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CORRELATION BETWEEN A I R  AND SOIL TEMFEIUTUItE 

/ I N  SYRIA AND LEBANON 

1 

P. B i l l a u x  

S o i l  t empera tu re  c r i te r ia  are  used i n  t h e  d e f i n i t i o n  of t h e  s o i l  

t empera tu re  regime (STR) and o f  t h e  s o i l  mo i s tu re  regime (SMR) accord ing  

t o  t h e  U.S; S o i l  Taxonomy. These  c r i t e r i a  are: 

- The mean annua l  s o i l  t empera tu re  ( f o r  STR and Sta). 

- The d i f f e r e n c e  between t h e  mean summer and w i n t e r  s o i l  t empera ture  

- The p e r i o d s  when t h e  s o i l  t empera tu re  a t  50 cm dep th  is more than  

I n  a r i d  and semi-ar id  r e g i o n s  t h e  d a t a  abou t  s o i l  t empera ture  are 

a t  50 cm d e p t h  (STR and SMR). 

8°C o r  more than  5°C (SMR). 

scarce and i t  is a common p r a c t i c e  t o  e s t i m a t e  s o i l  t empera ture  from a i r  

t empera tu re ,  t h e  l a t t e r  being Tar b e t t e r  known. 

For t ha t  purpose  we t r y  t o  de te rmine ,  i n  t h i s  paper ,  t h e  c o r r e l a t i o n s  

e x i s t i n g  between a i r  and s o i l  t empera tu res  in S y r i a  and Lebanon, by means 

of t h e  a v a i l a b l e  d a t a .  

I n  S y r i a ,  d a t a  abou t  s o i l  t empera tu re  (measured between 1960 and 1969) 

have been pub l i shed  f o r  13 c l i m a t o l o g i c a l  s t a t i o n s ,  wh i l e  a i r  t empera ture  

is measured i n  97 s t a t i o n s .  

s t a t i o n s  o u t  o f  65,<and t h e  p e r i o d s  o f  measurement a r e  no t  homogeneous: 

from 5 t o  20  y e a r s .  

T h i s  small number of  s t a t i o n s  is perhaps  compensated by t h e i r  d i s -  

I n  Lebanon, t h e  cor responding  numbers a r e  9 

A l l  a v a i l a b l e  d a t a  a r e  g iven  i n  Tab le s  4 and 5. 

t r i b u t i o n  i n  t h e  two c o u n t r i e s ,  F o r t u n a t e l y  indeed t h e  s t a t i o n s  a r e  d i s -  

t r i b u t e d  i n  v a r i o u s  r e g i o n s  which a r e  r e p r e s e n t a t i v e  o f  t h e  main c l i m a t i c  

c o n d i t i o n s  ( i n s i d e  t h e  gene ra l  c l i m a t e  of med i t e r r anean  type ) :  

i n  t h e  c o a s t a l  a r e a ,  t h e  c l i m a t e  of  which i s  warm and mois t  w i th  high r a in -  

f a l l ;  10 s t a t i o n s  i n  t h e  a r i d  and  semi-ar id  in l and  S y r i a ;  6 s t a t i o n s  i n  t h e  

5 s t a t i o n s  

I 
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sou th  p a r t  of t h e  h igh  i n l a n d  p l a i n  o f  Beqaa (Lebanonl 'wi th  a more temperate 

and f a i r l y  r a i n y  c l i m a t e .  The co ld  mountainous r e g i o n s ,  however, a r e  poor ly  

r ep resen ted  by only  one s t a t i o n :  

t h e  l o c a t i o n  of t h e  s t a t i o n s  and t h e i r  ave rage  annua l  p r e c i p i t a t i o n  and a i r  

t empera ture .  

Nabek, i n  t h e  a r i d  zone. Table  6 g i v e s  

M U N  ANNUAL SOIL TEMPERATURE 

i 

I 

f 
' .  

For a l l  t h e  s t a t i o n s  t h e  mean annual  a i r  t empera tu re  (Ta) has  been 

compared t o  t h e  mean annual  s o i l  t empera ture  ( t a )  measured a t  50 cm dep th  

and ( i f  d a t a  were a v a i l a b l e )  a t  100 c m  (Table  1 ) .  

The g e n e r a l  ave rage  r e l a t i o n s h i p  deduced from d i f f e r e n c e s  ( t a  - Ta) 

i s  : 

t a  = Ta + 2°C ( s t anda rd  d e v i a t i o n :  s=2) 
-.i 

Comments 
-_. - This  r e l a t i o n s h i p  is  d i f f e r e n t  from t h a t  proposed by S o i l  Taxonomy, 

which is: ta = Ta +'loc. 
- The same r e l a t i o n s h i p  a s  i n  (1)  above has  been found by Y. E l  

Kawasma (1979) who made t h e  c a l c u l a t i o n  f o r  Jo rdan  and S y r i a  t aken  

a s  a whole. 

- A s l i g h t l y  d i f f e r e n t  r e l a t i o n s h i p  has  been used by R. Tave rn ie r  

(1976-77) .when e s t i m a t i n g  s o i l  moiscure  reg imes  in Syr i a :  

ta = Ta + 2.5"C. 

- The d a t a  of Table  1 as w e l l  a s  T a b l e s  4 and 5 show that t h e  

d i f f e r e n c e  between "ta" measured a t  50 cm and 100 c m  depth  is smal l :  

0.2"c on an ave rage .  . 
- I f  c a l c u l a t i o n s  a r e  made s e p a r a t e l y  f o r  t h e  c o a s t a l  and in l and  r e g i o n s  

' t h e  r e l a t i o n s h i p s  a r e  s l i g h t l y  d i f f e r e n t :  ( ta-Ta) is lower than  t h e  

ave rage  f o r  t h e  c o a s t  and h ighe r  f o r  t h e  i n l a n d  (Tab le  1). 

.- 

. ~, . .  



- 261 - 
Tab le  1. D i f f e r e n c e  t-T between t h e  mean annual ,  summer and 

v i n c e r  soil t empera tu re  "t" and a i r .  t empera tu re  "T" ( O C ) .  

Region t a  - Ta t S  - TS t w  - TW 
t .  annua l  . summer winter 

I .  

i : .  t measured a t  
100 c m  50 c m  t measured a t  50 cm 

In land  S y r i a  
Abu Kama1 +1.6 +1.5 -0.7 +2.6 
Aleppo $2.7 +2.8 +2.0 +3.4 
Damascus Mezze +2.8 +3.1 +3.8 $2.5 
Deir e z  Zor +3.0 +3.1 +0.3 +4.7 
F i ¶  +2.6 +3.0 +4.0 + 2 . 0  

Nabek +2.0 +1.7 +1.4 +1.9 
+2.3 +1.9 $1.0 +2.1. 

Qamishli  +0.2 O -2.5 +1.7 . 

Mina e l  Beida +1.2 +1.1 +2.2 +o. 1 
Saf i t a  +1.0 +1.4 +3.3 +0.8 

Hama +2.0 +1.6 +1.5 +2.4 
Has sakeh +2.4 +1.9 +o. 9 +2.3 

Palmyra . 

44.0 +3.8 + 4 * 3  +2.7 
Coas ta l  S y r i a  

Beqaa (Lebanon) - Taanayel +O; 7 +1.0 +O. 3 
Ksara +2.6 +2.7  +5.1 +O. 6 
Te rbo l  +2.2 +I .3 +2.3 
T e l l  Amara +l.ì +1.7 +2.1 +O. 6 
Kfardane +1.6 f0.7 +1.6 

- 
- - Hauch Snaid +2.1 +O. 6 +2.8 

C o a s t a l  Lebanon 
Tyr +2.4 +0.9  +1.7 -0.4 
Beyrouth a i r p o r t  +3.7 +3.8 +6.7 +O. 5 
El A b d e  +1.1 +0.8 +I .3 -0.1 

Av e rn  Res 

General  +2.18 +1.97 +1.91 +1.70 
Standard d e v i a t i o n  0.95 1.01 2.00 1.21 
In l and  S y r i a  and Beqaa +2.30 +2.08 + I .  57 +2.15 

Coasca l  a r e a s  il.90 +1.60 +3.0 f0.18 

Standard d e v i a t i o n  0.88 0.95 1.89 1.06 

Standard d e v i a t i o n  1.16 1.25 2.18 0.47 

I .  

.- . . . . . . . - __ 

*. 



Mean S o i l  t empera tu re  a t  50  cm d e p t h  ( t s )  - 

(2) 
ts TS + 1.9OC ( s t anda rd  d e v i a t i o n :  s=2) 

Comments , 

- T h i s  r e l a t i o n s h i p  is v e r y  d i f f e r e n t  from t h a t  proposed by s o i l  - Taxonomy: ts = Ts  - 0 . 6 ' ~ .  
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The extreme v a l u e s  of ( t w  - Tu) r a n g e  from -0.4 t o  +4.7OC. 

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

d i f f e r e n t  and more p r e c i s e  r e l a t i o n s h i p s :  

Th i s  r e l a t i o n s h i p  is s l i g h t l y  more a c c u r a t e  t h a n  t h a t  o f  "ts." However, 

(4) 

( 5) 

- In l and :  t w  = Tu + 2.15"C (s=1.06) 
-. --  

. A  -I I__ Coast:- t w  = Tw + 0.18'C (s=0.47"C)- . 

D i f f e r e n c e  ( d t )  between "ts" and " tw"  

The mean summer and win te r  s o i l  t empera tu res  a t  50 c m  d e p t h  are n e a r l y  

symmetr ical  ( d i f f e r e n c e  o f  same magnitude bu t  w i t h  o p p o s i t e  s i g n s )  compared 

t o  t h e  mean annual  s o i l  t empera tu re  (Table  2 ) ,  which i s  i n  confo rmi ty  w i t h  

t h e  s t a t emcn t  of  S o l l  Taxononly (page 62) .  

of "tw" r a t h e r  t h a n  of  "ts" i n  o r d e r  t o  c a l c u l a t e  "dt": 

On accoun t  of t h e  r e s u l t s  above, i t  is b e t t e r  to  u s e  t h e  e s t i m a t i o n  

- .  
d t  1 2 ( t a  - t w )  

.. - - Mo-reover, i t  is nrlvis;lble t o  u s e  regional.  r e l a t i o n s h i p s ,  wjlich arc- 

b e s t  s u i t e d  to L h e  l o c a l  c l i m a t i c  cond iz ions ,  ' t han  a g e n e r a l  r e l a t i o n s h i p .  

PERIODS DURING WHICH THE SOIL TEMPERATURE 

AT 50 CM DEPTH IS > 8°C OR > s o c  
I 

~, , 
. .. 

. _  . -  By comparing the monthly-means of s o i l  t empera tu re  a t  50  c m  d e p t h  "t" 

and o f  a i r  t empera tu re  "T", a n  a t t e m p t  was made t o  f i n d  t h e  r e l a t i o n s h i p  

t h a t  would make it p o s s i b l e  t o  e s t i m a t e  t h e  d a t e s  a t  which "t" r e a c h e s  t h e  

t empera tu re  l e v e l s  of 8°C o r  5°C. 

a ' '  

F i g u r e s  1 t o  5 g i v e  t h e  cu rves  of  measured monthly "t" and "T" f o r  

each s t a t i o n .  

_._ - - . _ _  - 
I n t e r v a l  of  time between t h e  d a t e s  a t  which t h e  c u r v e s  

of  "t" and "T" r e a c h  t h e  t empera tu re  l e v e l s  of  8'C or Soc . *  

F i r s t  l e t  us n o t e  t h a t  i n  t h e  c o a s t a l  s t a t i o n s  n e i t h e r  t h e  a i r  n o r  t h e  

il mean monthly t empera tu res  f a l l  a s  low a s  8'C. 

I 
j 

" -  

, I  

, r ..i, . , . , ,  
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Table  2. D i f f e r e n c e s  between t h e  mean summer ( t s )  o r  w in te r  ( t w ) .  
s o i l  t empera ture  a t  50 c m  d e p t h  and t h e  mean annua l  s o i l  
t empera ture  ( t a ) .  

! 

Region ts  - ta t a ' -  tw I 

- , "  
In land  Syr i a  

- 3  

8 . 2 ~  8.5OC . . I  
Abu K a m a l  

Aleppo 9.0 9.6 

Damascus Mezze 9.1 9.0 

8.1 8.2 

Fiq 7.5 8.2 

Hama . 9.1 9.0 

Nabek 7.9 7.7 

Deir ez  Zor il 
i !  
i !  
.I . 

Ha ssakeh  10.2 9.6 

. -  
Palmyra -. 8.6  8.0 
Qamishli  9.0 . 8.7 

_ _  - ~ - -  

h q q a  10.3 10.4 ~ . 
Coas ta l  S y r i a  

~ Mina el Beida 7.9 7.3 

Saf i t a  8.4 ' 7.6 
li 

Il Beqaa (Lebanon) 

Taanayel - -  6.6 
Ksara 10.1 j/ 

Il Terbol  5.0 6.2 

il T e l l  Amara 7.4 - 7.9 

Kfardane 7.2 7.2 

Hauch Snaid 6.0 6.5 
, C o a s t a l  Lebanon i 

. .  
. .  
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In Inloi i l  S y r l a  und Deqita tlic luean monthly a i r  temperature  "T" f a l l s  

bctwren 8OC and S O C .  in most s t a t i o n s  (15-uut of 17), and falls I~c low 5°C rever, 

La on ly  one sL:iL 11111 (N:iI)ck). I ~ U L  In  o n l y  four or L l ~ c s c .  s t n t  Ions clic nicitn 'Y 

1 
9 

monthly s o i l  temperature  a t  50 c m  d e p t h  "t" f a l l s  between 8' and 5"C, 

and i n  none of them f a l l s  below 5°C. 

There fo re  t h i s  set of s t a t i o n s  d o e s  n o t  a l l o w  t h e  s t u d y  of t h e  5'C 
l e v e l  i n  t h e  s o i l .  I n  a d d i t i o n ,  i t  p r o v i d e s  too  l i t t l e  d a t a  t o  a l l o w  a n  

a c c u r a t e  r e l a t i o n s h i p  c a l c u l a t i o n  f o r  t h e  8°C l e v e l .  
. -  

r l Y  Concerning t h e  f o u r  s t a t i o n s  where "e" and "T" f a l l  below t h e  8°C 

r e d  

t h  

l e v e l ,  t h e i r  cu rves  i n  F i g u r e s  2 and 4 show that: 

- dur ing  t h e  d e c r e a s e  of  t empera tu re ,  t h e  8°C l e v e l  h a s  been reached 

by t h e  s o i l  t empera tu re  a t  50 cm d e p t h  "t" later t h a n  t h e  a i r  

t empera tu re  "T", the t ime l a g  being 2 t o  3 weeks (13 to 24 days) ;  - .  ~ 
* -  -.. . - d u r i n g  t h e  i n c r e a s e  of  t empera tu re ,  i n  three s t a t i o n s  t h e  8°C 

l e v e l  has been reached by "t" b e f o r e  "T", w i t h  an advance of 3 

t o  1 2  days. ( A t  t h e  s t a t i o n  of  Taanayel ,  "t" and "T" p a s s  t h e  8°C 
i- . a t  the  s a m e  time.)- - -  - -  

-However, it is not p o s s i b l e  to t a k e  such  i n t e r v a l s '  of t i m e  as a g e n e r a l  
P. 

r u l e ,  because. ( a s  s t a t e d  above f o r  t h e  set of  s t a t i o n s  i n  in l and  S y r i a  and 

Beqaa), one  cannot deduce t h a t  t h e  s o i l  t empera tu re  a t  50 cm d e p t h  w i l l  

n e c e s s a r i l y  f a l l  below 8°C o r  SOC f rom t h e  f a c t  t h a t  t h e  a i r  t empera tu re  
, 

;II 

le Is it p o s s i b l e - t o  a c c u r a t e l y  estimate "t" from "T" f o r  a g i v e n  month? 

T a b l e  3 g i v e s ' t h e  a v e r a g e  monthly r e l a t i o n s h i p s  (t-T), w i t h  t h e  s t a n d a r d  

d e v i a t i o n s  and extreme v a l u e s ,  f o r  a l l  t h e  s t a t i o n s  as a whole and s e p a r a t e l y  

f o r  the s t q t i o n s  of  t h e  in l and  and c o a s t a l  r eg ions .  
I .  

e monthly re1 

e ' i n l a n d  r e g i o n s  (F igu re  6), .and they  should be  employed i n  p r e f e r -  
:he 

. .. 

I .. . 

u -  

- .  
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Tab le  3. ' D i f f e r e n c e  (t-T) between t h e  monthly means of soil t empera tu re  a t  50 cm 'dep th  "t" and a i r  
. t empera tu re  "T" ' ( O C ) .  

J F M A H J J A S O N D 

A l l  s t a t i o n s  in S y r i a  
(13) and Lebanon (9) 

Av er a g e  +2.68 +1.43 +0.87 +0.67 +0.71 +0.91 +1.2& +1.69 +2.76 +3.28 +3.96 +3.59 
Standard  d e v i a t i o n  1.67 1.28 0.99 0.98 1.4%. 2.09 2,43 2.10 1.68 1.33 1.66 1.79 
Maximum i6.4 +4.7 +3.i +2.9' +4.9 +6.6 +7.1 +6.9 +6.0 +5.5 +7.0 +7.3 
Min h u m  -0.4 -0.4 -0.7 -0.9 -2.4 -3.8 -4.1 -3.0 -0.4 +1.3 +1.1 +0.9 

In l and  S y r i a  (11) and 
Beqaa (6) 

Average +3.27 +1.87 +1.18 +0.69 +0.51 +0.45 +0.71 +1.29 +2.71 +3.57 +4.58 +4.27 
Standard  d e v i a t i o n  1.37 1.11 0.88 0.78 1.25 1.83 2.26 2.01 1.61 1.17 1.34 1.50 

Maximum : +6.4 +4.7 +3.2 +2.2 +2.6 +3.9 +4.9 +5.1 +5.4 +5.5 +7.0 +7.3 
Minimum +1.0 O -0.1 -0.9 -2.4 -3.8 -4.1 -3.0 -0.4 +1.4 +1.4 +1.1 

C o a s t a l  area i n  S y r i a  
(2) and Lebanon (3) 

Av era g e +0.7 -0.2 -0.2 +0.6 +1.4 +2.5 1-3.0 +3.0 +2.9 +2.3 +le9 +1.2 
Standard  d e v i a t i o n  0.83 0.48 0.48 1.46 2.07 2.35 2.33 2.32 1.91 1.48 0.80 0.33 
Naximum +1.9 +0.5 f 0 . 6  +2.9 +4.9 +6.6 +7.1 +6.9 +6.0 +4.9 +3.2 +1.6 
Minimum -0.4 -0.4 -0.7 -0.9 -0.6 +0.9 +1.5 +leo +1.3 +1.3 +le2 +Os9 

I 
N 
4 
N 

1 

I 

,Y I 
i 

i 
l 



T 

*leg I . S O  11.2 
1.100 13.6 
T 6. O 

Oan.-rcur 1.50 10.8 
Mcizc  1.103 13.5 

T 7. 2 

ocir ez Zer 1.50 13.7 
l.1DO 16.1 
T 7. 3 

' Fiq 1.50 13.7 
1.100 15.0 
T 10. 3' 

Hama 1 . 5 0  I 0 . L  
1.100 13.0 
T 1 7 . 3  

H;csakeh 1.50 9.6 
1.100 I 13.2 

1.100 8 . 8  
T 13.0 

Palmyra 1.50 10.7 
1.100 l L . 5  
r 7.2 

( I ~ m i r h l i  1 .50  P B  
1.100 13.2 
T 6.5 

Raqqa t . 5 0  10.7 
1.100 1L.L 
T 6. 9 

Uina el Eeida 1.50 12.6 
t 1" 14.7 
7- 11.8 

S a l i l a  1.50 11.6 
I 1 0 0  1 2 . 9  
r 9. 7 - 

- 
P 
I 

12.1 
l L . L  
10. c 

ló: 5 
12.2  
7. 2 

10.7 
12.4 
8.7 

1 4.0 
! 6.2 
9.3 

12.5 
13.9 
81.1 

9.8 
1. 6 
8 . 7  

9.7 
2.1 
7. 7 

5.7 
7.9 
5 . 1  

0.9 
3 .8  
9.1 

9.3 
1.6 
7. 9 

1 . 1  
3. L 
8. 6 

2.3 
3. 6 
2 . 6  

1.. 2 
1 * 9  
o. 7 - 

- 
n 
- - 
15.0 
15.9 
1L.O 

12.7 
U3.2 
10.8 

13.6 
14.0 
11.7 

6.5 
16.7 
13.3 

14.7 
lL.9 
3.3 

12;o 
12.6 
11.8 

2 .5  
3 . 6  
I .  3 

6.5 
9.2 
7.1 

4.2 
5.1 
3.0 

1.4 
2.3 
1. 2 

L. 3 
5 .0  
2 . 4  

6 . 4  
4. 7 
:. 7 

2.8 
3.1 
3.  o - 
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A H J J A S O N  

!9.L 2 i . 9  28.1 291.6 21.1 29.2 25.1 
18.5 2 1 . 0  2!5 .L  27.9 29.1 28.3 25.t 
15.3 2 L . O  3 0 - 0  3 2 . 4  52 .0  2 1 . 4  21 .5  

15.1 2 1 . 3  26.'1 29 .0  29.9 28.1 22.7 
15.7 1c .c  23.5 26, .0  27.3 27.1 
1s.s 21.0 25.9 281.2 28.4- 24.7 

i 7  2 22.4' 27.4 291.9 30.7 28.1 
l'6:L 1 9 . 9 - 2 L . 0  16.6 28.1 27.1 
16.2 21-.1 25.5 26.9 27.2 23.5 

20.8 25.2' 29.4 3 1 . 3  31.9 29 .9  
19.3 22.7 26.L 28.8 S O . 0  29.2 
18.6 2@,3 29.8 32 .5  32.1 27.5 

. .  . 

- 
le.1 2 3 . 2  2,l.Z 29.0 29.9 29.C 
17.1 20,3 22.6 2 f i . b  2.3.0 28.1 
17.0 21.2 24.7 25:L 26.0 2 4 . 4  

Y6.1 21.0 26.0 28.9 ~ 2 9 . 6  28.C 
15.2 19.3 2 4 . 0  27.0 '28.5 27.9 
16.3 21.6 26.3. 28 .3  28,s 25.2 

. , J  

16.6 11.7 27.3 30.9 '31.4 1 8 . 1  
16.2 19.9 Z i . 8  2 8 . 2  24.4' 28.3 
16 .9  1 2 . 6  2.8.5 3!.6 ;31.0 25.e 

1 2 . 5  15.9  za4 2 ' 2 . c . 2 3 . 1  21.1 
I$.+;: 14. 3 13.9 20. 2 21.4 20.7 
11.3. 15.5 2Q.a 22.2 22,.2 18.4 

18.7 23.3 2?-.S 2 9 . 8  29.B 28.3 
17.5 20.0 24.86 26 .8  28:t 27.7 
l7!8 22.9 27.6 291.5 29.6 25.9, 

5 .0.  19.6 24. '7  28.1 28.9 26 .8  
G . 5 ,  17.7 21,.16 25.1. 26. 6 26.c  
5 9 .  2 c . O  28:5 32.2 31.9 27 .2  

0.:6' 25.6 31.1 33.5 33.5 30.9 
8 .6  2 3 . 0 . 2 7 . 9  30.6 31.6 3 0 . 4  
7 .5  23.0 21I1 30.1 29.6 2 5 . 5  

7..0 21.3 25.8 28.3 29.1 27 .4  
6. 5 : - l9 .8  23:7 2b:2 27.5 26.9 
7.1 20 .3  23.9 26.2 27 .0  25.0 

5 .5  19.L 24 .2  23 .5  2 8 . 0  2 1 . 1  
L . 9  17.5 21 .0  2 G . L  26.3 26 .2  
6.2 20.0 23.3 2 4 . 6  2 5 . 3  2 L . 0  

~. 

1 

2L.7 
19.5 

2 4 . t  
2s.: 
20.1 

2 5.8 
26.6 
21.1 

2 6.0 
26.5 
í l . 1  

23.E 
25.1 
2 0 . 3  

23 .6  
25.1 
19.3 

1 7 . 1  
18.2 
l L . 3  

23.4 
2 5.3 
20.7 

22.7 
23.5 
LI. o 

25.5 
27.1 
20.0 

2 3.5 
1 4 . 5  
21 .8  

23.3 
¿ L . O  
21.4 

19.7 

I L . 3  

18.9 
2 0.7 
11.9 

1 2  n 

,19.0 ' :i:: 
20.6 
11.9 
I3 .a 

22.2 
23.5 
17.L 

18.3 
20.8 
13.7 

1 7. 8 
20.7 
12.2 

12.4. 
14. R 

9.1 

18.4 

13.7 

17.6 

21 .,5 

26.1 1 

- 
O 

pc 

1L .  
18. 

9. 

13.7 
16.6 

7.9 

13. 1 
16.: 

9.1 

16.0 
16.7 
8.7 

6.4 

2.6 

3.1 
6.1 
8 .8  

2 . 1  
6. 5 
7. 5 

8.1 
1. 4 
5.3 

3 . 2  
?. 4 

a. 4 

n.8 

2.9 
6.4 
1. 6 

20.1 
17.: 

20.7 
20.4 
17. f 

22.! 
!2.& 
i3.e 

! l . B  
!1.4 
8. a 

9.1 
0-1 
8 .  I 

' 0 .2  
O. 7 
5.3 

b.4 
6.7 
2.7 

0.7 
1.1 
8.0 

8.9 
9.1 
8. 9 

1 -4 
2.6 
3.6 

o. L 
0.5 
9.3 

9.5 
9.1 
b. 1 - 

27.1 

29.1 

26 .  C 

3 1:a 

30.? 

29.3 

15.3 

2&6.8 

2 7 . 3  

30. 4 

29.5 
i 

22.3 

20.9 

20.3 

78 .3  

27.9 

30. L 
1 

3 7.7 

2 &.2 

26.3 

26.1 

17.9 

ZL 6 - 

- 
hlilit. 

w 
e_ 

13.2 

10.6 

11.5 

8.1, 

11.7 

9.2. 

14.7, 

10.0, 

13.6 

I l .  6 

10.7 

9.3 

O. 6 

.- 

8.3. 

6.7 

4.8 

I .  9 

::: I 
8.5 I 

2.0 

9.3 

3.1 

3. O 

'.' . .  

. .  . -  . 
I .  

3 

Table 4- A v e r a q e  m e a s u r e d  r o i l  t e m p e r a t u r e s  '1. at  SO a n d  100 cm d c p l h  a n d  a ' v * r > W  - -  
a i r  I c m p e r r t u r e  * y *  f o r  s o m e  r t a t i o n c  o f  S y r i a  ( Y  1 

I A g r o c l i m a l o l o g i c a l  r e t e r c n c c  b o o k  l o r  I h r  Syrian A r a b  R e p u b l l c  1 9 6 9 )  
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Tab le  5a.  Average measured s o i l  t empera tu re  "t" a t  50 and 100 cm d e p t h  and a v e r a g e  a i r  temp- 
erqtur-e .'IT" f o r  some.. s t a t i o n s .  of Lebanon .(.'C)-on-xhe 'inland,-gainzof-iBeqaa.'- 

._ , . - ,  .% c *. :3 

- - - - -  -.- L a . "  L V . 1  1 .4  

, .  .< .. ' . .  
. .  I I. . 

.. . I 
K s a r a m - :  :.'t .5,0 7,.2: 7.?i'ì'd.O 13.7 19.8 25.5 i8 .4  28.9 26;s 21'.9. 15.6 9..i+i7;8.*.:.27.g '8.1 57-77 ...-; 

~ i ' I  
t.100 9;1--8.4 1@.2 13.3 f7.8-22.8-25-9 '26.9 25.8 22.6. 17.6 12.1 .-17;7, .. . I  ,.. .. -, I ~2 , .: T 

. - ,  
. .  

'7::8:: 6:E' $..9-1&! 17.4'21.6 23.5 23.8 21.3 17.3 12.2 7..6 15:l '22;8.: 7.5: I- . 
. .. , . . I .  . ,  - -  " -  -~ ~ 

I 

N 
4 
4 

I 

. . ... . 
.... . . .. 

I .  . - . r . -  

I- 

.. 



T a b l e  5b. Average ' s o i l  temperature'"t". a t  50 and 1 
I l  T II f o r  some s t a t i o n s  of .Lebanon -" . 

. I  

O0 cm d e p t h  and a v e r a g e  a i r  t e m p e r a t u r e  
(-Cl i n  t h e  c o a s t a l  area: 

i 

Region J F A E.1 J J A S C N D Year Summ. Winter  P e r i o d ,  :. 

Tyr t.50 13.4 -13.5 15.6 1814 21.2 24.6 26.3 27.2 26.3 23.7'18e9 15.2 20.3 26.6 14.1' 69L73 ; 
t . l O O  16.8 16.2 17.1 19.3 21.2 2'4.1 26.3 27.3 27.1 25.7 22.2 18.8 21.8 

1 T 13.8 13.9 15.8 17.4 20.0 22.6 24.7 25.4 24.8 22.4 11.7 14.3 19.4 24.9 14.5 
1 

I 

Beyrouth t.50 
t . l O O  15.1 1 4 . 8  16.2 19.2 23.4 27.'6 30.4 31.4 30.9 28.5 23.1 17.7 
T 13.2 1 3 . 6  15.6 17.3 20.3 23.2 25.2 26.0 25.5 22.8 17.7 14.3 19.5 25.5 14.1 

13.6 14.0 16.2 20.2 25.2 29.8 32.3 32.9 31.5 27.7 20.'9 1 5 . 8 ,  23.3 ,32.2' 
23.2 

14.6 -69-73 
a i r p o r t  

E l  Abde t.50 13.3 12 .6  14.4 17.4 20.8 24.1 26.2 26.5 26.0 23.7 20.0 15.5 20.0 26.2 13.4 64-73 . 
t . l O O  15.1 13.7 14.9 16.9 20.2 22.7 24.7 25.9 26.1 24.3 21.5 17.9 
T 12 .5  13.0 15.1 17.4 20.3 23.1 24.7 25.5 24.7 22.1 18.0 14.1 19.2 24.9 13.5 

S e r v i c e  met eoro log ique .  Beyrouth. 

20.3 

R e f e r e n c e s - - C l h a t  du L iban ;  b u l l e t i n s  s t a t i s t i q u e s  mensuels .  D i r e c t i o n  g e n e r a l e  d e  l ' a v i a t i o n  c i v i l e .  

--Annales c l i m a t o l o g i q u e s  d e  l ' O b s e r v a t o i r e  d e  Ksara (Liban) .  Annees, 1957-77. 

. . .  . .  . 

t 

. i  .. . 
i 
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Tab le  6. Loca t ion ,  mean annua l  r a i n f a l l  and a i r  t empera tu re  f o r  t h e  
me teo ro log ica l  s t a t i o n s  of S y r i a  and Lebanon where soil 
t empera tu re  has been mrasured (publ i shed  d a t a ) .  

! 

Lat .  N Long. E A l t .  Mean Mean ' Region 
(m) annua 1 anqua 1 r 

r a i n f a l l  a i r  temp. 
6" *( "Cl 

Abu Kama1 34'25' 40"55' 174 1 O8 - 20.2 

In land  S y r i a  

;6"11 ' 37O 13' 3 92 ?23 . 17.3 Aleppo 

Damascus Mezze 33"29' 36"14' 729 113 i7.6 

F i q  32"46' 35"'42' 1 349 476 18.8 

35" 08 ' 36"4 5 ' ' 316 325 18.1 Hama 

Hassa keh 

Nabek 34"02' 36O43' 1325' :128 . l2,7 . 
Palmyra 34"33' 38O18' -. 404 127 ' r8.k 

Deir e z  Zor 35"20' 40e09' 2 04 143 19.8 

36"30' 40"45' 300 2L9 1-8 ., 3 

. -  L, 

Qamishl i  37"03' 41"13' 4c7 . . 480 18.'9C * 
Raqqa 35"57 ' 3 9"OO' '251 . 207 9 . 6  

Coas ta l  S y r i a  
i .. 

Mina e l  Beida 35833' 35045' 8 859 " k 9 . 5  I I 
1 

S a f i r a  . 34"49' 36"08' . 350 1112 18.1 
Beqaa (Lebanon) , 

Taanayel  33"48' 35-52. 88 O ' 6 9 i  13.8 
Ksara 33"50' 35"54' a20 ' 634 ;:1&1 
Terbol  33049' 35"59' i 90 . 570 : ~ 1 3 . 4  I 

T e l l  Amara 33"51' 35"59' ' 905 ;=I 622 7 *'li.O 

Kfardane 34"Ol' 3 6 " A '  1086, ' .' 435 

Hauch Snaid 33"56' 36"04' b I ,  '%io ). 13.6 t 

33-16' 35"12' 5 * 5 - 636 ' 19.4 Tyr 
Beyrouth a i r p o r t  33"48' 35"29' . '15 - " y  á50' *' -19.5 

-. - " 

. I  

14.4 . f  - 

. .  ... I a 
. .  _ -  

1 . .- Coas ta l  Lebanon 
' :  

i 

. \ -  - " i  . 
. - A  

.. . . 

. .  
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I n  t h e  c a s e  of t h e  i n l a n d  r e g i o n s  of: S y r i a  and Lebanon, owing t o  t h e i r  

c 1 , h t i c  c o n d i t i o n s ,  t h e  8°C and .!à?'C lerela c a n  o n l y  be r eached  from December 

t O  March. . T h e r a f o r e  t h e  r e l a t i o n s h i p s  given for t h e  c o l d  months i n  F i g u r e  6a 

( in l and  r e g i o n a l  cou ld  be a n  a c c e p t a b l e  method to e s t i m a t e  monthly s o i l  

t e m p e r a t u r e s  a 6  5Q cm depth.  

of 4".during t h e  pe r iod  when t.he 8'C or  5°C l e v e l s  may be  reached.  

That  would make it p o s s i b l e  t o  4raw t h e  c u r v e  
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