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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 complementary 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 li s t i n g fo" Program REVAP and documentation of the 

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

V 



Resume 

Le p r e s e n t r a p p o r t r e n f e r m e t o u s l e s r e n s e i g n e m e n t s 

n e c e s s a i r e s a 1 ' u t i 1 i s a t i o n des programmes d ' o r d i n a t e u r REVAP e t 

WEVAP. Les e v a l u a t i o n s de 1 ' e v a p o t r a n s p i r a t i o n s u r f a c i q u e ou de 

1 ' e v a p o r a t i o n des l a c s , pou r des p ^ r i o d e s a l l a n t de 5 j o u r s S 

1 m o i s , s o n t e t a b l i e s h p a r t i r des r e l e v e s p u b l i c s r ^ g u l i & r e m e n t de 

l a t e m p e r a t u r e de I ' a i r , de l a t e m p e r a t u r e du p o i n t de r o s ^ e e t de 

l a d u r e e d ' e n s o l e i 1 l e m e n t . Les deux modules s o n t f o n d ^ s s u r l e 

p r i n c i p e d ' u n e r e l a t i o n c d m p l e m e n t a i r e e n t r e 1 ' E v a p o t r a n s p i r a t i o n 

s u r f a c i q u e e t p o t e n t i e l l e . 

Le r a p p o r t donne l e s d e t a i l s de l a p r e p a r a t i o n du p a q u e t de 

c a r t e s e n t r e e a i n s i q u ' u n e c h a n t i l l o n s o r t i e . Sont f o u r n i s en 

annexe l e s i n s t r u c t i o n s FORTRAN du programme REVAP e t l e s 

r e n s e i g n e m e n t s s u r un programme c o m p a r a b l e pour l a c a l c u l a t r i c e 

H e w l e t t - P a c k a r d H P - 6 7 . 



1.0 INTRODUCTION 

Program REVAP i s the l a t e s t i n a s e r i e s o f computer m o d e l s f o r 

e s t i m a t i n g a r e a l e v a p o t r a n s p i r a t i o n f o r p e r i o d s o f 5 days t o 1 month 

f r o m r o u t i n e l y p u b l i s h e d r e c o r d s o f a i r t e m p e r a t u r e , dew p o i n t 

t e m p e r a t u r e and s u n s h i n e d u r a t i o n . L i k e t h e p r e v i o u s m o d e l s , i t i s 

"based on t h e c o n c e p t o f a c o m p l e m e n t a r y r e l a t i o n s h i p between a r e a l 

and p o t e n t i a l e v a p o t r a n s p i r a t i o n . The c o n c e p t p e r m i t s a r e a l 

e v a p o t r a n s p i r a t i o n t o be e s t i m a t e d by i t s e f f e c t s on t h e t e m p e r a t u r e 

and h u m i d i t y o f t he o v e r p a s s i n g a i r , w h i c h i n t u r n a r e r e f l e c t e d i n 

t h e e s t i m a t e s o f p o t e n t i a l e v a p o t r a n s p i r a t i o n , t h e r e b y a v o i d i n g t h e 

c o m p l e x i t i e s o f t h e s o i l - p l a n t s y s t e m and t h e need f o r l o c a l l y 

c a l i b r a t e d c o e f f i c i e n t s . As a c o n s e q u e n c e , t h e r e s u l t s a r e 

v e r i f i a b l e so t h a t e r r o r s i n t h e a s s o c i a t e d a s s u m p t i o n s and 

e m p i r i c a l r e l a t i o n s h i p s can be d e t e c t e d and c o r r e c t e d by p r o g r e s s i v e 

t e s t i n g o v e r an e v e r - w i d e n i n g r a n g e o f e n v i r o n m e n t s . The most 

r e c e n t l y p u b l i s h e d a p p l i c a t i o n o f t h i s m e t h o d o l o g y ( M o r t o n 1978) 

p r o v i d e s good agreement w i t h c o r r e s p o n d i n g l o n g - t e r m w a t e r budget 

e s t i m a t e s o f a r e a l e v a p o t r a n s p i r a t i o n f o r 122 r i v e r b a s i n s i n 

C a n a d a , I r e l a n d , Kenya and t h e s o u t h e r n U n i t e d S t a t e s , However , 

f u r t h e r t e s t i n g i n t h e S a h e l r e g i o n o f n o r t h e r n N i g e r i a , where t h e 

a v e r a g e annua l r a i n f a l l e x c e e d s 650 mm, gave e s t i m a t e s o f a r e a l 

e v a p o t r a n s p i r a t i o n t h a t were s i g n i f i c a n t l y n e g a t i v e d u r i n g t h e 

5 -month s e a s o n when t h e r e i s p r a c t i c a l l y no r a i n . P rogram REVAP i s 

f o r a r e v i s e d model t h a t c o r r e c t s t h e s o u r c e o f t h e s e u n r e a l i s t i c 

r e s u l t s and i n c o r p o r a t e s c e r t a i n c o n c e p t u a l i m p r o v e m e n t s . 
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The c o m p l e m e n t a r y r e l a t i o n s h i p between a r e a l and p o t e n t i a l 

e v a p o t r a n s p i r a t i o n a l s o p r o v i d e s a b a s i s f o r e s t i m a t i n g l a k e 

e v a p o r a t i o n f r o m c l i m a t o l o g i c a l d a t a o b s e r v e d i n the l a n d 

e n v i r o n m e n t . T h i s r e q u i r e s o n l y m i n o r m o d i f i c a t i o n s t o t h e a r e a l 

e v a p o t r a n s p i r a t i o n m o d e l . W i th no r o u t i n e o b s e r v a t i o n s o f t h e 

s i g n i f i c a n t s e a s o n a l h e a t - s t o r a g e changes t h a t o c c u r i n l a k e s , t h e 

s h o r t - t e r m e s t i m a t e s become r e a l i s t i c o n l y when a c c u m u l a t e d t o 

p r o v i d e annua l t o t a l s . The most r e c e n t l y p u b l i s h e d v e r s i o n o f t h e 

model (Mor ton 1979) p r o v i d e s good agreement w i t h c o r r e s p o n d i n g w a t e r 

b u d g e t e s t i m a t e s f o r Lake H e f n e r i n Ok lahoma , t h e S a l t o n Sea and 

S i l v e r L a k e i n C a l i f o r n i a , P y r a m i d and Winnemucca Lakes i n N e v a d a , 

L a k e O n t a r i o i n New York and O n t a r i o and Dauph in Lake i n M a n i t o b a . 

P rogram WEVAP i s f o r a r e v i s e d model t h a t i n c o r p o r a t e s t h e 

c o n c e p t u a l improvements used i n t h e f o r m u l a t i o n o f P rog ram REVAP, 

t h e r e b y i n c r e a s i n g c o n f i d e n c e i n t h e w o r l d - w i d e a p p l i c a b i l i t y o f t h e 

r e s u l t a n t l a k e e v a p o r a t i o n e s t i m a t e s . 

The p u r p o s e o f t h i s r e p o r t i s t o p r o v i d e a c o m p l e t e 

d o c u m e n t a t i o n o f t he d a t a r e q u i r e m e n t s and o p e r a t i o n o f P rog rams 

REVAP and WEVAP p r i o r t o p u b l i c a t i o n i n t h e s c i e n t i f i c l i t e r a t u r e o f 

t he c o n c e p t u a l and e x p e r i m e n t a l b a s e s f o r t h e m o d e l s . The b a s i c 

a s s u m p t i o n s , c o n c e p t s , s o u r c e s o f i n f o r m a t i o n and r e s u l t s o f t h e 

v e r i f i c a t i o n p r o c e d u r e a r e d i s c u s s e d h e r e i n o n l y i n s o f a r as t h e y 

r e p r e s e n t s i g n i f i c a n t changes t o t h e most r e c e n t l y p u b l i s h e d 

v e r s i o n s o f t he mode ls (Morton 1978, 1979 ) . F o r more 
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d e t a i l s t h e r e a d e r i s a d v i s e d to watch f o r t h e f o r t h c o m i n g 

p u b l i c a t i o n s . 

The a r e a l e v a p o t r a n s p i r a t i o n and l a k e e v a p o r a t i o n mode ls 

have been programmed f o r t he H e w l e t t - P a c k a r d HP -9100A desk 

c a l c u l a t o r ( w i t h t h e HP -9101A e x t e n d e d memory) and f o r t h e H P - 6 7 

h a n d - h e l d c a l c u l a t o r . D o c u m e n t a t i o n f o r t h e HP -67 p rogram i s 

i n c l u d e d as A p p e n d i x III and d o c u m e n t a t i o n f o r t h e HP -9100A p r o g r a m 

can be s u p p l i e d on r e q u e s t . 

2.0 T e r m i n o l o g y 

The e q u a t i o n d e s c r i b i n g t h e c o m p l e m e n t a r y r e l a t i o n s h i p i s 

e x p r e s s e d as f o l l o w s : 

ET + ETP = 2 ETW 

i n w h i c h 

ET = a r e a l e v a p o t r a n s p i r a t i o n = t h e e v a p o t r a n s p i r a t i o n f r o m an a r e a 

so l a r g e t h a t t h e e f f e c t s o f t h e e v a p o t r a n s p i r a t i o n on t h e 

t e m p e r a t u r e and h u m i d i t y o f t h e o v e r p a s s i n g a i r a r e f u l l y 

d e v e l o p e d . 
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ETP = p o t e n t i a l e v a p o t r a n s p i r a t i o n = t h e e v a p o t r a n s p i r a t i o n t h a t 

wou ld o c c u r f rom s a t u r a t e d s u r f a c e s as e s t i m a t e d f r o m a 

s o l u t i o n o f t h e e n e r g y b a l a n c e and v a p o u r t r a n s f e r e q u a t i o n s 

u s i n g r a d i a t i o n a b s o r p t i o n , h e a t t r a n s f e r and v a p o u r t r a n s f e r 

c h a r a c t e r i s t i c s t h a t a r e c o m p a t i b l e w i t h t h e p l a n t , s o i l and 

snow c o v e r o f t h e s u r r o u n d i n g a r e a . 

ETW = wet e n v i r o n m e n t e v a p o t r a n s p i r a t i o n = t h e e v a p o t r a n s p i r a t i o n 

t h a t w o u l d o c c u r f r o m an e x i s t i n g o r h y p o t h e t i c a l l a r g e a r e a 

w i t h s a t u r a t e d s u r f a c e s , i . e . w i t h no l i m i t s on t h e 

a v a i l a b i l i t y o f w a t e r f o r e v a p o t r a n s p i r a t i o n . 

The t e r m i n o l o g y i s i l l u s t r a t e d i n F i g u r e 1, w h i c h shows t h e 

w o r k i n g s o f t he c o m p l e m e n t a r y r e l a t i o n s h i p under c o n d i t i o n s o f 

c o n s t a n t r a d i a n t e n e r g y s u p p l y . When t h e r e i s no w a t e r a v a i l a b l e 

f o r e v a p o t r a n s p i r a t i o n ( e x t r e m e l e f t o f F i g . 1 ) , ET = 0 and ETP i s 

a t i t s maximum r a t e o f 2ETW. As t h e w a t e r s u p p l y t o t h e s o i l - p l a n t 

s y s t e m i n c r e a s e s (mov ing t o t h e r i g h t i n F i g . 1 ) , t h e ET i n c r e a s e s , 

r e s u l t i n g i n a d e c r e a s e i n ETP o f t h e same m a g n i t u d e . E q u i l i b r i u m 

i s r e a c h e d when t h e r e i s no r e s t r i c t i o n on t h e w a t e r made a v a i l a b l e 

to the s o i l - p l a n t s y s t e m and ET = ETP = ETW. T h u s , t h e p o t e n t i a l 

e v a p o t r a n s p i r a t i o n under c o m p l e t e l y humid c o n d i t i o n s i s e q u a l t o one 

h a l f t h e p o t e n t i a l e v a p o t r a n s p i r a t i o n under c o m p l e t e l y a r i d 

c o n d i t i o n s . I t s h o u l d be n o t e d t h a t n e i t h e r ET n o r the a v a i l a b i l i t y 

o f w a t e r a r e known, b u t t h a t b o t h ETP and ETW can be e s t i m a t e d f r o m 
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WATER MADE AVAILABLE BY SOL-PLANT SYSTEM OF THE AREA 

Figure 1. Schematic representation of the complementary relationship for areal evapotranspiration. 
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r o u t i n e c l i m a t o l o g i c a l o b s e r v a t i o n s . T h e r e f o r e , t he c o m p l e m e n t a r y 

r e l a t i o n s h i p i s used i n t h e f o l l o w i n g f o r m : 

ET = 2ETW - ETP 

The c o m p l e m e n t a r y r e l a t i o n s h i p t a k e s i n t o a c c o u n t t h e 

d i f f e r e n c e s between t h e l a k e and l a n d e n v i r o n m e n t s and t h e r e f o r e c a n 

be used t o e s t i m a t e l a k e e v a p o r a t i o n f r o m r o u t i n e c l i m a t o l o g i c a l 

o b s e r v a t i o n s i n t h e l a n d e n v i r o n m e n t . A s c h e m a t i c r e p r e s e n t a t i o n o f 

t h i s r e l a t i o n s h i p and t h e ' . t e r m i n o l o g y used i n P r o g r a m WEVAP a r e 

i l l u s t r a t e d i n F i g u r e 2 i n w h i c h : 

EP = p o t e n t i a l e v a p o r a t i o n = t h e e v a p o r a t i o n computed f r o m a 

s o l u t i o n o f t h e e n e r g y b a l a n c e and v a p o u r t r a n s f e r e q u a t i o n s 

u s i n g r a d i a t i o n a b s o r p t i o n , h e a t t r a n s f e r and v a p o u r t r a n s f e r 

c h a r a c t e r i s t i c s t h a t a r e c o m p a t i b l e w i t h a w a t e r s u r f a c e . As 

t h e i n p u t d a t a a r e n o r m a l l y o b s e r v e d i n t h e l a n d e n v i r o n m e n t , EP 

i s t h e e v a p o r a t i o n a t t h e upwind edge o f t h e l a k e , 

EW = l a k e e v a p o r a t i o n = e v a p o r a t i o n f r o m a body o f w a t e r so l a r g e 

t h a t the e f f e c t s o f t he s h o r e l i n e t r a n s i t i o n a r e n e g l i g i b l e . 

I t i s s i m i l a r t o ETW e x c e p t f o r t h e e f f e c t s o f d i f f e r e n c e s i n 

t h e r a d i a t i o n a b s o r p t i o n , h e a t t r a n s f e r and v a p o u r t r a n s f e r 

c h a r a c t e r i s t i c s between l a n d and l a k e . 
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2EW 

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

2 
O 
I -
< 
CC 

2 < > 
UJ 

< 
OC 

EW= LAKE EVAPORATION 

WATER MADE AVAILABLE BY SOIL-PLANT SYSTEM OF LAND ENVIRONMENT 

Figure 2. Schematic representation of the complementary relationship for lake evaporation. 
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F i g u r e 2 shows what happens under c o n d i t i o n s o f c o n s t a n t 

r a d i a n t ene rgy s u p p l y . As t h e r e i s no l a c k o f w a t e r on a l a k e , t h e 

v a l u e o f EW r e m a i n s c o n s t a n t , h o w e v e r , t he v a l u e o f EP r e s p o n d s i n a 

comp lementa ry way t o changes i n w a t e r made a v a i l a b l e by t h e 

s o i l - p l a n t s y s t e m i n t h e l a n d e n v i r o n m e n t . T h u s , i n a c o m p l e t e l y 

d r y l a n d e n v i r o n m e n t t h e v a l u e o f EP i s t w i c e EW, whereas i n a 

c o m p l e t e l y wet e n v i r o n m e n t t h e v a l u e o f EP i s e q u a l t o EW. Such 

l a r g e changes i n EP (and i n t h e e v a p o r a t i o n a t t h e upwind s h o r e l i n e ) 

have n e g l i g i b l e e f f e c t s u n l e s s t h e s h o r e l i n e t r a n s i t i o n o f 

a p p r o x i m a t e l y ; 300 m e t r e s {Mor ton 1979) i s a l a r g e p a r t o f t h e l a k e 

a r e a . 

3.0 C o n c e p t u a l Improvements 

Programs REVAP and WEVAP d i f f e r f r o m t h e most r e c e n t l y 

p u b l i s h e d a p p l i c a t i o n s o f t he c o m p l e m e n t a r y r e l a t i o n s h i p (Mor ton 

1978 , 1979) i n a number o f w a y s . Some d i f f e r e n c e s , such as t h o s e 

p e r t a i n i n g t o e s t i m a t e s o f n e t r a d i a t i o n and t h e e f f e c t s o f 

a t m o s p h e r i c s t a b i l i t y and p r e s s u r e on t h e vapour t r a n s f e r 

c o e f f i c i e n t , a r e r e l a t i v e l y m i n o r and w i l l be d i s c u s s e d i n 

f o r t h c o m i n g s c i e n t i f i c p u b l i c a t i o n s ; h o w e v e r , t h o s e i n v o l v i n g 

e s t i m a t e s o f p o t e n t i a l e v a p o t r a n s p i r a t i o n , wet e n v i r o n m e n t 

e v a p o t r a n s p i r a t i o n and c a l i b r a t i o n a r e more i m p o r t a n t and t h e y a r e 

d i s c u s s e d b r i e f l y b e l o w . 
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P o t e n t i a l e v a p o t r a n s p i r a t i o n i s e s t i m a t e d f rom a s o l u t i o n 

o f t h e e n e r g y b a l a n c e and v a p o u r t r a n s f e r e q u a t i o n s . T h i s can be 

done by a n a l y t i c a l , g r a p h i c a l o r i t e r a t i v e t e c h n i q u e s . A n a l y t i c a l 

s o l u t i o n s a re a c c u r a t e o n l y under r e l a t i v e l y humid c o n d i t i o n s where 

t h e p o t e n t i a l e v a p o t r a n s p i r a t i o n e q u i l i b r i u m t e m p e r a t u r e i s near t h e 

a i r t e m p e r a t u r e ; g r a p h i c a l s o l u t i o n s a r e n o t s u i t a b l e t o compute r 

a p p l i c a t i o n s ; and p u b l i s h e d i t e r a t i v e s o l u t i o n s r e q u i r e an e x c e s s i v e 

number o f c o m p u t a t i o n s t o a c h i e v e t h e n e c e s s a r y a c c u r a c y . The most 

r e c e n t l y p u b l i s h e d a p p l i c a t i o n s o f t h e c o m p l e m e n t a r y r e l a t i o n s h i p 

(Mor ton 1978, •1979) used an a n a l y t i c a l s o l u t i o n s i m i l a r t o t h e 

K o h l e r and P a r m e l e (1967) v e r s i o n o f t h e Penman e q u a t i o n . P rog ram 

REVAP i n c o r p o r a t e s a new and improved t e c h n i q u e w h i o h , by u s i n g 

c e r t a i n a s p e c t s o f t he a n a l y t i c a l p r o c e d u r e , p r o d u c e s n u m e r i c a l a c c u r a c y 

w i t h i n f o u r i t e r a t i o n s . 

In a r a t i o n a l i z a t i o n o f t h e c o m p l e m e n t a r y r e l a t i o n s h i p 

Mor ton (1971) showed t h a t the p o t e n t i a l e v a p o t r a n s p i r a t i o n 

e q u i l i b r i u m t e m p e r a t u r e p r o d u c e d by such a s o l u t i o n t e n d s t o r e m a i n 

c o n s t a n t w i t h r e s p e c t t o a v a i l a b i l i t y o f w a t e r f o r a r e a l 

e v a p o t r a n s p i r a t i o n . T h e r e f o r e , t h e use o f t h e e q u i l i b r i u m 

t e m p e r a t u r e t o p r o v i d e t h e c o n s e r v a t i v e t e m p e r a t u r e e f f e c t r e q u i r e d 

f o r e s t i m a t e s o f t h e wet e n v i r o n m e n t a r e a l e v a p o t r a n s p i r a t i o n 

e l i m i n a t e s the need f o r t he c o m p l i c a t e d and q u e s t i o n a b l e t e m p e r a t u r e 

a d j u s t m e n t s used p r e v i o u s l y ( M o r t o n 1978, 1 9 7 9 ) . 
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In the most r e c e n t l y p u b l i s h e d a p p l i c a t i o n s o f t h e 

c o m p l e m e n t a r y r e l a t i o n s h i p (Mor ton 1978, 1979) t h e c a l i b r a t i o n 

s t a r t e d w i t h e d u c a t e d a s s u m p t i o n s c o n c e r n i n g t h e n a t u r e o f t h e wet 

e n v i r o n m e n t a r e a l e v a p o t r a n s p i r a t i o n (ETW) and ended w i t h e s t i m a t e s 

o f t he v a p o u r t r a n s f e r c o e f f i c i e n t and two c o e f f i c i e n t s used i n 

e s t i m a t i n g a d v e c t i o n e n e r g y . In c o n t r a s t , t h e c a l i b r a t i o n o f 

P rog rams REVAP and WEVAP s t a r t s w i t h e d u c a t e d a s s u m p t i o n s about t h e 

vapour t r a n s f e r c o e f f i c i e n t and ends w i t h e s t i m a t e s o f c o e f f i c i e n t s 

needed t o d e t e r m i n e t h e d r y e n v i r o n m e n t p o t e n t i a l e v a p o t r a n s p i r a t i o n 

(wh ich by d e f i n i t i o n i s t w i c e t h e wet e n v i r o n m e n t a r e a l 

e v a p o t r a n s p i r a t i o n ) . The r e s u l t a n t e s t i m a t e s o f ETW i n c l u d e any 

e f f e c t s o f a d v e c t i o n e n e r g y . The c a l i b r a t i o n used c l i m a t o l o g i c a l 

d a t a f rom t h e a r i d a r e a s o f N i g e r i a , t h e S u d a n , and t h e s t a t e s o f 

W a s h i n g t o n , A r i z o n a and T e x a s . T h e r e were 154 s t a t i o n - m o n t h s w i t h 

p r e c i p i t a t i o n low enough t h a t i t c o u l d be assumed e q u a l t o t h e a r e a l 

e v a p o t r a n s p i r a t i o n , and t h e s e were used t o d e r i v e t h e f o l l o w i n g 

r e g r e s s i o n e q u a t i o n : 

2ETW = 28 + 2 . 4 0 * DP * RTP ( r = 0 . 9 9 8 ) 

i n w h i c h DP i s t h e Penman w e i g h t i n g f a c t o r ( i . e . t h e r a t i o o f t h e 

s l o p e o f t h e s a t u r a t i o n vapour p r e s s u r e c u r v e t o t h e sum o f t h e 

s l o p e and the p s y c h r o m e t r i c c o n s t a n t ) and RTP i s t h e n e t r a d i a t i o n 

f o r t h e l a n d s u r f a c e . Both DP and RTP a r e a t t h e p o t e n t i a l 

e v a p o t r a n s p i r a t i o n e q u i l i b r i u m t e m p e r a t u r e . 
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The same m e t h o d o l o g y and d a t a were used to c a l i b r a t e the 

l a k e e v a p o r a t i o n model w i t h t h e v a p o u r t r a n s f e r c o e f f i c i e n t r e d u c e d 

by 11% t o make i t more c o m p a t i b l e w i t h t h e r o u g h n e s s o f a w a t e r 

s u r f a c e . The r e s u l t s a r e as f o l l o w s : 

2EW = 26 + 2 .24 * DP * RP ( r = 0 . 9 9 8 ) 

i n w h i c h DP i s t h e Penman w e i g h t i n g f a c t o r and RP i s t h e n e t 

r a d i a t i o n f o r t h e w a t e r s u r f a c e , b o t h a t t h e p o t e n t i a l e v a p o r a t i o n 

e q u i l i b r i u m t e m p e r a t u r e . • 

4 . 0 L i m i t a t i o n s 

Programs REVAP and WEVAP a r e d e s i g n e d f o r w o r l d - w i d e 

a p p l i c a t i o n w i t h o u t l o c a l o p t i m i z a t i o n o f c o e f f i c i e n t s ; h o w e v e r , 

such w i d e s p r e a d use i s s u b j e c t t o t h e f o l l o w i n g l i m i t a t i o n s : 

1) They c a n n o t be a p p l i e d t o t i m e i n t e r v a l s s h o r t e r t h a n 5 d a y s . 

2) They cannot be a p p l i e d n e a r s h a r p e n v i r o n m e n t a l d i s c o n t i n u i t i e s . 

3) C l i m a t o l o g i c a l i n p u t must be f r o m a s t a t i o n i n s u r r o u n d i n g s 

r e p r e s e n t a t i v e o f t h e a r e a o f i n t e r e s t . 

4) P rogram REVAP c a n n o t be used t o p r e d i c t t h e e f f e c t s o f n a t u r a l 

o r man-made changes i n l a n d use o r c l i m a t e . 

5) Program WEVAP c a n n o t p r o v i d e r e a l i s t i c s h o r t - t e r m o r s e a s o n a l 

e s t i m a t e s o f e v a p o r a t i o n f r o m l a k e s o f any d e p t h . 
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More d e t a i l s on t h e s e and o t h e r l i m i t a t i o n s have been p u b l i s h e d 

e l s e w h e r e (Mor ton 1978, 1979) 

5 . 0 Computer P rogram O p e r a t i o n 

The o n l y d i f f e r e n c e s between P rog rams REVAP and WEVAP a r e 

i n t h e e q u a t i o n s t h a t have a l r e a d y been d i s c u s s e d and i n t h e 

e s t i m a t e s o f a l b e d o , e m i s s i v i t y and v a p o u r t r a n s f e r c o e f f i c i e n t ; 

t h e r e f o r e , i t i s e a s y and c o n v e n i e n t t o combine them i n t o one 

computer p r o g r a m . The combined p rogram i s r e f e r r e d t o as P r o g r a m 

REVAP and a l l t h e n e c e s s a r y changes a r e made a u t o m a t i c a l l y when t h e 

p r o g r a m c o n t r o l v a r i a b l e i s s p e c i f i e d as e i t h e r "REVAP" o r "WEVAP". 

T h i s s e c t i o n d e a l s w i t h t h e o r g a n i z a t i o n o f i n p u t d a t a r e q u i r e d t o 

o p e r a t e t h e computer p rogram REVAP and t h e f o r m o f o u t p u t t o be 

e x p e c t e d . 

5 .1 P r o g r a m Language 

^ijram REVAP has been used s u c c e s s f u l l y on t h e C o n t r o l 

D a t a C o r p . CDC CYBER 74 w i t h t h e NOS/BE (Network O p e r a t i n g 

S y s t e m / B a t c h E n v i r o n m e n t ) o p e r a t i n g s y s t e m a t t h e Depa r tment o f 

E n e r g y , M ines and R e s o u r c e s , O t t a w a . I t i s w r i t t e n i n t h e FORTRAN 

EXTENDED l a n g u a g e and r e q u i r e s about 40 000 ( o c t a l ) words o f p rogram 

s t o r a g e s p a c e . W h i l e e x e c u t i o n t ime w i l l v a r y a c c o r d i n g t o s i z e o f 

d a t a b a s e , 5 y e a r s o f m o n t h l y r e c o r d s r e q u i r e a p p r o x i m a t e l y 0 . 4 0 s e c 

o f e x e c u t i o n t i m e . 
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The FORTRAN p rog ram l i s t i n g and l i s t o f v a r i a b l e s a p p e a r i n 

A p p e n d i x e s I and II r e s p e c t i v e l y . D o c u m e n t a t i o n and p rogram l i s t i n g 

f o r t h e H e w l e t t - P a c k a r d HP-67 h a n d - h e l d c a l c u l a t o r a r e f o u n d i n 

A p p e n d i x I I I . 

5 . 2 O p t i o n s 

As m e n t i o n e d i n S e c t i o n 5 . 0 , P rogram REVAP can be used t o 

p r o v i d e e s t i m a t e s o f e i t h e r a r e a l e v a p o t r a n s p i r a t i o n o r l a k e 

e v a p o r a t i o n . ' T h e r e a r e f o u r o t h e r o p t i o n s a v a i l a b l e t h a t a r e 

c o n t r o l l e d by i n p u t c o n t r o l p a r a m e t e r s . 

1) The a i r and dew p o i n t t e m p e r a t u r e s can be i n e i t h e r F a h r e n h e i t 

o r C e l s i u s u n i t s . 

2) The a v e r a g e a i r t e m p e r a t u r e i n p u t can be r e p l a c e d by b o t h t h e 

a v e r a g e maximum and a v e r a g e minimum a i r t e m p e r a t u r e s i f 

c o n v e n i e n t . 

3) G l o b a l r a d i a t i o n o b s e r v a t i o n s ( e x p r e s s e d i n l a n g l e y s per day ) 

can r e p l a c e t h e r a t i o s o f o b s e r v e d t o maximum p o s s i b l e s u n s h i n e 

d u r a t i o n as i n p u t i f n e c e s s a r y o r c o n v e n i e n t . 

4) I f r e q u i r e d , t h e program can p r o v i d e a summary o f r e s u l t s i n t h e 

f o r m o f a t a b u l a t i o n showing t h e a v e r a g e s o f t h e m o n t h l y and 

annua l v a l u e s o f n e t r a d i a t i o n , p o t e n t i a l e v a p o t r a n s p i r a t i o n and 

a r e a l e v a p o t r a n s p i r a t i o n o r t h e i r P r o g r a m WEVAP e q u i v a l e n t s . 
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5 . 3 S t r u c t u r e 

REVAP i s s t r u c t u r e d t o h a n d l e p r i m a r i l y m o n t h l y c l i m a t i c 

o b s e r v a t i o n s o f dew p o i n t t e m p e r a t u r e , a i r t e m p e r a t u r e and s u n s h i n e 

d u r a t i o n . C a l c u l a t i o n s can be p e r f o r m e d f o r o n l y a s i n g l e s t a t i o n , 

o r many s t a t i o n s a t a t i m e . F o r t i m e p e r i o d s o f a f r a c t i o n o f a 

month , o n l y t h e v a l u e o f t h e number o f p e r i o d s i n each month (m) 

needs t o be c h a n g e d , and a l l o t h e r changes o u t l i n e d by M o r t o n ( 1 9 7 8 , 

1979) w i l l be made a u t o m a t i c a l l y . To a c c e p t w e e k l y d a t a , e q u a t i o n 

69 (Mor ton 1978) s h o u l d be u s e d , w i t h t h e p e r i o d number (I) e q u a l t o 

t h e number o f days f r o m t h e b e g i n n i n g o f t h e c a l e n d a r y e a r t o t h e 

m i d d l e day o f t he week i n q u e s t i o n ( u s i n g a F e b r u a r y o f 2 8 . 5 d a y s ) 

and w i t h m e q u a l t o ( 2 9 . 5 + 1 /270) o r 3 0 . 4 , w h i c h e v e r i s s m a l l e r . 

5 . 3 . 1 Data I n p u t 

Data i n p u t r e q u i r e m e n t s c o n s i s t o f t h r e e s e c t i o n s : 

(1) program c o n t r o l c a r d , (2 ) s t a t i o n i d e n t i f i c a t i o n c a r d , and 

(3) s t a t i o n c l i m a t o l o g i c a l d a t a . D e t a i l s o f t h e d a t a i n p u t f o r m a t 

a r e summar ized i n T a b l e 1. A sample d a t a deck i s f o u n d i n F i g u r e 3 . 

The program c o n t r o l c a r d c o n s i s t s o f two i n p u t v a r i a b l e s 

(PROGRM, MEANS) w h i c h d e f i n e t h e model t y p e t o be used i n t h e 

p r o g r a m , and w h e t h e r o r not a s t a t i o n summary i s d e s i r e d . The 

p r o p e r f o r m o f i n p u t i s as f o l l o w s : 
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T a b l e 1 
SUMMARY OF DATA INPUT REQUIREMENTS 

VARIABLE COLUMN 
NAME IN NOS. READ 

INPUT DESCRIPTION UNITS PROGRAM ( INCLUSIVE) FORMAT EXAMPLE 

1) PROGRAM CONTROL CARD 

1. MODEL TYPE 
2 . MONTHLY SUMMARY? 

PROGRM 
MEANS 

1 -5 
6 - 1 0 

A5 
15 

REVAP 
1 

(2) STATION IDENTIFICATION CARD 

1. STATION NAME - NAME 1 -20 5A4 WHITE RIVER 
2 . LATITUDE d e g r e e s PHID 2 1 - 2 5 F 5 . 2 4 8 . 6 0 
3 . NO. PERIODS/MONTH - M 30 n 1 
4 . STARTING MONTH NUMBER - STRTMN 3 1 - 3 2 12 01 
5 . YEAR OF 1ST RECORD y e a r s YEAR 3 6 - 3 9 14 1965 
6 . AVG. ATMOSPHERIC PRESSURE mb P 4 0 - 4 7 F 8 . 2 9 6 9 . 2 0 
7. AVG. ANNUAL PRECIPITATION rmi PPN 5 0 - 5 4 F 5 . 0 6 7 8 . 
8 . NO. OF DATA RECORDS - NN ; 5 5 - 5 7 13 12 
9 . INPUT PARAMETER IT - IT 5 8 - 5 9 12 01 

10. INPUT PARAMETER FORM - FORM 6 0 - 6 1 12 01 
11 . INPUT PARAMETER IS - IS 6 2 - 6 3 12 0 

(3 ) CLIMATOLOGICAL DATA (FORM = 1) 

1. AVG. DEW POINT TEMPERATURE °F o r °C TO 1-9 F 9 . 4 - 3 5 
2 . IS IT AN ESTIMATE? - C l 10 11 0 
3 . AVG. AIR TEMPERATURE °F o r °C T 11 -19 F 9 . 4 - 1 . 9 
4 . IS IT AN ESTIMATE? _ C2 20 n 0 
5 . SUNSHINE DURATION r a t i o o r 

l a n g l e y s / d a y 
S 2 1 - 2 9 F 9 . 4 0 . 39 

6 . IS IT AN ESTIMATE? - C3 30 11 0 

(FORM = 2) 

1. AVG. DEW POINT TEMPERATURE °F o r °C TD 1-9 F9 4 - 3 . 5 
2 . IS IT AN ESTIMATE? - C l 10 11 0 
3. AVG. MAXIMUM TEMPERATURE °F o r °C TAl 11 -19 F9 4 10 .0 
4 . IS IT AN ESTIMATE? - C2 20 I 1 0 
5 . AVG. MINIMUM TEMPERATURE °F o r "C TA2 2 1 - 2 9 F9 4 - 5 . 0 
6 . IS IT AN ESTIMATE? - C3 30 11 0 
7 . SUNSHINE DURATION 

1 
r a t i o o r 

a n g l e y s / d a y 
S ^ 1 - 3 9 F9 4 0 \^ 

8 . IS IT AN ESTIMATE? - C4 40 1 I 0 
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® PROGRAM CONTROL CARD 

I t 
_i o 
UJ o 

9 
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s ~ 

REVAP 
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48.60 
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1 1965 969.2 
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678 12 I 1 0 

II <tU I' H i l M 

2 
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UJ a. 
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h '.t i; 

Ob 0 
»lo tl 
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f. t t t i t i . ] 10.1 : •« 1". 111 II 1 to 

o ^ I 
S 0- £ 

^ 5 i 
< U l S 

Q U I 
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U I 
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.30 

11 • c 0 : 

(D STATION CLIMATOLOGICAL DATA 
qop 0 0 0 0 0 0 0 0 0 0 (1 0 0 0 0 0 0 0 0 0 Q 0 0 D 0 0 0 0 0 0 C Q 0 D 0 0 0 Q 0 0 0 0 0 0 0 0 0 0 0 
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•03.5 •01.9 .39 
02.2 08.5 .41 
22.5 32.1 .51 
37.5 48.8 .48 
43.5 54.5 .56 
47.2 54.4 .48 
48.0 54.4 .44 
41.0 44.9 .26 
34.0 38.2 .21 
20.0 23.7 .20 
15.0 15.6 .12 
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Figure 3. Sample data deck. 
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1. ( i ) (PROGRM = REVAP) f o r t h e s e l e c t i o n o f t h e a r e a l 

e v a p o t r a n s p i r a t i o n m o d e l , 

( i i ) (PROGRM = WEVAP) f o r t h e s e l e c t i o n o f t h e l a k e e v a p o r a t i o n 

m o d e l . 

2 . ( i ) (MEANS = 1) g e n e r a t e s a s t a t i o n m o n t h l y summary i f t h e 

s t a t i o n d a t a i s i n t h e fo rm o f c o m p l e t e y e a r s , 

( i i ) (MEANS = 0 o r b l a n k ) s u p p r e s s e s t h e s t a t i o n m o n t h l y summary.' 

T h i s c a r d must a p p e a r f i r s t i n the d a t a d e c k . 

The s e c o n d c a r d t y p e , t h e s t a t i o n i d e n t i f i c a t i o n c a r d , must 

p r e c e d e a l l o f t he c l i m a t o l o g i c a l d a t a f o r t h a t p a r t i c u l a r s t a t i o n . 

B e s i d e s p r o v i d i n g t h e s t a t i o n name and l o c a t i o n , t h e r e a r e i n p u t 

c o n t r o l p a r a m e t e r s i n c l u d e d t o d e s c r i b e the f o r m a t o f t h e 

c l i m a t o l o g i c a l d a t a t o be e n t e r e d . F o r each s t a t i o n c a r d t h e 

f o l l o w i n g i n f o r m a t i o n i s r e q u i r e d : 

1) S t a t i o n name (20 c h a r a c t e r s ) . 

2) L a t i t u d e o f t h e s t a t i o n i n d e g r e e s ( n e g a t i v e i n t h e s o u t h e r n 

h e m i s p h e r e ) . 

3) The number o f t i m e p e r i o d s i n each month ( r e s t r i c t e d t o 0 , 1 , 2 , 

3 , 5 and 6 where 0 = 1 = m o n t h l y d a t a ) . 

4) The month number o f t h e f i r s t d a t a r e c o r d ( i . e . September = 9 ) . 

5) The y e a r o f t he f i r s t d a t a r e c o r d . 
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6) The s t a t i o n ' s a v e r a g e a t m o s p h e r i c p r e s s u r e i n m i l l i b a r s . 

7) The s t a t i o n ' s a v e r a g e annua l p r e c i p i t a t i o n i n m i l l i m e t r e s . 

8) The number o f d a t a r e c o r d s f o r t h e s t a t i o n . 

9) I npu t c o n t r o l p a r a m e t e r s . 

A. i ) ( I T = 0 o r b l a n k ) T e m p e r a t u r e d a t a i s i n d e g r e e s C e l s i u s , 

i i ) ( IT = 1) T e m p e r a t u r e d a t a i s i n d e g r e e s F a h r e n h e i t . 

B. i ) (FORM = 1) A v e r a g e a i r t e m p e r a t u r e c o n s i s t s o f a s i n g l e 

v a l u e . 

i i ) (FORM = 2) A v e r a g e a i r t e m p e r a t u r e s a r e t o be 

c a l c u l a t e d ; a i r t e m p e r a t u r e s c o n s i s t o f a v e r a g e o f 

minimum and maximum a i r t e m p e r a t u r e s ( i . e . two v a l u e s 

a r e t o be r e a d i n ) . 

C. i ) ( I S = 0 o r b l a n k ) R a t i o s o f o b s e r v e d t o maximum p o s s i b l e 

s u n s h i n e d u r a t i o n a r e e n t e r e d , 

i i ) ( IS = 1) G l o b a l r a d i a t i o n d a t a a r e e n t e r e d . 

The l a s t c a r d t y p e i s composed o f t h e s t a t i o n 

c l i m a t o l o g i c a l d a t a . Depend ing upon t h e s e l e c t i o n o f i n p u t c o n t r o l 

p a r a m e t e r s as o u t l i n e d p r e v i o u s l y , t h e r e w i l l be one d a t a c a r d f o r 

e a c h t i m e p e r i o d p r o v i d i n g t h e f o l l o w i n g i n f o r m a t i o n : 

1) A v e r a g e dew p o i n t t e m p e r a t u r e . 

2) A v e r a g e a i r t e m p e r a t u r e . 

3) The r a t i o o f o b s e r v e d t o maximum p o s s i b l e s u n s h i n e d u r a t i o n , o r 

t h e o b s e r v e d g l o b a l r a d i a t i o n . 
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I f any d a t a have been e s t i m a t e d , a " 1 " (one) may be e n t e r e d i n a 

co lumn b e s i d e t h e v a l u e ( p l e a s e r e f e r t o T a b l e 1 f o r t h e e x a c t 

l o c a t i o n ) so t h a t an " E " w i l l appear b e s i d e t h e e s t i m a t e d v a l u e i n 

t h e o u t p u t . The d a t a deck s h o u l d n o t c o n t a i n any b l a n k c a r d s . I f 

more t h a n one s t a t i o n i s b e i n g used i n the p r o g r a m , t h e s e c o n d 

s t a t i o n i d e n t i f i c a t i o n c a r d s h o u l d come i m m e d i a t e l y a f t e r t h e l a s t 

c l i m a t o l o g i c a l d a t a c a r d f o r t h e p r e v i o u s s t a t i o n . The p r o g r a m w i l l 

c o n t i n u e t o r e a d d a t a u n t i l an EOF o r b l a n k c a r d i s e n c o u n t e r e d . 

5 . 3 . 2 Sample O u t p u t 

The c l i m a t o l o g i c a l d a t a f r o m t h e i n p u t c a r d s a p p e a r as 

o u t p u t , w i t h an " F " a p p e a r i n g on t e m p e r a t u r e h e a d i n g s i f t h e 

t e m p e r a t u r e d a t a a r e i n d e g r e e s F a h r e n h e i t and an " E " i n d i c a t i n g 

t h a t t h e d a t a were e s t i m a t e d . I f a s t a t i o n summary was r e q u e s t e d , 

i t w i l l appear on t h e page f o l l o w i n g t h e s t a t i o n d a t a . A s a m p l e o f 

t h e o u t p u t p r o d u c e d f r o m t h e sample i n p u t d e c k , w i t h an a d d i t i o n a l 

f o u r y e a r s o f d a t a as i n p u t , i s f o u n d i n F i g u r e s 4 a and 4 b . 
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no 
O 

PHTOs 48.60 P= 9h9 .2 P P N » 678. a HH YR roF T F S WTM E T P M ETM 
J U M 1Q65 — . ? - 2 . 4 .300 -24. - 5 . -5. 
FtR 196S -J.S -1.9 . 3 9 0 -13. -4. -4, 
MAO 1'965 8 . 5 .410 - 6 . 3. 3 . 
''APR 1<)65 2 ^ . 5 32.1 .510 90. 71. 47. 
MAY I<S65 37.5 48.8 .480 118. 123. 65. 
JUMF 1965 ftJ.S 54.5 .550 147. .„147._ 95. 
JULV I9(,b 4 ^ . 2 5 4 . 4 .480 130. 119. 97. 
*ur, 1965 46. U 54.4 .440 95. 95. 73. 
StPT 1965 ". l . O 4«».9 .2*-iJ ' • 6 . 44. 43. _ .. . _ - _ - -
OLT 196!> 3'«.0 38.? .210 10. 21. 21. 
NOV 1955 2 U . 0 23.7 .200 -22. -2. -2. 
ate. 1965 Ib.O 15.6 .._ .120 -28., . - 9 . . 

1966 " -ri.O -4.9 .240 -24. -3. - 3 . b FEB 1966 b . 5 7.7 .250 -17, -4. -4. 
MAO 1966 1J .2 17.2 .330 -1 . 3. 3 . 
A H P 1956 25.2 30.2 .270 53. 39. 39. MONTHLY TQTAI S AVERAGED OVEK 5 YEARS 
M A Y 1956 31.2 40.6 .430 109. 95. 62. 

ETPM ETM. _ JUNE 1966 48.2 57.4 .510 138. 138. 97. MN R T M ETPM ETM. _ 

J O L Y 1956 5*.5 61:8" .580 152. 145. 123. 
Aor. 1966 51.8 57.3 .390 90. 91. 75. 
StPT 1966 O . O 46.8 .460 56. 63. 42. JAN -24.8 -4.4 -4,4 
OCT 1966 34.0 37.9 • 200 8. 19. 19. 

-3.0 -3.0 NOV 1966 1 /.2 18.7 .090 -26. - 7 . -7. FEB ' -14 . 2 -3.0 -3.0 

DEC 1966 J.8 5 . 5 .230 -27. -5. -5. 
J A N 1967 • -3.0 b.o .340 -25. -4. -4. M A X -2.8 2.5 2 . 5 
FtB 1957 -9.0 -7.0 .470 - n . - 3 . - 3 . 
MAR 1957 8.5 12.1 .380 -1 . 2. 2. APM 69.8 56.(3 4 2 . 2 
A P P 1967 2 O . 0 31.0 .430 67. 53. 46. 
MAY 1957 30 .5 41.1 .460 U b . 103. 63. M A T 105 .2 107.8 55.8 
JUNF 1967 49.0 57.5 .430 121. 125. 86. 
JULY 1967 51.8 5 9 . 3 .400 113. 120. 85. JUNE " " i l 9 " . 6 'T2T."2 82.0 
AUG 1957 4 9 . 5 55 .1 .470 102. 95. 82. 
StPT 1967 43 .2 51.1 .460 55. 7 7 , ' 3 3 . JULY 135.4 132.4 104.4 
O C T 1967 33.8 38.8 .270 16. 29. 23. 
NOW 1957 19.0 21.6 .100 -25. -5, -5. AUG 102.6 104.4 80.0 
DEC 1967 10.8 12.8 .180 - 2 81 -7. - 7 . 

4 3 . 2 J A N 196H -2.8 .4 .260 -25. -4. -4. SEPT 54.2 bl.O 4 3 . 2 
FES 1968 -4.2 . 5 .350 - I S . - 1 . -1 . 
M A P 1968 14.8 18.7 .280 - 3 . 3. . 3 . _ OCT 10.0 2 2 . 0 20.6 
A P P 1968 2/.2 34.7 .3isn 63. 5> . 37. 
M A Y I9fte 35.0 4 6 . « .330 83. 105. 37. MOV • -23.H - 4 . 1 ) - 4 . 0 
JUNF 1958 4 0 . 2 53.8 .380 108. 107. 7 7 , 
J U L Y 1968 5 3 . 2 59.3 .490 134. 123. 111. DEC -28.0 - 6 . 4 - 6 . 4 

Aur, 1968 5 0 . 2 5 7 . 3 .520 110. 112. 83. 
SEPT 1958 49 .5 54.6 .340 58. 55. 49. — — — — - — 

OCT 1968 39.2 4 3 . 2 .220 ' 1 3 . 25. 24. iVEWAGt 
NUV 1968 20.2 2 2 . 9 .160 -24. -4. -4, YEAHLT sos.o 590.4 413.0 
DEC 1968 4 . 5 7.5 .210 -28. -5. - s . -TOTAL. .... 
JAN 1969 5 . 2 7.1 .210 -26. -6. -6. 
FEB 1969 j.e 6.B .430 -15. - 3 . - 3 . 
M A P 1969 6 . 2 10.9 .430 - 3 . 2. 2. 
Ar'R 1969 2 H . 8 33.3 .430 75. 54. 42. 
MAY 19h9 33.3 45.7 .420 105. 113. 52. 
J O K ' F 19hS» 4 i : . 8 50.5 .230 84. 84. 55. 
JUI Y 19^0 51.0 50 .6 .570 I4d. 155. 106. 
Aur. 1969 5 - « . 2 6 2 . 2 .550 115. 129. 87. 

I StPT 1969 4<..0 48.4 • JBO 56. 55. 49. _ 
OCT 1969 3t:.() 35.9 .190 7. 16. 16. 
NOV lV f39 2-5.5 ?5.7 .170 - 2 2 . -2. -2. 
Utr I9ft9 o. h 1 1 . 4 . 11 u -29. - 6 . -6. 

Figure 4. Sample output. 



R e f e r e n c e s 

C o n t r o l D a t a C o r p o r a t i o n . FORTRAN v e r s i o n 4 r e f e r e n c e m a n u a l , 

1977: P u b l . No. 60497800 . 

K o h l e r , M.A. and P a r m e l e , L . H . 1967. G e n e r a l i z e d e s t i m a t e s o f 

f r e e - w a t e r e v a p o r a t i o n . Water R e s o u r . R e s . 3 : 9 9 6 - 1 0 0 5 . 

M o r t o n , F . I . 1978 . E s t i m a t i n g e v a p o t r a n s p i r a t i o n f r o m 

p o t e n t i a l e v a p o r a t i o n : P r a c t i c a l i t y o f an i c o n o c l a s t i c 

a p p r o a c h . J . H y d r o l . 3 8 : 1 - 3 2 . 

M o r t o n , F . I . 1979. C l i m a t o l o g i c a l e s t i m a t e s o f l a k e e v a p o r a t i o n . 

Water R e s o u r . R e s . 1 5 ( 1 ) : 6 4 - 7 6 . 

M o r t o n , F . I , 1971 . Ca tchment e v a p o r a t i o n and p o t e n t i a l 

e v a p o r a t i o n - f u r t h e r d e v e l o p m e n t o f a c l i m a t o l o g i c 

r e l a t i o n s h i p . J . H y d r o l . 12 : 8 1 - 9 9 . 
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PRnohAH REVAP ( I N P U T . n U T P u r , l A P e i = l N P U T ) 

10 

IS 

C THIS P R O O W & M I S A C O M B I N A T I O N O F BOTH THE AREAL EVAPOTRANSPIRATION 
C A N O U A K E . E V A P O R A T I O N M O O E L S O E V E L O P E D qY O R . F . I . M Q R T O N f N . H . R . I , t 
C E N V I R O N M E N T . C A N A D A . 
C RY S E I F C T I N G T H E P R O P E R INPUT PARAMETER.PROGRAM REVAP PROVIDES AN 
C E S T I M A T E O F E I T H E R A P E A L E V A P Q T R A N S P I R A T I O N OR LAKE EVAPORATION 
C BASED ON ROUTINE CLIMATOLOGICAL OBSERVATIONS. 
C DATA INPUT REOUIRFHENTS INCLUDES 

. _ C . _ F O R _ E 4 C H _ ^ A ^ l L l O N r L A T I I U D E » A V E H A PRESSUREtA.VEPAQE_ ANNUAL ^ 
C P R E C I P I T A T I O N - - V -
C FOR EACH TIME P E R I O D - AIR TEMPERATUREtOEW P O I N T T E H P E R A T U R E I 
C RATIO OF OqSERVgn TO MAXIMUM POSSIBLE SUNSHINE O U R A T I O N 

L I S T _ g F TERMS » * » « » « » » • » « « • « • « » » « > « • » • « • » > » > 

IV) 

20 

i 25 

P H I D 
P H I 

LAT ITUDE - NEGATIVE IN SOUThfRN HEMISPHERE 
L A T I T U P E - NEGATIVF IN SOUTHERN HEMISPHERE 

C P a AVERAGE ATMOSPHERIC PRESSURE 
C PPN » AVERAGE ANNUAL PRECIP ITATION 
C TDF e DEW POINT TEMPERATURE 

DEGREES 
RADIANS 

C T F = A I R T E M P E R A T U R E 
C S = R A T I O O F O B S E R V E D T O M A X I M U M P O S S I B L E S U N S H I N E 
C M O N N U M g M O N T H N O S T A R T I N G W I T H 1 F O R J A N U A R Y 

MB 
MM 
DEflH£e_L_ 
DEGREE P 

DURATION 

3 0 

C N « NUMBER OF DAYS IN MONTH 
C Tn = OEW POINT TEMPERATURE 

_ C _ T ''_A_1R TEMPERATURE 
C A L P H A ( J ) = CONSTANT IN COMPUTATION OF VAPOUR PRESSURE 
C n F T A ( J ) = CONSTANT IN COMPUTATION OF VAPOUR PRESSURE 
C G A M M A ( J ) » S E N S I B L E MFaT TRANSFER COEFFIC IENT 

D A Y S 
D E G R E E C 
oesREt C 

D E G R E E C 
M B / D E G R F E C 

3 S 

C F T Z ( J ) = VAPOUP TRANSFER COEFF IC IENT • S T A B I L I T Y FACTOR W/<M«M»M8! 
C: L<J) = LATENT H E A T W-DAYS/MM 

_._C AIL " 1 WHEN T I S GREATER THAN OR EQUAJ. TO ZERQ. 
C ( J ) = 2 W H E N T is L E S S THAN ZERO 
C V a SATURATION VAPOUR PRESSURE AT T MB 
C VP = SATURATION VAPOUR PRESSURE AT TO (>tB 

4 0 

4S 

C DELTA 
C OELP 

._tHE.TA. 
C OMEGA 
C ZENA 

- C — C r E N A • 
C C05Z = COSINE ' )F T H E AVERAGE ANGULAR ZENITH DISTANCE OF 
C N E T A = RADIIIS VECTOR O F SUN 
C G F . . = E A T K A - A I M O ^ P H E R I C GLOBAL RADIATION 
C AZZ = SNoa F H E E > C L E A R SKY ALBEDO * H E N SUN I S AT ZENITH 
C A 7 « CLEAR SKY ALHEOO "HEN SUN IS AT ZENITH 

_£ W! a rt F A R SKY Al H F O O ^ 

SLOPE OF SATURATION VAPOUR P R E S S U R E C U R V E At T 
SLOPE OF SATURATION VAPOUR PRESSURE CURVE AT TP 

- D E C L I N A T I O N OF. S U N . . . 
HALF THE ANGLE BETWEEN SUNRISE AND SUNSET 
SOLAR ZENITH ANGLE 
C 0 5 l M E _ n F . THE S O L A S , Z E N I T M ,»6 I6L£— 

M B / O E G R E E C 

M B / D E G R E E C 

JRAOIANS 
R A D I A N S 
R A D I A N S 

TME SUN 

W/ (M»M) 

S5 

C A a AVERAGE ALBEDO 
C nUST = TURHIOITY C O E F F I C I E N T 

. C . _ » t .= P H E C I P I T A B L E . WATER VAPOUR 
C TAUT = TRANSMITTAMCY FOR DIRECT BEAM SOLAR RADIATION 
C TAUA = PARTIAL I R A N S M I T T A N C Y DUE lO ABSORPTION ALONE 
C fiii = CLEAR SKY r.l OBAI RADIATION 

I N C l D E N l G L O B A L RADIATION 

MM 

W/(M»MI 
W / t M » M ) 

http://14.0S.S9


F T N 4 . 6 » 4 4 6 1 4 / 0 8 / 6 1 4 . 0 8 . 5 9 PAGC 

60 

70 

c A 3 NET LONO WAVE RADIATION A T I W/ (M*M» 

c / F T 4 3 S T A H I I try F A C T O R 

c FT VAPOUR TRANSFER C O E F F I C I E N T W/(M»M«MB) 

c 1 4M0A = MEAT TRANSFER C O E F F I C I E N T MB/ (DEGREE C) ; 

c T P S POTENTIAL rVAPORATJON EQUILIBRIUM TEMPERATURE . P f G R E t t J 

c TOEL r TEMPERATURE INCREMENT FOR CALCULATING TP DEGREE C 

c OP a PENMAN WEIGHTING FACTOR 

c 9T « NET RAOTATinN AT T W/(H*M) • • • 1 
C R T P « N E T R A D I A T I O N A T T P W / ( M » M » 
r E T P = P O W E R E Q U I V A L E N T O F P O T E N T I A L E V A P O T R A N S P I R A T I O N W / ( M » M ) 

j : _ E T _ _ r _ P 5 * 4 R _ E 0 y i V A L F N T _ Q F E V A _ P Q T R A N S P L R A T J O N ^ * / ( M » M L 
C E T W a P O W E R E Q U I V A L E N T O F W E T E N V I R O N M E N T E V A P O T R A N S P . W / « M » M ) 
C R T M a E V A P O R A T I O N E Q U I V A L E N T O F R T W / < M « M ) 
C F T P M a P O T E N T I A L E V A P O T R A N S P I R A T I O N r o R _ T I H E P E R I O D MM 

'75 

C F T M = F V A P O T R A N S P I R A T I O N F O R I I M E PERIOD MM 
C RWM a E V A P O R A T I O N E O U l V A L E N f OF WATER SURFACE NET RADIATION AT T 
C E P M - P O T E N T I A L E V A P O R A T I O N _ _ _ »<« _ _ 
C EWM " a' LAKE EVAPORATION 6 MM -

MM 

S P E C I F I C A T I O N STATEMENTS •••••••••••••••••••••• 
80 

I N T E G E R S T R T M N . Y E A R . F O R M , C I t C ? t C 3 t C 4 t P L E N 6 T H 
R E A L L A M D A . N E T A . L N X . L N Y 
R E A L A L P H A ( Z l . B E T A ( 2 ) , G A M M A ( g ) . F T Z < 2 » . L 1 2 > 

85 
D I M E N S I O N T E T M ( 1 2 1 . T E T P M ( 1 2 1 t T R T M l l 2 1 
D I M E N S I O N M0N(12) .N(121 .NAMECSl t H E A O N G O l . . 
0 A T A _ N / 3 1 , 2 8 . 3 1 . 3 0 . 3 1 . 3 0 . 3 1 . 3 1 . 3 0 « 3 1 . 3 0 . 3 1 / 
D A T A M 0 N / 3 H J A N . 3 H F E B . 3 H M A R . 3 H A P R . 3 H M A Y . 4 H J U N E . 4 H J U L Y . 3 H A U 6 . 4 H S E P T . 

• 3 H 0 C T . 3 H N 0 V . 3 H D E C / 

90 

C«o»«V»»»»»»^»_»-. I N P U T D A T A • • • • • • • • • • • • • • • • • • • • • « 

C C O N T R O L C A R D D E F I N I N G P R O G R A M R E V A P O R W E V A P IS R E A D 

_25_ 

C» 
R E A D 1. P R O G R M . M E A N S 
T R A C E 

100 
C IF MEANSaO . NO MONTHLY SUMMARY IS T O B E O U T P U T A T E N O 
C IF MEANSal , TAHLE OF MONTHLY MEANS IS TO B E O U T P U T 

lOS 

IF (MEANS . N E . 01 MEANSal 
TF ( P R O G R M . N E . S H R E V A P l G O T O 8 

C AS D I F F E R E N C E S K E T W E F N THE A R E A L E V A P O T R A N S P I R A T I O N M O D E L A N D T H E 
C LAKE F V A P O R A T I O N MODEL F X I S T I N O N L Y A FEW C A L C U L A T I O N S I T H E Y " I L L B E 
C A C C O U N T E D F O R HY I N I T I A L I Z I N G T H E R E L E V A N T C O N S T A N T S A T T H I S S T A G E I N T H E 
C P R O G R A M . T H E R E M A I N D E R OF THE P R O G R A M P E R F O R M S C A L C U L A T I O N S U S I N G T H E 
C VARIABLE N A M E S A S S O C I A T E D W I T H T H E A R E A L E V A P O T R A N S P I R A T I O N MODEL. 
C 
C 
C CONSTANTS FOR THf AREAL E V A P O T R A N S P I R A T I O N M O D E L A R E I N I T I A L I Z E D 

110 

S B a 5 . 2 2 / 1 0 . " " a 



PROGRAM nevSP 7 4 / 7 * 0 R T « 1 FTN 4 , 6 » 4 4 6 14/08/8 14.08.59 PAGE 

115 

1?0 

SBO = 20.fl«/10.»»« 
rz = ?«. 
ovu i . 
DV2aO. 
C0NSTU14. 
CO N S T 2 » 1 . 2 0 
H E A D N G ( l l a 3 H « T M 
H E » O N G ( g l » 4 H E T P M 

125 

HEA0NG(31a3HETM 
GOTO 10 

A IK (PROGRM . N E . 5HwevAPl G0T0_9 

C CONSTANTS r o R TME LAKE EVAPORATION MODEL ARE INITIALIZED 

130 
Sfc = 5 . S/10.»»» 
SBD = 2 2 . 0 / 1 0 . « « H 
FZ • 25. 

• DVl.O. 
0 V 2 « 1 . 
C 0 N S T 1 » 1 3 . 

.35 C0NST2B1.12 
HEA0NG(l)a3HRWM 
HEADN6(2)<i4H EPM 

• 

140 

HEADNG(3)>3HEWM 
GOTO 10 

C A M ERROR MESSAGE IS PRINTED IF THERE IS A MISTAKE IN THE PROGRAM NAME 

9 PRINT 11 

145 
STOP 

150 

VARIABLES FOR MONTHLY MEANS ARE INITIALIZE" 

10 DQ 25 
?5 TETM(Il»TETPH(Il»TrtTM(Ila0.0 

C STATION NAME AND INPUT PARAMETERS ARE READ 

30 READ 24,NAME.PMIO.M.STRTMN.YEAR.P.PPM.NN.IT.FORM.tS 

C A CHECK F O R END O F DATA IS MADE 

i F lFQFdH 5S5til.S55. 

IftO 
31 IF (YEAR . E O . 01 GOTo 555 

_.£_..FCHO. STATION. iNPUT_ tjATA.AND SET .UP.Qytpui LABELS 

PRINT 13. N A M E . P H T O . P 
IF (PPN . N E . 0.1 PRINT 27. PPN 

165 

170 

I F ( F O R M .EQ. l . A N O . I T . E Q . O l PRINT 14. (HEA0N6(1I.l"l.31 
IF(F0RM.EQ.l.ANO . IT.EO.il PRINT 144.(HEADNG(I1t1*1.3} 
I F J F O R M ,tQ. ? .ANQj jJ,ECJ.01 PRINT L l 4 . JHeAON<;(I). !•!t3) 
I F ( F 6 K M . E 0 . 2 . A N O . T T . E Q . i l PRINT 1144.(HfADNG(11«I"l.31 
I F (M .FQ. 01 M = l 
NNaNN/M 

http://ANO.IT.EO.il
http://ANO.TT.EQ.il
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\ 
175 

C O M S T A N T S 

C IMITIALlZAriON OF rFMPERATUKE DEPENDENT CONSTANTS 
.f.Ofl_ TEMPERATURE > OR = 0. OEG. CELSIUS 

ALPHA(llaI7.?7 
RETAdl »237.3 

180 G A M M A(11BO.66«P/1013. 

F T Z d l • FZ • SOHT(1013./P1 
L ( l l - 2 8 . 5 

185 

190 

C FOR TEMPERATURE < 0 PEG. CELSIUS 

A L P H A (2 )B21 . e 8 

BETAIZl »265.5 
GAMMA ( 2 1 «O.<S6»P/(i0i3.»l. 151 
FT7(21 m 1.15»FZ • SORT«1013./PI 
L(2I»2B.5«1.15 

^ r 

i 9 5 

200 

205 

2 1 0 

PI"3.141592654 

C CONVERT L A T I T U D E FROM DEGREES TO RADIANS 

PHTaPHIO*P I/ieO. 

C BEGINNING OF STATION DATA LOOP 

35 6b"6"0 I»1.NN 

C ESTABLISH THE MONTH N0.(1 TO 121 

M O N N U M • M 0 0 ( ( M O n ( I , l 2 1 » S T R T M N - l l i I 2 l 
I F ( M O N N U M , E Q . 01 MONNUM»12 

C O F G I N N I N G OF I O O P F O R R E A D I N G D A T A ANO PERFORMING CALCULATIONS. 
C I N P U T P A R A M E T E R M S P E C I F I E S THE NO. Of TIMES THIS LOOP IS R E P E A T E D . 

DO 59 n « l . M 

C MONTH ANO Y E A R O F DATA R E C O R D IS P R I N T F D 

215 IF (II .EQ . 11 PR INT 23. MON (MONNUM 1 , YE AR 

IF (11 ,6T. 11 P M I N T 26. II 

0l a O 2 = 0 3=n4s lM 
IF (FORM ,fQ. ?i nolo 4 0 

220 C FORMsllREAO AND PRINT OEK POINT.S.AND AVERAGE TEMPERATURE 

READ 12. TD.CI.T.C2.S.C3 
IF (C I .NE. 0» OlalHE 
TF (Cd .NE. 0) 02-lHE 
IF" (C3 .NE. 01 0331HF 
PHINl IS. TD.01.T.02.S.03 
IF ( U .EQ. 0) GOTO 50 

??5 

L 



r o 
00 
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•. ^ ?30..__ 
C CONVERT T E M P R H A T U P E T O DEGREES CELSIUS IF I T » 1 

i TD = ( r O - 3 2 . ) » 5 . / 9 . 
T » l T - 3 2 . ) » 5 . / 9 , 

.. .00 T.O s n 

C F0RM32IREAD AND PRINT OEK POINTfS.MAX. AND MtN. TEMPERATURES 

I 
240' 

40 REAO 1 1 2 . T D . C I . T A l t C 2 . T A 2 . C 3 . S . C » 
IF (Cl.^NEL. .0_)...OL=.1.HE 
IF (C2 . N E . 0) 02-1HE 
IF (C3 . N E . 0> 03- lME 
IF (C4 . N F . 0) 04 - lHF 

- - -

P R I M 115. TD.nl .TAl . 0 2 , T A 2 , 0 3 t S . 0 4 
IF ( I T . E U . 0) GOTO 45 

I 
c TEMPERATURE CONVERTED To DEGREES CELSIUS IF I T » 1 

TD " (TD - 3 2 . 1 « 5 . / 9 . 

1 

, 250 
TAl = ( T A l - 3 2 . ) « S . / 9 . 
TA2 = ( T A 2 - 3 2 . ) * 5 . / 9 . 

i c CALCULATE AVERAGE TEMPERATURE FOR THE PERIOD 

45 T • (TA l^TA2) /2 . ! 
! 255 

c SELECT PROPER J FOR CONSTANTS ( J«2 FOR TEMP.- < 0 DEGREES CELSIUS) 
i 

c« 

50 j « l 
IF ( T . L l . 0.1 Jo2 

i • 
265 

c SATURATION VAPOUR PRESSURES AT AIR AND DEW POINT TEMPERATURES 

V B 6 , l l»EXP(ALPHAtJ) • T / ( T » B E T A ( J U J 

1 
1 

i 
V 0 » 6 . 1 1 « E X P ( 1 7 . 2 7 » T 0 / ( T D * 2 3 7 . 3 ) » 1 

i 
C 9ATF OF CHANGE OF VAPQUfi PBESSUHE W.B.T . TFMPERATUBE IDFlTJ* 

I 

270 
DELTA • ALPHA(J l«PETAtJ )«V / (T»BETA«J) ( • •2 

1 

i 

i. 
. . .275 .. . 

C 
C 

ALLOW FOR PERIOD LENGTHS OF FRACTIONS OF A MONTH •MEN CALCULATING 
THE DECLINATION OF THE S U N ( T H E T A ) . A N D RADIUS VECTOR OF THE SUNCNETA) 

FMM3FL0AT((M0NNUM-n»M*II) ' ~ 
PERIOD • (EMM • 0.5<»FLOAT(M-l) I/FLOATIMI 
TT n 2 3 . 2 

1 

i 
1 

i 
2«0 

IF (M . G T . 1) T T = 2 3 . 4 
T M E T A = T T » P I / 1 8 0 . » S l N t ( 2 9 . 5 » P E R I O D - 9 4 . | » P l / l R 0 . ) 
N E T » « 1 . » S I N ( ( 2 9 . 5 » P E R I O D - 1 0 6 . ) » P I / 1 8 ( ) . J / 6 0 . 

C SOLAR ZFNITH ANGLE (7FNA) 

285 CZFNA • COS(PHI - THETA) 
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IF (CZKNA . L T . n . n n n rZENA a 0.001 
ZENA a A R C C 0 S ( C Z F . M A 1 

r MO. OF DEGREES THF EARTH ROTATES HETIntEN SUNRISE AND NOON (OMEGA) 
290 

ACOM = I. - CZFMA/C()S(PHI)/COS(THtTAl 
IF (ACOM.LT . - l . )ACOMa- l . 

295 
C 

C 

C A L C U L A T E T H E A R C C O S I N E O F A C O M 

OMEGA=ARCCOS(ACOM1 

C O S I N E OF THE A V E R A G E ANGULAR Z E N I T H D I S T A N C E OF THE SUN (COSZI 

-- -

JOO C O S Z a C Z E N A » (SIN(OMEGA1/OME6A-1.I • COSCPMll • COS(Tf(ETAI 

C THE E X T R A - A T M O S P H E R I C G L O B A L RADIATJONJGEl 

1 305 

6E a l 3 S 4 . » C 0 S Z < » 0 M E G A / ( P I » N E T A » N E T A ) 

C C L E A R SKY.SNOW FREE A L B E D O WHEN SUN I S AT THE Z E N I T H (AZZl 

AZZa{0.26-0.00012»SORT(P/1013.1'PPN*(I.•ABS(PHl01/42,» 

310 
C 

• (PHib/42,i«»2ii»bvi*b,65*ov2 

C O N S T R A I N T FOR AZZ WHICH MAY APPLY DURING WET SEASON IN DRY ARC* 

I F ( A Z Z . G T . ( ( 0 . 9 1 - V D / V 1 / 2 . ) 1 AZZ"(0.91-V0/Vl/2. 

t' TWO F U R T H E R C O N S T R A I N T S FOR AZZ 

IF(AZZ.GT.0.17) AZZaO.17 

1 I F ( A Z Z . L T . ( 0 . 1 1 » O V 1 * 0 . 0 5 » D V 2 I 1 AZZaQ.H^OVl•0.05«OV2 

! 320 c J*XK>ynNti EACIQR FOR T H E E F F E C T O F SNOW O N A L B E D O (AHATl „_ 

V P n L = V - V D 
IFIVPDL.LT.O.Ol VPDLaO.O 

i 
3 2 5 

T F ( V P D L . G T . 1 . 0 1 VPDLal.O 
A H A T = I . - V P D L » V P D L 

1 
" c " C L E A R SKY A L B E D O »ITH SUN A T Z E N I T H lAZl 

A Z a A Z Z * A R A T « ( 0 . 3 4 - A Z Z l 

! 330 
c C L E A R SKY A L B E D O (AOl 

' 335 

AO a AZ«(F*XP(1 .081-FXP((ZENA1»2.16/PI1»(COSIZENA1»2.16/ 
• P I . S I N ( Z E N A ) 1 > / ( 1 . 4 7 3 » ( l . - S I N ( Z E N A l 1 1 

1 

c P R E C I P I T A B L E W A T E R V A P O U R (Wl 

WaVD/(.49*T/l29.) 

i 3 4 0 
W F I G H T J N G F A C T O R FOR T H E EFFECTS C F T E M P E R A T U R E QN TURBIDITY..(JST) 
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3 4 3 

3 5 0 

355 

' i 6 0 

T S T » 2 1 . - T 
I F ( T S T . L T . 0 . 0 ) T S T » 0 . 0 
IF (TST . G T . 5 . 0 ) TST » 5 . 0 

C _ TIJRfl lDlTY C O E F F I C I E N T (OUSI) 

OUST » ( 0 . 5 • 2 . 5 « C O S Z « C O S Z ) « E X P ( T S T » { P / 1 0 1 3 . - I . ) ) 

C T R A N S M I T T A N C Y O F C L E A R S K I E S T O D I R E C T B E A M S O L A R R A D I A T I O N ( T A U T ) 

D U S T T » 0 . 0 a 3 « ( D U S T / C O S Z ) * » 0 . 9 

W V T » 0 . 0 2 9 » ( W / C O S Z ) » o 0 . 6 
L N X » ( - 0 . 0 a 9 » ( P / ( C O S Z » 1 0 1 3 . ) ) » « 0 . 7 5 • D U S T T - W V T ) 
I F ( L N X . L T . - 6 7 5 . ) L N X — 6 7 5 . . 
TAIJT=EXP(LNX) 

C „ P A H T I A L I W N S M J T T A ^ D U E J O A B S O R P T I O N . ALONE_lTAtJA) 

WVA = S O R T ( » ( V T / 1 0 . ) 

IF (WVA . G T . W V T ) WVA - WVT 

OO 
o 

3 6 5 

LNY B -DOSTT/2. - WVA 
If (LNY ,LT. -675.) LNY a -675. 
TAUA«EXP<LNY) 

C C L E A R S K Y G L O B A L R A D I A T I O N (60) 

3 7 0 
G 0 » 6 E » ( T A U T * T A U T « ( 1 . - T A U T / T A U A ) • ( 1 . • A O ' T A U T ) ) 

C I N C I D E N T G L O B A L R A D I A T I O N ( G ) . 

G » GO«S • ( O . 0 a * O . 3 » S ) « ( l . - S ) » O E 
IF ( IS . E Q . 0 ) OPTO SS 

3 7 5 

380 

385 

3 9 0 

C IF I S « H ESTIMATE THE SUNSHINE DURATION RATIO (S) FROM 
C THE GIVEN VALUE OF INCIDENT G U » A U R A O I A J I f l N _ 

G • S / 2 . 0 6 4 

I F ( S .GT, 1 . ) S » l . 
I F ( S .LT. 0.) S » 0 . 

5«? A K T • ?73. 

C WEIGHTING F A r T O R FOR TMF EFFECT OF CLOUDS ON ATMOSPMERl£-aaDtATIQN(ATH1_ -

ATM a 1 0 . » ( V n / V - S - 0.42) 
I J i _ ( A l M . . . . L T , . P , ) ATM - . 0 , 
IF (ATM . G T . 1.) ATM • 1. 

C PROPORTIONAL INCREASE IN ATMOSPHERIC HAPIATION Q U E TO CLOUDS (RHQ) 

-3?5_ 

l._ 

RHn = 0 . 1 8 » 1 0 1 3 . / P » ( A T M » S f 3 R T ( l . - S ) * ( 1 . - A T M ) » ( l . - S ) » » 2 ) 

C ^ N E T ~ L ^ N G - I « ~ A " V E ~ » A 0 1 A T I 0 N L O S S A T T ( B ) 

R « S B » A K » » 4 » ( l . - ( 0 . 7 1 • 0 . 0 0 7 > V D « P / 1 0 1 3 . ) » ( 1 . » R H O ) ) 
I F ( B . L T . 0 . 0 5 » S B » A K « « 4 ) B « 0 . 0 5 » S B » A K » « 4 

http://14.08.S9
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400 
C ESTIMATE THE AVEHAGE ALBEDO (A) 

4 0 5 

A = A 0 » ( S * ( 1 . - / E N A » 1 8 0 . / P I / 3 3 0 . ) • ( ! . - S ) ) 

C C A L C U l A T E THE NET RADIATION A T " T (RTJ 

R T » ( 1 . - A ) » G - B 

410 
C STABI l TTY FACTOR (ZETAJ 

EE»Ffz7J)» (V-V01 
RTC"HT 
T F ( R T C . I T . 0 . 1 R T C - n . 

415 
Z E T A = l . / ( 0 . 2 8 » ( l . * V O / V l • F Z / 2 R . » 0 E L T A » R T C / 6 A M M A ( j f / F E l 
IF ( Z E T A . L T . l . I Z E T A • 1. 

C VAPOUR TRANSFER C O E F F I C I E N T ( F T l 

FT = F T Z ( J 1 / Z E T A 
4?0 

C HEAT TRANSFER C O E F F I C I E N T (LAMDAl 

425 

LAMbA"6AMMA(j'l » S B D » ( T * 2 " 7 3 . 1 » « 3 / F T " " 

C I T E R A T I V E P R O C E D U R E F O R C O M P U T I N G P O T E N T I A L E V A P O T R A N S P I R A T I O N 

430 

C BY COMBINING THE FNERGY BUDGET AND V A P Q U R TRANSFER EOUATIONS. 
C THE ITERATION CONTINUES U N T I L THE INCREMENT (TOELl OF THE POTENTIAL 

EVAPOTRANSPIRATION EOUILIBR.I_yM T E M P E R . A T U R E J T P l Is; <. 0.0_I_0E6_RCES C. 

V P > V 
T P = T 
D E L P = D E L T A 

VD • L A M O A » ( T - T P l - V p l / ( n E L P * L A M O A l 

4 3 5 

<J00 T O E L = (HT /FT . 
T P a TP_* TDEL 

V P = 6.11 • E X P ( A L P H A ( J 1 » T P / { T P » B E T A ( J 1 I 1 
DELP • ALPHA(Jl • 8 E T A ( J ) • VP/(TP * 8 E T A(Jll'"Z 

I F (AflS(TOEL» - 0.011 201.200.200 

440 

4 4 5 

C_. PENMAN WEIGHTING FACTOR (DPI 

201 0 P » 0 E L P / ( 0 E L P * G A M M A ( J 1 1 

C POWER EQUIVALENT OF POTENTIAL EVAPOTRANSPIRATION" ( T T P T 

F T P = R T - F T » L A M O A » ( T P - T ) 

C NET RADIATION AT TP (RTPl 

R T P = E T P . F T » G A M M A ( J ) » ( T P - T ) 

C POWER FQUIVALENT OF WET ENVIRONMENT EVAPOTRANSPIRATION (ETWl 

450 

455 
ETw=C0NSTl»C0NSr2»nP«RTP 

IF(ETw.LT.ETP /2.l ETW-ETP/2. 
IF(ETW.GT.ETP) ETWnETP 
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OJ 
r o 

4 6 0 

r POWFH FUUIVALFNT OF FVAPOTHANSPIgATJON ( £ T l 

FTeJ. 'ETW-nVloFTP-nVZtFTW 

"C CHANGE THE NO. OF DAYS IN FEB«UAHY TO 29 IF IT IS A LEAP YEAR 

t F ( M 0 D ( Y E A R . 4 ) . E Q . O . A N D . M n O ( Y E f l H . 4 0 0 ) . N E . O l HlZlMi3 

465 

470 

C MULTIPLY B Y THE PERIOD LENGTH AND DIVIDE B Y THE LATENT HEAT O F 
C V A P n U R t Z A T I O N ( O K S y B L l M A T l O N ) T i )_Df lTAlN.THE EVAPORATION E . Q U 1 V A L £ N I _ , 
C O F T H E EVAPOTRANSPIRATION.POTENTIAL EVAPOTRANSPIRATION ANO NET RADIATION 
c F O R T H F P E R I O D . 

475 

P L F N G T H = N ( M O N N I ) M ) 
I F ( M . G T . l ) P L E N G T H « 3 0 / M 
l F ( M . G U . . _ A N Q j J I .EO..i<)- PLENGTM«i41M0Nfjy)<) - P L E N G T H * ( M - 1 J . . . 
E T M « F L 0 A T ( P L E N G T H ) • E T / L ( J ) 
E T P M s F L O A T ( P L E N G T H ) " E T P / L < J ) 
R T M r F L O A T ( P I F N G T H ) » R T / I ( J l 

N ( 2 ) > 2 8 

4 8 0 C ROUND OFF THE VALUES" USING THE HOUND FUNCTtOM 

FTMaROUND(ETM) 
ETPM=ROUNO(ETPM) 
RTMaROUNO(RTM) 

L *.85_.... 
C" OUTPUT THE EVAPOTRANSPIRATION.POTENTIAL EVAPOTRANSPIRATION AND NET 
C RADIATION FOR THE P E R I O D . 

4 9 0 
PRINT 2 9 . RTM.ETPM,ETM 

C TOTALS FOR MONTHLY M E A J i S - 4 R E . . K E g l - F Q R S l A t l O J L S U M M A R t A I f MEANSeJJ.. 

495 

8 1 T E T M ( M O N N U M ) • T E T M ( M O N N U M ) • E T M 
T E T P M ( M n M N U M ) » T F T P M ( M Q N N U W ) * E T P H 
T R T M ( M O N N U M ) • T R T M ( M O N N U M ) • R T M 

_ 5 9 _ C 0 N i I N U £ _ 

C C H A N G E T H E Y E A R D A T E IF T H E M O N T H N U M B E R IS 1 2 ( D E C . ) 
500 

IF (MONNUM . L T . 12) GOTO 60 
YEAR a YEAR • 1 

6 0 C O - N T J N U E . _ 

505 SFT UP OUTPUT FOR STATION SUM 

510 

IF ( M E A N S . E O . 01 G O T O 10 
M E A N = M0n(NN/M.12) 

. I F _ . J M t A N . i N E , _ 0 . ) _ . G O T O 1.0 . . 
M E A N " N N / M / 1 2 
E T M S Y R = E T P M 5 Y R = R T M 5 Y H = 0 . n 

no 7 0 1=1.12 

http://IF_.JMtAN.iNE
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5.15 T E T M ( l ) a T E T M ( I ) / H F A N 
TETPM(I) 
T R r M ( I ) 

T E T P M ( I ) / M E A N 
T R 1 M ( I ) / M E A N 

520 

E T M S T R « E T M S Y H • T E T M ( I ) 
E T P M S Y R " ETPM5YR • T E T P M ( I ) 
PTM5YR X RTM5YR * T R T M ( I ) 

525 

7 0 C O N T I N U E 

C.__oyTPyT. SJATIJIN. SUMMARY 

PRINT 2 8 
PRINT 1ft. MEAN 

530 

PRINT 1 7 . ( H E A D N G ( I ) . I " 1 . 3 > , 
PRINT 1 8 . ( M 0 N ( I ) . T R T M ( I ) . T E T P M ( U . T E T M ( I » . I » 1 » 1 2 1 

PRINT 19 

535 

CO 
CO 

540 

5 4 5 

s«;o 

555 

5 6 0 

5 6 5 

5 7 0 

PRINT 20 
P R I N T 21. R T M S Y H . E T P M S Y R . E T M S Y R 
P H T N T 22 

RETURN TO BEGINNING TO READ ANOTHER STATIONS DATA 

SOTO 10 

555 STOP 

FORMAT STATEMENTS 

11 FORMAT ("1"1"'PR0GRAM N A M E I N C O R R E C I L V S P E C I F I E D " ) 

12 F O R M A ! (3(F9 .4.H) > 
U ? F 0 R M A T ( 4 ( F 9 . 4 » I 1 ) ) . 
13 F 0 H M A T ( " 1 " . 1 X . 5 A 4 , " P H I 0 » " . F 6 . 2 . 6 X . " P » " . F 7 . I ) 

. l*ip?MAT(2i."MN- _YR.l,7Xj."TD ".7X,"T ...8X.-S-.TS3.A3, 

n44*F0RMAT!2x"iN YR",5X,"T0F".5X."TAIF".4X,"TA2F".6X."S".TS3.A3. 

• 6X.A4,5X,A3) 

144 FORMAT(2X."MN 
*6X.A4.5XtA3) 

114 F 0 R M A T i 2 X . " M N 
* ~6X.A4.SX.A3) 

15 F 0 R M A T a H » . 1 2 X , 2 ( r 7 . 1 . A 1 . 2 X ) . F 7 . 3 . A J ) 
115 F O R M A T ( 1 H * . 1 2 X . 3 I F ' ; . 1 . A 1 . ? X ) , F 7 . 3 . M > 

YB".7X."TOF".7X."TF"« ex."S".TS3»*3. 

YP"..SX."TDVWM."TAl".5Xi"TA2"..TX..?'_S».T53»A3«_ 

i; ;srA;^'"'•:!O;:";O;;;H:Y ; O T ; ^ ^ ^ ovz^^^^rf^i^^ 
17 F O R M A T I " " . l u x . " M N " . 1 2 X . A 3 . 9 X . A 4 . 1 0 X . A 3 / / ) 
18 F O R M A T C " " , 1 0 X . A 4 . 6 X . F 8 . 1 . 5 X . F 8 . 1 . 5 X . F 8 , 1 / ) 
19 F O R M A T C • • . 1 0 X . 7 * . 3 ( 4 X , 9 ( " - " ) ) ) 
20 F O R M A T ( " " . l O X . " A V E R A G E " ) 
21 F O R " A T ( " " , I P X . " Y E A R L Y " . 3 X . 3 I F 9 . 1 . 4 X ) ) . 
22 F O R M A T ( " " . l O X . " T O T A L " ) 
21 F 0 R M A T ( 1 X . A 5 . 1 X . I 4 ) 
24 F O B " A T ( S A 4 , F 5 . ? . 4 X , I 1 , I 2 , 3 X , I 4 , F 8 . 2 , 2 X . F S . 0 . 1 X , 4 I 2 ) 

26 FORMAT(2X. I11 
27 F O R M A T ( 1 H » . T 5 6 » " P P N » " . F 5 . 0 ) 
2fl_ F O R M A L ' \><y.ffj(/fjjy\ _ 

" 29 F 0 R M A T ( l M « . f 5 0 . 3 ( F 7 . 0 . 2 X ) ) 
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10 

H£«L FUNCTION ^QUNDIX) 
X 1 = F L 0 A T ( I F 1 X ( X ) ). 
R E M a A B S ( X - x n » 1 0 . 
I F ( X . E Q . O . O ) GO TO 10 
La lF IX< i»EM_) /5_ 
S I G N s X / A 8 S ( X ) 
R O U N D = X I * S I G N » F L O A T ( I ) 
RETURN 

in ROUNOaO.O 
RETURN 
FNO 

< 

FUNCTION 4HCC0S 7 4 / 7 4 0PT«1 FTN 4 , 6 * 4 « 6 1 * / 0 B / S 1 4 . 0 S . S * PAOC 1 

CO 

10 

REAL FUNCTION ARCC0S(Y1 
P I « 3 . 1 4 1 5 9 2 6 5 4 
IF(Y} 1 0 0 . 1 0 1 . 1 0 2 

100 A R C C O S » P I - A T A N ( S Q R T ( ( 1 , - Y " 2 1 / Y » « 2 1 1 
R E T U R N 

101 A R C C O i 5 n P l / 2 . 
R E T U R N 

102 A R C C 0 S » A T A N ( S Q B T ( ( l . - Y « « 2 1 / Y * » 2 l 1 
R E T U R N 
FNn 
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APPENDIX II 

COMPLETE L I S T OF VARIABLES USED IN PROGRAM REVAP 

VARIABLE 

NAME DESCRIPTION UNITS 

A A v e r a g e a l b e d o 

ACOM C o s i n e o f OMEGA 

AK , A i r t e m p e r a t u r e ( °K ) 

ALPHA(J ) C o n s t a n t i n c o m p u t a t i o n o f v a p o u r p r e s s u r e 

ARAT W e i g h t i n g f a c t o r f o r t h e e f f e c t o f snow on 

a l b e d o 

ATM W e i g h t i n g f a c t o r f o r t h e e f f e c t o f c l o u d s on 

a t m o s p h e r i c r a d i a t i o n 

AZ C l e a r s k y a l b e d o when sun i s a t z e n i t h 

AZZ S n o w - f r e e , c l e a r s k y a l b e d o when sun i s a t 

t h e z e n i t h 

AO C l e a r s k y a l b e d o 

B Net l o n g wave r a d i a t i o n l o s s a t T (Wm"^) 

BETA C o n s t a n t i n c o m p u t a t i o n o f v a p o u r p r e s s u r e ( °C) 

CONSTl C o n s t a n t t e r m used i n c a l c u l a t i n g ETW o r EW (Wm" ) 

C0NST2 C o n s t a n t c o e f f i c i e n t f o r c a l c u l a t i n g 

ETW o r EW 

36 



COSZ 

OZENA 

C1,C2,C3,C4 

DELTA 

DELP 

DP 

DUST 

DUSTT 

DVT 

DV2 

EE 

EPM 

ET 

ETM 

ETM5YR 

ETP 

(mb°C-'') 

(mb°C-'') 

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 

Slope of the saturation vapour pressure 

curve at TP 

Penman weighting factor 

Turbidity coefficient 

Intermediate calculation used to estimate 

TAUT 

Dummy variable (DVl =0 for WEVAP; 

DVl = 1 for REVAP) 

Dummy variable (DV2 = 1 for WEVAP; 

DV2 = 0 for REVAP) 

Vapour transfer coefficient x sta b i l i t y 

factor X vapour pressure deficit 

Potential evapotranspiration for time period (mm) 

Power equivalent of evapotranspiration (W m"̂ ) 

Evapotranspiration for time period (mm) 

Sums evapotranspiration for all the station 

data (mm) 

Power equivalent of potential 

evapotranspiration 

(Wm-2) 

(Wm-2) 
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ETPM P o t e n t i a l e v a p o t r a n s p i r a t i o n f o r t i m e p e r i o d (mm) 

ETPM5YR Sums p o t e n t i a l e v a p o t r a n s p i r a t i o n f o r a l l 

t he s t a t i o n d a t a (mm) 

ETW Wet e n v i r o n m e n t e v a p o t r a n s p i r a t i o n (Wm'^) 

EWM Lake e v a p o r a t i o n f o r t ime p e r i o d (mm) 

FMM I n t e r m e d i a t e c a l c u l a t i o n f o r p e r i o d l e n g t h 

FORM I n p u t c o n t r o l p a r a m e t e r ' f o r n o . o f 

t e m p e r a t u r e r e a d i n g s 

FT Vapour t r a n s f e r c o e f f i c i e n t (Wm'^mb"^) 

F T Z ( J ) Vapour t r a n s f e r c o e f f i c i e n t x s t a b i l i t y 

f a c t o r (Wm-^mb-'') 

2 1 

FZ C o e f f i c i e n t used i n c o m p u t i n g FTZ(J) and (Wm" mb ) 

ZETA (FZ = 2 8 . 0 f o r REVAP; FZ = 2 5 . 0 f o r 

WEVAP) 

G I n c i d e n t g l o b a l r a d i a t i o n (Wm"^) 

GAMMA(J) S e n s i b l e h e a t t r a n s f e r c o e f f i c i e n t (mb°C~^) 

GE E x t r a - a t m o s p h e r i c g l o b a l r a d i a t i o n (Wm"^) 

GO C l e a r s k y g l o b a l r a d i a t i o n (Wm"^) 

HEADNG(3) V a r i a b l e f o r REVAP o r WEVAP h e a d i n g s 

I I n t e g e r c o u n t e r f o r s t a t i o n l o o p and 

i n i t i a l i z a t i o n s 

I I I n t e g e r c o u n t e r f o r t h e no . o f p e r i o d s 

per month 

IS C o n t r o l p a r a m e t e r f o r s u n s h i n e d u r a t i o n 

IT C o n t r o l p a r a m e t e r f o r t e m p e r a t u r e d a t a 
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J J = 1 f o r T ^ 0°C 

J = 2 f o r T < 0°C 

L ( J ) L a t e n t h e a t o f v a p o r i z a t i o n 

( o r s u b l i m a t i o n ) (W-days mm"^) 

LAMDA Heat t r a n s f e r c o e f f i c i e n t mb°C-^ 

LNX Used as argument i n c a l c u l a t i n g TAUT 

LNY Used as argument i n c a l c u l a t i n g TAUA 

M No. o f t i m e p e r i o d s per month 

MEAN No. o f y e a r s o f d a t a 

MEANS C o n t r o l p a r a m e t e r f o r s t a t i o n summary 

MN S h o r t f o rm f o r month used as h e a d i n g 

MONNUM No. o f month (1 t o 12) 

N(12) A r r a y c o n t a i n i n g n o . o f days p e r month ( d a y s ) 

NAME S t a t i o n name 

NETA R a d i u s v e c t o r o f sun 

NN T o t a l n o . o f r e c o r d s 

OMEGA H a l f t h e a n g l e between s u n r i s e and s u n s e t ( r a d i a n s ) 

0 1 , 0 2 , 0 3 , 0 4 V a r i a b l e s used t o i n d i c a t e an e s t i m a t e d 

i n p u t 

P A v e r a g e a t m o s p h e r i c p r e s s u r e (mb) 

PERIOD I n t e r m e d i a t e c a l c u l a t i o n f o r THETA and NETA 

PHI L a t i t u d e ( r a d i a n s ) 

PHID L a t i t u d e ( d e g r e e s ) 

PI C o n s t a n t = 3 .141592654 

PLENGTH L e n g t h o f t i m e p e r i o d ( d a y s ) 
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PPN 

PROGRM 

RHO 

RT 

RTC 
RTM 

RTM5YR 

RTP 

RWM 

SB 

SBD 

STRTMN 

T 

A v e r a g e annua l p r e c i p i t a t i o n (mm) 

P r o g r a m c o n t r o l v a r i a b l e f o r REVAP o r 

WEVAP 

P r o p o r t i o n a l i n c r e a s e i n a t m o s p h e r i c r a d i a t i o n 

due t o c l o u d s 

Net r a d i a t i o n a t t e m p e r a t u r e T 

RT c o n s t r a i n e d f o r use i n ZETA e s t i m a t e s 

E v a p o r a t i o n e q u i v a l e n t o f n e t r a d i a t i o n 

f o r t i m e p e r i o d 

Sum o f RTM f o r a l l t h e s t a t i o n d a t a 

Net r a d i a t i o n a t t e m p e r a t u r e TP 

E v a p o r a t i o n e q u i v a l e n t o f w a t e r s u r f a c e 

n e t r a d i a t i o n a t T 

R a t i o o f o b s e r v e d t o maximum p o s s i b l e 

s u n s h i n e d u r a t i o n 

S u r f a c e e m i s s i v i t y x S t e f a n - B o l t z m a n n 

c o n s t a n t (Wm-2 ° K - ^ ) 

= 5 . 2 2 X 1 0 - 8 f o r REVAP 

= 5 . 5 X 1 0 - 8 f o r WEVAP 

4 X SB (Wm-2 " K - ^ ) 

= 2 0 . 8 8 X 1 0 - 8 f o r REVAP 

= 2 2 . 0 X 1 0 - 8 f o r WEVAP 

The f i r s t month n o . o f t h e s t a t i o n s ' d a t a . 

A v e r a g e a i r t e m p e r a t u r e ( °F o r °C) 

(Wm-2) 

(Wm-2) 

(mm) 

(mm) 

(Wm-2) 

(mm) 
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TAUA P a r t i a l t r a n s m i t t a n c y due t o a b s o r p t i o n 

a l o n e 

TAUT T r a n s m i t t a n c y f o r d i r e c t s o l a r r a d i a t i o n 

TAl A v e r a g e maximum a i r t e m p e r a t u r e ( ° C ) 

TAIF A v e r a g e maximum a i r t e m p e r a t u r e ("F) 

TA2 A v e r a g e minimum a i r t e m p e r a t u r e ( °C ) 

TA2F Ave rage minimum a i r t e m p e r a t u r e ( ° F ) 

TD A v e r a g e dew p o i n t t e m p e r a t u r e ( °C ) 

TOF A v e r a g e dew p o i n t t e m p e r a t u r e ( ° F ) 

TETM(I) T o t a l m o n t h l y ETM f o r s t a t i o n summary (mm) 

TETPM(I) T o t a l m o n t h l y ETPM f o r s t a t i o n summary (mm) 

THETA D e c l i n a t i o n o f t h e sun ( r a d i a n s ) 

TP P o t e n t i a l e v a p o t r a n s p i r a t i o n e q u i l i b r i u m 

t e m p e r a t u r e . ( ° C ) 

TRTM(I) T o t a l m o n t h l y RTM f o r s t a t i o n summary (mm) 

TST W e i g h t i n g f a c t o r f o r t h e e f f e c t s o f 

t e m p e r a t u r e on t u r b i d i t y 

TT A d j u s t m e n t f o r t i m e p e r i o d s s h o r t e r t h a n 

a month 

V S a t u r a t i o n vapour p r e s s u r e a t T (mb) 

VD S a t u r a t i o n v a p o u r p r e s s u r e a t TD (mb) 

VP S a t u r a t i o n vapour p r e s s u r e a t TP (mb) 

VPDL Vapour p r e s s u r e d e f i c i t (mb) 

W P r e c i p i t a b l e w a t e r vapour (mm) 

41 



WVA I n t e r m e d i a t e p a r t o f e q u a t i o n f o r e s t i m a t i n g 

TAUA 

WVT I n t e r m e d i a t e p a r t o f e q u a t i o n f o r e s t i m a t i n g 

TAUT 

YEAR Year o f c l i m a t o l o g i c a l o b s e r v a t i o n 

YR S h o r t fo rm f o r y e a r used as h e a d i n g 

ZENA S o l a r z e n i t h a n g l e ( r a d i a n s ) 

ZETA S t a b i l i t y f a c t o r 
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Appendix III 
Areal Evapotranspiration and Lake Evaporation 

Programs for Hewlett-Packard HP-67 Hand-Held 
Calculator 



APPENDIX I I I 

AREAL EVAPOTRANSPIRATION AND LAKE EVAPORATION PROGRAMS 

FOR HEWLETT-PACKARD H P - 6 7 HAND-HELD CALCULATOR 

P r e l i m i n a r y 

1 . Pu t programs on c a r d s . P rog ram I o c c u p i e s b o t h s i d e s o f a c a r d , 

w h i l e P rog rams I I , I I I and IV each o c c u p y o n l y one s i d e o f a 

c a r d . (See program l i s t i n g s s t a r t i n g on page 52) 

2 . Put program c o n s t a n t s on a d a t a c a r d so t h a t t h e y can be l o a d e d 

i n t o s t o r a g e r e g i s t e r s 10 t o 19 i n c l u s i v e . 

S t o r a g e R e g i s t e r C o n s t a n t 

10 2 3 7 . 3 

11 17 .27 

12 2 8 . 0 0 

13 0 . 6 6 

14 2 8 . 5 0 

15 2 6 5 . 5 

16 2 1 . 8 8 

17 2 8 . 0 0 X 1 .15 

18 0 . 6 6 V 1 . 1 5 

19 2 8 . 5 0 X 1 .15 
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For each s e t o f c o m p u t a t i o n s 

3. Load program c o n s t a n t s i n t o s t o r a g e r e g i s t e r s 10 t o 19 i n c l u s i v e 

f rom the d a t a c a r d . 

4 . Load the s t a t i o n l a t i t u d e , (j) , ( i n d e g r e e s ) i n t o s t o r a g e r e g i s t e r 

5 . Load t h e r a t i o o f a t m o s p h e r i c p r e s s u r e a t t h e s t a t i o n t o t h a t a t 

sea l e v e l ( p / p ^ ) i n t o s t o r a g e r e g i s t e r B. I f p r e s s u r e 

o b s e r v a t i o n s a r e a v a i l a b l e , d i v i d e t h e a v e r a g e by 1013 mbar . I f 

n o t , use t h e s t a t i o n a l t i t u d e i n m e t r e s above sea l e v e l (H) i n 

the f o l l o w i n g e q u a t i o n : 

C. T h i s i s computed u s i n g t h e l o n g - t e r m ave rage p r e c i p i t a t i o n 

i n m i l l i m e t r e s per y e a r (P) i n : 

0 .0065H 
288 

5 . 2 5 5 

6. Load the s n o w - f r e e z e n i t h a l b e d o (a^z ) i ^ t o s t o r a g e r e g i s t e r 

a ^ ^ = 0 . 2 6 - 0 . 0 0 0 1 2 P (^ - ^ | ^ | ^ i^^ < 0.17 

The c o n s t r a i n t i s a p p l i e d b e f o r e a^^ i s s t o r e d i n r e g i s t e r C. 

F u r t h e r c o n s t r a i n t s a r e a p p l i e d i n the p r o g r a m , one o f w h i c h 

e n s u r e s t h a t a^^ w i l l not be l ower than 0 . 1 1 . For e s t i m a t i n g 

l a k e e v a p o r a t i o n t h e v a l u e o f a ^ ^ i s 0 . 0 5 . 
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7 . Load t h e p r o d u c t o f t he e m i s s i v i t y and t h e S t e f a n - B o l t z m a n n 

c o n s t a n t i n t o s t o r a g e r e g i s t e r D. F o r e s t i m a t i n g a r e a l 

e v a p o t r a n s p i r a t i o n t h e v a l u e i s 5 . 2 2 x l O ' ^ Wm'^ ( ° K ) " ^ 

Q 

and f o r e s t i m a t i n g l a k e e v a p o r a t i o n t h e v a l u e i s 5 . 5 0 x 10" 

Wm-2 ( ° K ) - ^ . 

N o t e : The c o n t e n t s o f s t o r a g e r e g i s t e r s A , B, C and D and 10 

t o 19 i n c l u s i v e r e m a i n unchanged w h i l e t h e p rogram i s 

w o r k i n g s o t h a t t h e y o n l y need t o be l o a d e d o n c e . 

F o r each i n d i v i d u a l c o m p u t a t i o n 

8 . Load P rog ram I f r o m c a r d . 

9 . E n t e r m o n t h l y v a l u e s o f dew p o i n t t e m p e r a t u r e ( " C ) , a i r 

t e m p e r a t u r e ( ° C ) , month number and s u n s h i n e d u r a t i o n r a t i o i n 

a u t o m a t i c s t o r a g e r e g i s t e r s T , Z , Y and X r e s p e c t i v e l y . 

10. P r e s s Key A. 

1 1 . When p rog ram s t o p s , e n t e r t h e number o f days i n t h e month ( i t 

a u t o m a t i c a l l y goes i n t o r e g i s t e r X) and t h e n p r e s s Key R / S . 

12. W h i l e P rog ram I i s w o r k i n g , pu t c a r d f o r P r o g r a m I I i n c a r d 

r e a d e r s l o t . I t w i l l l o a d a u t o m a t i c a l l y and c o n t i n u e t h e 

c o m p u t a t i o n s when P r o g r a m I i s f i n i s h e d . 
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13. W h i l e P r o g r a m II i s w o r k i n g , put c a r d f o r P r o g r a m I I I i n c a r d 

r e a d e r s l o t . 

14. W h i l e P r o g r a m I I I i s w o r k i n g , put c a r d f o r P r o g r a m IV i n c a r d 

r e a d e r s l o t . 

15 . The f i r s t f l a s h i n g r e s u l t d u r i n g t h e e x e c u t i o n o f P rog ram IV i s 

t h e n e t r a d i a t i o n i n mm o f e v a p o r a t i o n e q u i v a l e n t , t h e s e c o n d i s 

the p o t e n t i a l e v a p o t r a n s p i r a t i o n ( o r p o t e n t i a l e v a p o r a t i o n ) i n 

mm and the t h i r d i s t h e a r e a l e v a p o t r a n s p i r a t i o n ( o r l a k e 

e v a p o r a t i o n ) i n mm. These q u a n t i t i e s a r e a l s o s t o r e d i n 

r e g i s t e r s 8 , 4 and 0 r e s p e c t i v e l y . 

N o t e s (1 ) The c o m p u t a t i o n s f o r any one month can be c o n t i n u o u s 

w i t h a u t o m a t i c l o a d i n g o f P rograms I I , I I I and IV . I f 

f o r some r e a s o n ( f o r g e t f u l n e s s b e i n g t h e most common) 

t h e a u t o m a t i c l o a d i n g does n o t t a k e p l a c e , t he p rogram 

c a r d i n q u e s t i o n can be l o a d e d m a n u a l l y and t h e 

c o m p u t a t i o n c o n t i n u e d by p r e s s i n g Key A. 

(2) The p rogram can be m o d i f i e d t o use g l o b a l r a d i a t i o n 

o b s e r v a t i o n s as i n p u t i n p l a c e o f t he s u n s h i n e 

d u r a t i o n r a t i o by c h a n g i n g s t e p s 080 t o 098 o f P rogram 

II as shown i n T a b l e I I I - l . The q u a n t i t y 2 . 0 6 4 ( s t e p s 

080 t o 084) c o n v e r t s l a n g l e y s per day to w a t t s pe r 

s q u a r e m e t r e . I f g l o b a l r a d i a t i o n i s measured i n 

M J / m ^ / d a y , r e p l a c e 2 .064 by . 0 8 6 4 . 

47 



T a b l e 111-2 shows the changes n e c e s s a r y t o a d a p t t h e 

HP-67 a r e a l e v a p o t r a n s p i r a t i o n model t o p r o d u c e 

e s t i m a t e s o f l a k e e v a p o r a t i o n . 

To h a n d l e p e r i o d l e n g t h s o f f r a c t i o n s o f a month t h e 

HP-67 p rog ram r e q u i r e s a s l i g h t m o d i f i c a t i o n t o t h e 

f o r m o f i n p u t o f t h e "month number" and t h e number o f 

days i n each p e r i o d . I n s t e a d o f i n p u t t i n g t h e "month 

number" as i n s t e p 8 , t h e v a l u e i s h o u l d be i n p u t as 

c a l c u l a t e d i n the f o l l o w i n g e q u a t i o n : 

i = ( I + 0.5 ( m - l ) ) / m 

where m i s t h e number o f p e r i o d s p e r month and I = 1 

f o r t h e f i r s t p e r i o d i n J a n u a r y and I = 12 m f o r t h e 

l a s t p e r i o d i n December . The v a l u e o f m i s r e s t r i c t e d 

t o m = 1,2,3,5,6 t o a v o i d l a r g e a b s o l u t e and 

p e r c e n t a g e v a r i a t i o n s i n t h e l e n g t h o f t h e l a s t p e r i o d 

i n a month . T h u s , f o r t h e i n p u t o f t h e number o f days 

i n a p e r i o d ( s t e p 10), t h e r e w i l l be a c o n s t a n t number 

o f days f o r t h e f i r s t m - 1 p e r i o d s i n a month , w h i l e 

the l a s t mth p e r i o d w i l l v a r y i n l e n g t h d e p e n d i n g on 

t h e month . F u r t h e r m o r e , s t e p 049 i n PROGRAM I s h o u l d 

be changed f rom a "2" t o a " 4 " t o o b t a i n more a c c u r a t e 

a v e r a g e v a l u e s o f the d e c l i n a t i o n o f the s u n . 
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T a b l e I I I - 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 

"YrywRr KEY CODE 

PROGRAM I 
141 ' • 83 RCL C 34 13 
142 9 09 STO 8 33 08 
143 1 01 RCL 9 34 09 
144 RCL 4 34 04 3 03 
145 RCL 6 34 06 3 03 
146 81 0 00 
147 - 51 T 81 
148 2 02 h RCI 35 34 
149 81 + 61 
150 RCL C 34 13 h STI 35 33 
151 g x>y 32 81 • 83 
152 35 52 2 02 
153 • 83 5 05 
154 1 01 STO 9 33 09 
155 1 01 , 83 
156 g x^y 32 71 , 2 02 
157 h x c v 35 52 8 08 
158 STO 8 33 08 ST0^9 33 81 09 

PROGRAM I I 
099 RCL 9 34 09 h RCI 35 34 
100 3 03 h RCI 35 34 
101 3 03 f INT 31 83 
102 0 00 h STI 35 33 
103 •f 81 - 51 

PROGRAM I I I 
081 STO 9 33 09 ST0x9 33 71 09 

PROGRAM IV 
• 085 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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To h a n d l e w e e k l y o r o t h e r i r r e g u l a r p e r i o d s the same 

p r o c e d u r e c a n be used w i t h I e q u a l t o t h e number o f d a y s 

f r o m t h e b e g i n n i n g o f t h e c a l e n d a r y e a r t o t h e m i d d l e day 

o f t h e p e r i o d ( u s i n g a F e b r u a r y o f 2 8 . 5 d a y s ) and w i t h m 

e q u a l t o ( 2 9 . 5 + 1 /270) o r 3 0 . 4 , w h i c h e v e r i s s m a l l e r . 

51 



STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE 

001 f L B U A 51 2 5 II h Rvl- 3 5 5 3 
S T O O 3 3 O O r cos 31 fai 

h RO- • 3 6 5 ? 9 x ^ y 3 Z •^i 

R / S 3 4 060 3 5 S i 

s r o 1 5 5 O l S T O y 5 5 0 7 
3 5 5 5 h R t 3 5 5 4 

— S I 

h R 4 / 3 5 S 3 S T O £ 3 3 15 
S T O 3 5 3 0 5 L S T X 3 5 8 2 . 

010 31 71 3 Z T l 
h S P ^ 5 6 S | 0 2 E S l T E R . t 41 
h R 4 ' 3 5 5 5 © 1 

1 O I h U S T X 3 5 sr-
O O O 070 3 5 5 2 . 

h 3 T I 3 5 3 3 O H S 4 Z 
h R s l ' . 3 5 5 3 9 C O S " ' 3 2 & 5 
f G S B B 51 a z I X 5 ( <bC 

S T O 4. h L S T 76 3 5 S I 
1 O 1 3^ 7 5 

020 6 0 6 S T O S 3 3 Of i l 

h P ? E 3 5 - 7 1 OZ S I 
h S T I . 3 5 5 5 X 7; 

31 3 3 R C L E 3 4 : = 
R C L . 3 2 4 0 3 080 + 

f G S B B 31 ^ 2 . I Z S T O E 35 -.o 
S T O 6 R C U 8 5 4 0 3 

X 71 h 7r 5 5 7 5 

81 • S i 
T l X . 

030 h Vic R C L 2. 3 4 0:1 
S T O 5 •55 05 I •-"51 

Z O Z Z 
9 0 9 — £ 1 
• f 3 2 090 -F s i N j 51 

5 O S & O . b 

S T O X Z 5 5 -7! 0 2 0 0 0 
9 4 S \ 
4 i 0 : 

S T O - E 3 3 51 4 
040 E E X . 4 ? 9 x.^ 3 2 . 

C M S 4 Z 
3 0 3 1 01 

A 3 4 M 3 0 3 . 
R C U Z 3 4 OZ 100 s a e -

f S I M -£>• <bZ 4 
Z o z. X . 

3 0 3 S T O 2 3 3 0 -
• S S 1 01 

2 0 2 . • 3 3 
050 X -7 1 0 

... 6 i s 0 3 
h 1_ST X 3 2 . 5 Z 
f C O S • 

R C 1 _ A 3 4 1 1 no 0 0 0 

f C O S 31 ^ 3 1 0 1 
71 2. O Z 

COMMENTS 

REGISTERS 

SO S i S2 

3 

S4 85 86 37 iS8 89 

REVAP - PKOGRAM 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE 
S T O S 5 3 O S R C U 8 3 4 OS 
f?CL_ 7 3 4 o v 170 

• 03 
9 C 0 3 - ' 3 Z 3 0 5 

S T O 9 33 09 4 0 4 
x: 71 — 51 

9 32 5a X . 71 
R C L 7 34 0 7 R C L Q 34 OS 

120 R C L R 3 4 08 4 <2>l 
h ' / % 3 5 6Z. S T O X 7 3 5 -71 0 7 
9 D - » R 3Z 73 2. 0 2 

SI 1 01 

R C L 9 34 09 180 R C L 3 3 4 03 
ff 31 <&r_ 9 loM 3 Z 6f 

S T O 8 3 5 OS E M T E R t 41 

+ &i — 51 
X 7 i 5 05 
— s 1 5 Z s : 

130 1 01 h -xL^iH 36 5Z 
R C L S 34 OS R C L B 3 4 \Z 

— 1 at 
- r =^ 1 — . 51 
1 1 

^ 1 
190 X 7 ) 

• S 5 3 e'^ ' 32. 5Z 
4 R C L E 3 4 IS 
y 0 7 9 5 2 £ E 

0 5 
X 71 

140 • 5 3 
« 5 0 5 
9 X. 71 
1 C 1 h L S T a. 

R C L 4 3 4 0 4 JOO 4 - o i 

R C L & K 7 1 
-7- 3 i R C L E 34 15" 
— S : h R A U 5 E 3 5 7^ 

34 
•=M f L B L B 31 i ' s l^ 

150 R C L C 54 13 3 3 09 
3 X > y 3Z =!: R C L C : ) 34 24 
h X ^ 3 5 5 2 -h 

• h L S T X 3 5 
1 0 1 210 f I5Z 31 34 
! 0 1 R C L ^ ; ) 3 4 24 

P ^ 3 Z . 71 X 71 
3 5 S Z h L S T X. 3 5 82. 

S T O fl 3 3 O S R C L 5 4 00 
R C _ <& 34 Oh 71 

160 R C L 4 3 4 0 4 h 3 6 54 
9 x>a 3 Z e i S I 

EMTHP. '^ 4 1 9 e '^ 3>S 52 . 
— 61 0 ^ 

3 2 5 4 220 - S 3 
1 0 1 1 C i 

3 Z 7 1 1 o\ 4 1 -X 7 1 
— 51 h R T N ^ 5 

COMMENTS 

L A B E L S F L A G S SET STATUS 
A B C D E 0 F L A G S TRIG DISP 
a b c d e 1 ON OFF 

0 r;i CI 
1 n n 
2 n M 
3 n n 

DEC L i 
GRAD 1 : 
HAD I." 1 

FIX 1 1 
SCI :' 
ENG 
n 

0 1 2 3 4 2 

ON OFF 
0 r;i CI 
1 n n 
2 n M 
3 n n 

DEC L i 
GRAD 1 : 
HAD I." 1 

FIX 1 1 
SCI :' 
ENG 
n 5 6 7 8 9 3 

ON OFF 
0 r;i CI 
1 n n 
2 n M 
3 n n 

DEC L i 
GRAD 1 : 
HAD I." 1 

FIX 1 1 
SCI :' 
ENG 
n 

REVAP - PROGRAM I (continued) 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

+ L B L A 

-.-no s 

7 

8 

31 Z 6 11 
"ST 

_o2 
3 5 65 

06I 
OS 

Zt 0 8 | 

SI 
34 IZ^ 
34 1 5 

0 7 

03. 
35 65 

•STO 4 6 

R C L 3 
I 

R C L . 4 
X 

Co 

S T O 4 8 

3 > a 

55 61 6 g 
55 531 
54 03! 

01 
O Z 

0 4 
_09 

6 I 
55 
24 0̂  

7 1 
54 15 

0 6 

•5663 

0 9 

35 i£>i Off 

-«?3 
O Z 

Gr-ra L 

L S L Z. 
V. >̂  -V 

4 

32. S 
22 . O Z 

31 6 4 
3'c -54 

31 Z6.0 
36. 6 

43 
. 0 3 

3 
R.CL. S 

C M S 

X 

h U S T 3̂  

R C U -7 

R C U Z 

3 3 ei OS 

S T O E. 
g C L O 

R C U O 

X 

090 

100 

no 

RCL. Z 

f?CL O 

R C U E 
R C L 9 

I2.CL. -7 

h PAUS£ 

ei 
3 Z 6 Z 
54 O S 

4 2 
3-2. SZ. 

7 I 

3 & S Z : 

3 4 0 7 
7 I 

O / 
61 
O I 

5^ 54 
61 

71 
6: 

34 OZ 

33 15 
34 OO 

71 
5 4 O O 

0 5 

- S B 
O O 
O S 
61 

54 O Z 
-7 1 

5 4 OO 
51 

71 

3 3 O S 
34 15 
5 4 OO 

0 3 
0 5 
00 
31 
-71 

S / 
34 0 7 

•S9 71 0 8 
3 6 7^ 

SO S I S2 

REGISTERS 

S3 ,84 135 8 6 ^ 7 8 8 8 9 

R E V A P - P R O G R A M 11 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

001 f L B L A 31 2 5 I I s r o 7 3 3 0 7 
R C L 4 34 04 2 0 2 

34 Ofa V 0 7 
-7- S I 060 3 0 3 

K C L e 34 IS £.1 
61 

1 O l h L S T X. 3 3 8 2 
• 6 3 3 0 3 
4 0 4 3 6 6 S 

010 2. O L R C L . D 3 4 14 
3 4 SI X 7( 

41 S T O 0 3 3 0 0 

- 51 X 71 
• 9 3 070 S T O + 8 3 3 61 O B 
1 O l 4 0 4 

9 y 3 Z 71 ST-O >*o 3 3 71 0 0 
E M T E R f 4 1 R C L 8 3 4 O S 

81 f X 4 0 31 V I 
R C l - E 34 15 0 O D 

020 31 5 4 f ISU 31 3 4 
R C L E 3 4 15 R C L VO 3 4 2 4 

3 Z 54 R C U B 3 4 12 
51 3/ 6 4 

X 7 1 080 91 
R C L E 34 15 S T O 9 3 3 0 9 

3 32 5 4 R C U 6 3 4 Ota 
4- i>/ R C L - 4 3 4 0 4 

R C L B 34 - 51 

• S5 X 71 
030 1 O l 4 91 

s OS R C L 5 34 OS 
- T - SI f 15^ 3 i 34 
-•- 31 R C L C L " ) 3 4 Z.4 
1 Ol 090 R C L B 3 4 :2 

^1 X 71 
R C U 4 3 4 0 4 S T O E 3 3 IS 

• S 3 31 
O 0 0 X "I 
o 0 0 R C L 4 ? 4 0 4 

040 7 0 7 R C L t3 3 4 0 ^ 
K C L B 34 l a a i 

71 • 

X 7 1 2 0 2 
• 8 5 100 8 0 6 
1 0 7 X 71 
1 0 1 h L - i T X- 3 5 3 2 

-h (bl <bl 
K 71 + 61 
• 6 3 1 01 

050 9 0 9 3 2 . e i 
5 0 6 

3 Z 71 S T O ^̂ 9 3 5 71 0 9 
3 6 52 . R C U S 3 4 O S 

1 01 110 R C l _ <5 3 4 0 ^ 
— 5 1 i T O f 0 53 S1 0 0 

R C u 3 3 4 0 3 h PA.U'iE 5 6 72. 
REGISTERS 

ISO 31 32 33 3 4 35 36 37 ,38 39 

REVAP - PROGRAM III 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

BO 31 32 TS3 1S4 

REGISTERS 

35 

001 f U B L - A 31 2S 11 1 01 

J -f^ e i 3 2 . 71 
S T O + 4 35 61 0 4 < J T O 3 22. 05 

R C U E 34 i5 060 R C L 3 3 4 03 
3 5 fcl OO R C U -7 34 07 

51 5 4 — 51 
R C L CL) 3 4 2,4 R C U 9 3 4 09 
S T O r 1 53 81 01 X -7/ 

f D S Z . 31 35 S T O a 3 3 02L 
010 f D s r 51 33 R C U o 3 4 C O 

P D S - z : 51 3 3 X 71 
f L B U 3 51 2.5 03 R C L 8 34 06 

R C L 4 3 4 OA 4 - (2)1 
R C U . (o 34 070 e . T O 4 5 3 04 
R C L 3 34 03 R C U 4 34 04 

R C U V 34 0 7 R C U E 5 4 02 
B l l ^ c u E 34 IS 

R C U O 34 0 0 X 71 

71 — 51 

020 — 61 S T O 5 5 Oh 
— S I R C U e 3 4 I S 

R C U O 34 C O R C U 5 34 OS 
R C U 5 34 OS 4 1̂ 

• + (£>l OBO R C U S 3 4 05 
• 

S I S I 

S T O 2 35 OZ. • S I 

S T O + 7 5 3 <iji 0 7 2- 02. 
R C L 7 54 0 7 • ©3 

31 53 4 04 
030 R C L ii) 3 4 2 4 O 0 0 

-(- Co\ X 71 
h L - S T 3*> Q 2 -z. 0 2 

f i S Z 51 "i^ e O B 
R C U a ; 3 4 2^ 090 4 -

X 71 9 - x ^ i j 3 2 71 
h L S T PC 3 5 82. h 3 5 5 2 

R C U 7 3 4 0 7 R C U 4 34 04 

X •71 R C U 4 5 4 

h R 3 5 -54 61 
040 © 1 q T L > a 3 2 91 

32. 5 Z 5 6 52 
Ofe R C L 4 3 4 04 

. 3 5 — 51 

O l 100 R C U 1 34 01 
1 O l 5 T O x 4 5 3 71 04 

X 71 STO K Q 3 3 71 0 3 
S T O ia 3 3 Ob X 71 

X V I S T O 2 5 5 02 

S I D S P O 2 - 3 00 
050 X 71 R C L S 34 08 

K '/%. 3 5 bZ 4: - X - 3 \ S 4 

era 3 5 OS R C U 4 5 4 04 
R C U 2 i 4 0 2 + - X - 51 S 4 

h A B 5 3 5 &4 110 R C L Z 5 4 OZ. 
6 3 f - X - 31 8-= 

O o o h R T N J 3 S Z Z 

1S6 37 TS8 39 

R E V A P - PROGRAM IV 
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