAT (2X
FORMAT (IH

FONMATORL/ /44447770

29 FORMAT (1M +T5003(FT7.002X1)

(‘.....060I...DOGOOODOD......'..QGQ.Q..'"O'OGO......._:!Q_g_»’_?!!!_g’_??_e.....

Wel0Xe"TNATALM)

2ASelXelW) i
©eF5e216Xg1191293Xs[6sFB8e292XeFS.091Xe412) !
Wo11)

¢ e 1551 "PPNR1FS5,0)




ve
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! FUNCTLON WOUND 14/7a 0PTa) FTIN 4,6¢446 14/08/8 .14,08.59 PAGE - 1 '
! .
1 REAL FUNCTION 20QUND(X) : : !
y - - . XI=FLOATLIFIX(X)) . . o
; REMzABS (X=X1) 210, ‘X
; IF (Xe€EQe0e0) GO TO 10 .
> - I=IFIX(REMI/S . e e e e e e i e
i SIGN=X/ABS (X) H
| ROUNDEXI+SIGN®FLOAT(]) :
- RETURN ‘
I 10 ROUND20,0 :
i 10 RE TURN _ ;
i - . JEND . - . . N e e e e e 1
. i
{
! ;
H - T . R o - T
- - )
FUNCTLON aRCCOS 74/74  OPTs} FTN 4,6046 1670878 16.08.59 PAGE. 1
1 REAL FUNCTION ARCCOS(Y)
L P1=3.1415926564 |
(- TF(Y) 10091019102
. 100 ARCCOS®PI~ATAN (SURT((lo=Yo82)/YR02)) -
Lo S . _.__RETURN = _ . e o e e
101 ARCCOS=P1/2.
RETURN
102 ARCCOSSATAN(SQRT((l.=Y®®2)/Y®02)) e
| I— RE TURN
10 ENN
. - e N . .
!
|
. - - T ) |
! !
|

e
|
|
|
|
t

i
|
1
v
{
i
t
]
!
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Appendix i

Compiete List of Variables Used
in Program REVAP



VARIABLE
~ NAME

ACOM
AK

ALPHA(J)
ARAT

AT™M

AZ

All

AO

B

BETA
CONSTI
CONST2

APPENDIX II

COMPLETE LIST OF VARIABLES USED IN PROGRAM REVAP

DESCRIPTION UNITS

Average albedo

Cosine of OMEGA

. Air temperature : (°K)

Constant iﬁ computation of vapour pressure
Weighting factor for the effect of snow on

albedo

Weighting factor for the effect of clouds on
atmospheric radiation

Clear sky albedo when sun is at zenith

Snow-free, clear sky albedo when sun 1s.at

the zenith

Clear sky albedo

Net long wave radiation loss at T (Wm=2)
Constant in computation of vapour pressure (°C)
Constant term used in calculating ETW or EW (Wm~2)
Constant coefficient for calculating

ETW or EW

36



C0Sz

- CZENA

c1,C2,C3,C4

DELTA

DELP

bpP

.DUST

DUSTT

DV1

DV2

EE

EPM
ET

ETM
ETM5YR

ETP

Cosine of the average angular zenith

distance of the sun

Cosine of the solar zenith angle

Alpha-numerics used to indicate an

estimated value

Slope of the saturation vapour pressure

curve at T ' " (mbec™1)
Slope of the saturation vapour pressure

curve at TP (mb°C'])
Penman weighting factor

Turbidity coefficient

Intermediate calculation used to estimate

TAUT

0 for WEVAP;

Dummy variable (DV1
DV1 = 1 for REVAP)

Dummy variable (DV2 = 1 for WEVAP;

DV2 = 0 for REVAP)

Vapour transfer coefficient x stability

factor x vapour pressure deficit (Wm‘z)
Potential evapotranspiration for time period (hm)'
Power equivalent of evapotranspiration (W m'2)
Evapotranspiration for time period (mm)
Sums evapotranspiration for all the station

data (mm)

Power equivalent of potential

evapotranspiration (Wm=2)
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ETPM

ETPM5YR

ETW
EWM
FMM

FORM

FT

FTZ(J)

Fz

GAMMA( J)
GE

GO
HEADNG( 3)
I

I1

IS

IT

Potential evapotranspiration for time period (mm)

Sums potential evapotranspiration for all
the station data
Wet environment evapotranspiration

Lake evaporation for time period

Intermediate calculation for period length

Inpui control parameter for no. of
temperature readings

Vapour transfer coefficient

Vapour transfer coefficient x stability
factor

Coefficient used in computing FTZ(J) and
ZETA (FZ = 28.0 for REVAP; FZ = 25.0 for
WEVAP)

Incident global radiation

Sensible heat transfer coefficient
Extra-atmospheric global radiation

Clear sky global radiation

Variable for REVAP or WEVAP headings
Integer counter for station loop and
initializations

Integer counter for the no. of periods
per month

Control parameter for sunshine duration

Control parameter for temperature data

38

(mm)
(Wm=2)

(mm)

(Wm‘zmb'1)

(Wm=2mb-T1)

(Wm'zmb°])

(Wm-2)
(mbec-1)

- (Wm=2)

(Wm=2)



LAMDA
LNX
LNY

M
MéAN
MEANS
MN
MONNUM
N(12)
NAME
NETA
NN
OMEGA

01,02,03,04

P
PERIOD
PHI
PHID
PI

PLENGTH

J

1 for T 2 0°C
J

2 for T < 0°C
Latent heat of vaporization

(or sublimation) (W-days mm’])

Heat transfer coefficient mbeC-!
Used as argument in calculating TAUT
Used as'argument'in calculating TAUA
No. of time periods per month
No. of years of data
: Control parameter for station sumﬁary
Short form for month used as heading
No. of month (1 to 12)
Array containing no. of days per month (days)
Station name |
Radius vector of sun
Total no. of records
Half the angle between sunrise and sunset (radians)
Variables used to indicate an estimated
input
Average atmospheric pressure' (mb)
Intermediate calculation for THETA and NETA
Latitude (radians)
Latitude (degrees)
Constant = 3.141592654
Length of time period (days)
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PPN Average annual precipitation (mm)

PROGRM Program control variable for REVAP or
WEVAP
RHO - Proportional increase in atmospheric radiation

due to clouds

RT Net radiation at temperature T (wm‘z)
RTC RT constrained for use in ZETA estimates (Wm-2)
RTM Evaporation equivalent of net radiation

for time period (mm)
RTM5YR :Sum of RTM for all the station data (mm)
RTP Net radiation at temperature TP | (Wm'z)
RWM Evaporation equivalent of water surface

net radiation at T - (mm)
S Ratio of observed to méxihum possible

sunshine duration
SB Surface emissivity x Stefan-Boltzmann

constant (Wm=2 °k-4)

5.22 x 1078 for REVAP

5.5 x 10-8 for WEVAP

S8D 4 x SB ' - (Wm=2 °k-%)

20.88 x 10-8 for REVAP

1]

22.0 x 10-8 for WEVAP
STRTMN The first month no. of the stations' data .

T Average air temperature ' (°F or °C)
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TAUA

TAUT
TA]
TAIF
TA2
TAZF

10

TDF
TETM(I)
TETPM(I)
THETA
TP

TRTM(I)

TST

17

VD

VP

VPDL

Partial transmittancy due to absorption
alone

Transmittancy for direct solar radiation
Average maximum air temperature

Average maximum air temperature

Average minimum air temperature

. Average minimum air temperature

Average dew point temperature

Average dew point temperature

- Total monthly ETM for station summary

Total monthiy ETPM for station summary
Declination of the sun

Potential evapotranspiration equilibrium
temperature

Total monthly RTM for station summary
Weighting 7actor for the effects of
temperature on turbidity

Adjustment for time periods shorter than
a month

Saturation vapour pressure at T
Saturation vapour pressure at TD
Saturation vapour pressure at TP

Vapour pressure deficit

Precipitable water vapour

41

(°F)
(mm)
(mm)

(radians)



WVA

WVT

YEAR
YR

ZENA
ZETA

Intermediate part of equation for estimating

TAUA

Intermediate part of equation for estimating

TAUT

Year of climatﬁ]ogica] observation

Short form for year used as heading

Solar zenith angle ' (radians)

Stability factor

42



Appendix lil

Areal Evapotranspiration and Lake Evaporation
Programs for Hewlett-Packard HP-67 Hand-Held
Caiculator .



APPENDIX IT1I

AREAL EVAPOTRANSPIRATION AND LAKE EVAPORATION PROGRAMS
FOR HEWLETT-PACKARD HP-67 HAND-HELD CALCULATOR

Preliminary

1. Put programs on cards. Program I occupies both sides of a card,
while Programs II, III and IV each occupy only one side of a

card. (Séé program listings starting on page 52)

2. Put program constants on a data card so that they can be loaded

into storage registers 10 to 19 inclusive.

Storage Register Constant

10 : 237.3

1 17.27

12 28.00

13 _ 0.66

14 28.50

15 265.5

16 21.88

17 28.00 x 1.15
18 0.66 + 1.15
19 28.50 x 1.15
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For each set of computations

3. Load prdgram constants into storage registers 10 to 19 inclusive

from the‘data card.
4. Load the station latitude , ¢ , (in degrees) into storage register A.

5.'Loéd the ratio of atmospheric pressure at the station to that at
~sea level (p/ps) into storage register B. If pressure
observations are available, divide the average by 1013 mbar. If
not, use the station altitude in metres above sea level (H) in

the following equation:

[ P 0.0065H
pS 288

$5.256
6. Load the snow-free zenith albedo (a,,) into Storage register
C. This is computed using the long-term average precipitation

in millimetres per year (P) in:

_ P 0.5[
a,, =0.26 - 0.00012P (ps) 1+

2| _9_2] <
42!+ (42) < 0.17
The constraint is applied before a,, is stored in register C.
Further constraints are applied in the program, one of which
ensures that a,, will not be lower than 0.11. For estimating

is 0.05.

lake evaporation the value of a,,

45



7. Load the product of the emissivity and the Stefan-Boltzmann
constant into storage register D. For estimating areal

evapotranspiration the value is 5.22 x 10-8 wm~2 (°|<)"4

and for estimating lake evaporation the value is 5.50 x 10-8
wm=2 (°k)-4.
Note: The contents of storage registers A, B, C and D and 10

to 19 inclusive remain unchanged while the program is

working so that they only need to be loaded once.

For each individual computation
8. Load Program I from card.

9. Enter monthly values of dew point temperature (°C), air
temperature (°C), month number and sunshine duration ratio in

automatic étorage registers T,Z, Y and X respectively.
10. Press Key A.

11. When program stops, enter the number of days in the month (it

automatically goes into register X) and then press Key R/S.
12. While Program I is working, put card for Program Il in card

reader slot. It will load automatically and continue the -

computations when Program I is finished.
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13. While Program Il is working, put card for Program IIl in card

14.

15.

reader slot.

While Program IIl is working, put card for Program IV in card

reader slot.

The first flashing result during the execution of Program IV is

the net radiation in mm of evaporation equivalent, the second is

the potential evapotranspiration (or potential evaporation) in

mm and the third is the areal evapotranspiration (or lake

~evaporation) in mm. These quantities are also stored in

registers 8, 4 and 0 respectively.

Notes(1)

The computations for ahy 6ne month can be continuous
with automatic loading of Programs II, III and IV. If
for some reason (forgetfulness being the most common)
the automatic loading does not take p]acé, the program
card in question can be loaded manually and the

computation continued by pressing Key A.

The program can be modified to use global radiation
observations as.input in place of the sunshine
duration ratio by changing steps 080 to 098 of Program
II as shown in Table IIT-1. The quantity 2.064 (steps
080 to 084) converts langleys per day to watts per
square metre. If global radiation is measured in

MJd/mé/day, replace 2.064 by .0864.

47



(3)

Table I11-2 shows the changes necessary to adapt the
HP-67 areal evapotranspiration model to produce

estimates of lake evaporation.

To handle period lengths of fractions of a month the
HP-67 program requires a slight modification to the
form of input of the "month number" and the number of

days in each period. Instead of inputting the "month

“number" as in step 8, the value i should be input as

calculated in the following equation:
i= (I +0.5 (m-1))/m

where m is the number of periods per month and 1 =1
for the first period in January and I = 12 m for the
last period in December. The value of m is restricted
tom=1,2,3,5,6 to avoid large absolute and
percentage variations in the length of the last period
in a month. Thus, for the input of the number of days
in a period (step 10), there will be a constant number
of days for the first m - 1 periods in a month, while
the last mth period will vary in length depending on
the month. Furthermore,step 049 in PROGRAM I should
be changed from a "2" to a "4" to obtain more accurate

average values of the declination of the sun.
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Table III-2
CHANGES REQUIRED TO OBTAIN LAKE EVAPORATION
ESTIMATES INSTEAD OF AREAL EVAPOTRANSPIRATION ESTIMATES

PROGRAM FOR AREAL EVAPOTRANSPIRATION FOR LAKE

AND STEP ESTIMATES EVAPORATION ESTIMATES

NUMBER i

REY ENTRY " KEV CODE____ KEY ENTRY _ KEY CODE

PROGRAM I

BRC . 83 RCL C 34 13
142 9 09 STO 8 33 08
143 1 o1 RCL 9 34 09
144 RCL 4 34 04 3 03
145 RCL 6 34 06 3 03
146 : 81 0 00
147 - 51 E 8]
148 2 02 ~h RCI 35 34
149 s 81 + 61
150 RCL C 34 13 h STI 35 33

157 g x>y 32 81 . 83
152 h x =y 35 52 2 02
153 . 83 5 05
154 1 01 STO 9 33 09
155 1 o0 . 83
156 g xsy 32 71 | 2 02
157 hx Yy 35 52 8 08
158 - STO 8 33 08 $T0+9 33 81 09

PROGRAM I1I . '

099 RCL 9 34 09 h RCI 35 34
100 3 03 h RCI 35 34
101 3 03 fINT 31 83
102 0 00 h STI 35 33
103 : 81 - 51

PROGRAM 111
08T STO 9 33 09 STOX9 33 71 09

PROGRAM 1V

o8 4 04 2 02
086 0 00 4 04
089 8 08 6 06
098 RCL 4 34 04 2 02
099 - 51 : 81
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(5)

To handle weekly or other irreqular periods the same
procedure can be used with I equal to the number of days
from the begfnning of the calendar year to the middle day
of the period (using a February of 28.5 days) and with m

equal to (29.5 + I/270) or 30.4, whichever is smaller.
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
001 F LBL A 3! 25 1} h R 35 53
STO O 33 00 i COS xl 0%
R Ry 55 532 q x<yY 32 |
R/S R4 w0  Thx<d 25 52
STO X O STO 7 =% O7
n R =55 53 h R% =5 =4
STO 2 33 02 - =X
h RY 35 5% STO E 31D
STO 3 53 0% h LST X 35 832
010 F x<O x| 7| g <y 32 7|
h aF 2|39 5] 02 ENTER%Y 4|
N RV 35 53 - 31
| o hLST X 35 872
@) o0 070 h <Y S 52
h STI 5 3 CHS 472
h RJ$. IS5 53 9 cos™! 22 03
L GSB BI|®! 22.1% - <IN B o2
- STO 4 X h LST 2% 35 82
| Q| g D= R =2 7%
020 3 o6 STO 8 L oF
h F? 21357 oz = =1
nhosT 35 3% Fd 71
+ OS2 35 33 RCL E 4 =
RCL & 24 03 080 + ol
- csp B|ZI 22 i2 STO £ )
=TO & 23 O RCL 8 B4 O
%3 71 A T EERES
= 81 = 3
* 7 > 7
030 h /% =S 62 RCL 2 4 DL
STO 5 =Z 05 ! o]
2 02 2 o
9 o9 - = |
. =23 090 £ SN Xl bz
S o5 o 05
sTox2|38 7 O o) oD
Q9 D9 = =N
<4 ol ] =1
STO-Z213Z 51 02 + of
040 EEX 4% -9 x* =2 £
CH5 42 < 3
= 03 | =3
RCL. A z4 ! = OF
RCL 2 x4 O 100 5 0D
£ SIN % 62 <4 D=
2 [ *, -1
3 o3 STO 2 3 02
. Sz | ol
2 oz . S=
050 » T O (o))
- = a8 a3
A LST X =S a7, g e* 32 52
- COS Z 03 . 8%
RCL A =4 1) 10 o 20
i COS 2 3 | o]
> 71 2. QZ
REGISTERS
o] 1 2 3 4 5 6 7 8 g9
S0 S1 S2 S3 . S4 S5 S6 S7 S8 S9

D

REVAP — PROGRAM |
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Program Listing

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
STO 8| 3308 ' RCL 8] 34 03
RCL 7 24 07 170 . 82
g cos™! 32 6% ° 3 o3
70O 9 33 09 4 o4
X 7] N = 5
g e* 32 52 x 71
RCL 7 34 07 RCL B8 >4 08
120 RCL 8 X4 08 + =l
h ' %5 o2 STOx 7|33 7t O7F
9 DR 32 7% z Y
- 8| ] ol
RCL S 34 09 180 RCL 3 24 03
i SIN 2 o 9 x4 32 8l
STO 8 3308 ENTER+ 41
-+ =] - =Y
X 7i o) o5
— S | Qx>d 2. 3!
30 1 =3 Nnx<Y AS 52
RCL B B4 08 RCL B 34 12
- X ] =T
= =X - 5
| o]l 190 > 71
. s= g e* -~ 32 52
4 o4 RCL E 3415
Z 27 g _x? Z2 =2
1 D= S o5
= 3! X 7
140 s10 71 ZZ 5T : g%
. 23 S o5
9 =) x< T\
] oY h LST X =5 4Z
RCL 4 24 04 200 -+ 5l
RCL o 24 O, X, 71
5 =¥ RCL E 24 o
- =X h PAUSE =5 72
z oz R/S 34
i Al f (BL B[3125 12
150 Rc Cl =24 12 STO 9] 3% 069
d x>y 32 X! RCL (L 24 24
h x=H4 35 82 -+ 17y
- 232 N LST X =35 §2
l ol 210 - 1SZ | %4|
! ol RCLD) 34 24
o y<d X7 7 bl i
hz<=Yd 2532 h LST % 25 37
STO 8 2308 RCL O EZNSS)
RC_. © 24 OO0 X 71
160 KIL 34 O4 b RA =2 24
9 X7y 32 81 = =y
ENTERA 4 g ek x5 52
- (=] 6 o)
9 x? ZZ 54 220 . 8%*
! Q1 i D1
g xz+ 22 71 I i
ENTER® A v =
- 51 RN x5 22
LABELS FLAGS SET STATUS
; ° ¢ 0 0 FLAGS TRIG DISP
a b [+ d 1 ON OFF
o 0D DEG L} FIX 1)
0 ! 2 3 2 100 3] GRAD 1 | scr !
2 0 1] mAD U1 | ENG i:
° ¢ 7 ® 3 als O

REVAP — PROGRAM 1 (continued)
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STEP  KEY ENTRY  KEY CODE COMMENTS STEP KEY ENTRY  KEY CODE COMMENTS
001 + LEBL A3 25 11 STO-r8|33 81 08
- g1 = 81
. 82 3 ea* A2 52
e (@]°) 060 RCL 8 34 O8
h Y¥* =5 63 CHS 42
3 o3 P 71
> 7] h LeT X 35 82
5TO 8 3508 h ST £ a5 82
010 Z o2 RCL. 7 24 07
- B X 71
RCL B X4 12 i =Y
RCL E a4 15 -+ &l
- [=1l 070 | ol
. 8% h_ R4 255
7 o7 - 5|
5 @) x 71
h Y* 25 63 X 71
=) 0]} <+ &l
020 ] 09 RCL Z 34 02
% i X 71
=10+ &35 61 O ST E 33 15
h RY 255% RCL © 34 Q0
RCL & 34 O 080 v 71
| Ol L O D4 OO0
A o2 . a3
2 o 5 o3
- 1 X 7!
. 83 . 83
030 4 (] () o0
9 Q9 s o8
+ 6! + @l
h Y 35 62 RCL Z 24 O2
RCL 4 240 090 x kA
X 71 ! O
RrRCL E 34 iS5 RCL © %4 00
+ 8l = 5/
: =X STO E EEEE
(o O6 X 71
040  y* =56% -+ G
2 =F2 STO 8 3% 08
=] o9 RCL.E 24 15
> 71 RcL 9 24 00
5T+ 8|33 ! 08 100 = [}
EEX 4% >3 (o))
ya o2 (=) 00
9 x>y 32 8l = =1
GTO 2 22 o2 ol d
» 4l | (o]}
050 £ iz % 54 - - EY
n_RA 2% 54 2L 7 24 OF
£ LBl B 25 .02 > 71
v RoJ 35 55 ] =X
+ 2} 110 + &l
EEYX 4% STOXE|DB 71 08
=3 LOX h PAUSE 3s 72
REGISTERS
0 1 2 3 ] 5 6 7 8 9
S0 3] S2 S3 S4 S5 S6 S7 S8 S9

D
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STEP  KEY ENTRY  KEY CODE COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS

003 + LBL A3 25 11 sTo 7 35 O7
RCL 4 34 04 2 oz
RCL. b 34 Db 7 o7
- 21 060 3 Q3
RCL E 34 I5 -+ ol
-+ bl X 7]
[ Ol h LST 2 33 82
. 8% ] o3
4 24 h y* 35 6%
010 2 oz RCL D 34 14
3 x>y 32 8 X 71
ENTER ¢ 41 STO O 3% 00
- 51 X 71
. 8% 070 STO+8 |33 61 08
! ot 4 o4
Qx<y 3z 71 5To x0|23 71 0O
ENTER 1 4] Ci. B A4 08
= =1 £ <40 2 71
RCi- E 34 15 ») 20
020 £ I 31 54 Y = A4
RCL. E 34 15 RCL () 24 24
Y 22 64 _RC- B B4 12
- 51 o = 54
X = 080 = <8
RCL E 24 15 ST 9 33 9
3 x* 32 = RCcL 6 54 Qb
+ ol RCL 4 24 C4
RC- B 34 12 - 31
. ax X 71
030 i Y] - =1
8 08 RCL 5 34 05
= =Y { ISE % 34
e B ReL (L) 34 24
! o1 090 RCL. B 34 12
+ ol X 71
RCL 4 34 Oy STO E 3 15
. 8% = 31
D 20 =1
o) o RCL 4 34 04
040 7 o7 ReL b 34 Qo
RCL B 34 12 - =]
x 71 A 3
~ 71 2 22
. 8% 100 a o3
7 o7 x 71

i ol h L&T » 23S 32 |

+ @) + o! i

X 71 + 51 i

. a3 ] oY i

050 [=) o g r>y 52 3} )
3 [e]3 h &4 25 52

9 x 24 %2 7l STO x913% 7| 0% .

N xeY B35 52 RCL 8 34 08 s

| [e) 110 RCL 9 324 O |

- 51 STO>0|32 81 20 |
RCL. 3 24 0% n PAUSE D5 72,

REGISTERS

5

SO

S2

S3

S4

S5

S6

S7

S8

S9

D
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STEP

KEY ENTRY

KEY CODE

COMMENTS STEP

KEY ENTRY

KEY CODE

COMMENTS

001 - L A3 25 1L | ol
= [=]] 4. x <Y 327
STO+ 4 |33 6) 04 [CR-1-] 22 O%
RcL E 34 15 060 RCL 3 >34 03
< 4D |28 &l 30 RCi. 7 24 O7
£ 152 IR - Sl
RC L (L) x4 24 RCL-. 9 =24 99
STO T 1 |B3 81 Ol bad 71
 DSZ, 3| BX 810 2 3 o2
010 £ Ds2 x| B2 RCL O 34 CO
F DSz 3 3% X 71
c LBL 33 2% 0% REL B 34 08
RCL 4 34 04 -+ 21
RCL b 34 06 070 STO 4 23 04
RCL = A4 OX RC L 4 x4 04
RCL. 7 24 o7 RCL 2 24 C2
- s | RcL E YIS
RgiL. O 34 00 x 71
P 71 — ST [
570 = S =10 & =% 06 i
- S | RCL E 34 'S
RCL. O 34 CO RZL 5 A4 05
L S 34 05 + &l
e [~Y 080 RCL S 34 O5
+ S! - =1
S5TO 2 2% OZ + (=1
STO+ 7|33 &) O7 2 oz
RCL 7 24 O7| . 83
= DS2 Y] 4 04
030 RCL (L) 34 24 [=) fale) |
+ ! x 71 i
h LT = 25 82 2 o2 i
 1SZ B! 34 8 o8
RCL- (D) 34 24 090 -+ ol
Po 71 q x££y 32 71
h LST X 35 8 =2y 35 52
RCL. 7 24 O7 RCL 4 Z4 04]
2% 4 RCL 4 24 O4
h R4 =5 + A
040 E= =Y q x>y a2 81
2 e* B2 52 h x¥d 35 52
e = RCcL & %4 o4 [
. 3% - =1
! =Y 100 REL | 24 Ol
] [=)] STOx4| B3 11 04 |
X 71 ST <833 7103 5
STO 2335 O X 71 !
X Z1 STOo 2 3% Oz i
- Al psP o D 00 |
050 3 7 RCL 8 24 o8 i
h_V/x %5 b2 - - 2 84 !
STo S 22X 05 RCL 4 B4 O4
RCL 2 x4 02 T - x — Y=Y
h ABS =258 &4 110 RCL 2 >4 OC
- 83 - -z - = 8
O o0 h RTN TS5 2
REGISTERS
0 1 2 4 5 6 7 8 g
S0 S S2 S4 S5 56 S7 S8 S9
A 8 C D

REVAP ~ PROGRAM IV

56



