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A b st r a ct

O b s e r v ati o n s o f b o u n d a ry
- ai r

-l ay e r p r o c e s s e s m ad e i n th e d ayti m e in d e s e rt ar e a s s h o w th at th e

b e h vi o r of w at e r v ap o r i n th e s u rf a c e b o u n d a ry l ay er i s c o n sid e r ably diffe r e n t fr o m th at in m oi st

a r e a s; th at i s
,

( a) lat e n t h e a t fl u x i s n eg ati v e (d o w n w a r d);

P) c o n st an t - fl u x l a y e r of w at e r v a p o ri s n o t d et e ct e d;

( c) m i 血 g r ati o o f w at e r v a p o r i n c r e as e s wi th h eigh t o n fi n e d ay s;

( d) c o un te r -

g r adi e n t n o w o f w at e r v a p o r o c c u r s ･

r

rb e s e p h e n o m e n a a r e sh o w n t o b e
■
r e s ult e d f r o m th e fo ll o wi n g p r o c e s s e s .

( 1) H ot
,

d ry s oil s u rf a c e s p r o d u c e d r y ai r o r g r a di e n t s o f w ate r v ap o r d e n sity b y th e r m al

dif fu si o n .

( 2) n e g r a di e n ts o f w at e r v ap o r d e n sity m a d e at th e s t n
'

f a c e ar e tr 皿 S P O rt e d u p w a r d b y mi c r o -

c o n v e c ti o n c ells a ri s in g f r o m th e l a r g e difEe r e n c e in t e m pe r at u r e
‾b et v7 e e n th e s u rf a c e a n d th e ai r

i rr m e diat ely a b o v e it .

1 . I n t r o d u c ti o n

A 辻 n o w s o v e r c h an gi n g s u rf a c e c o n did o n s sh o w th at a n i n te m al b o u n d a ry l a y e r (I B L)

d e v el o p s o v e r th e n e w s u rf a c e , g r o wi n g i n h eigh t w ith d o w n w in d di s t an c e ･ It is s u p p o s e d
,

in

g e n e r al
,
t h at th e l o w e s t 1 0 % o r th e s u rf a c e b o tl n d a ry h y er h a s b e e n a c hi e v ed in eq uilib ri u m wi dl

th e n e w s u rf a c e an d is ofte n c al 1e d th e eq uilib ri u m l a y e r o r th e c o n st a n t - fl u x l ay e r ･

TY Le r e a r e t w o ki n d s of I B l . s
,

a c d v e IB L an d n o n - a cti v e o r p a s si v e IB L ･ T h e f o r m e r d e v el o p s

o v er s u rf a a ch a n g e s , s m o oth to r o u gh , c o ld t o h ot , a n d d ry t o w et
,

w hil e th e l a:tt er i s fo m ed o v e r

ch a Jlg e S , r O u gh t o s m o o th , h o t t o c old , an d w et t o d ry . H o w e v er
,
th e d a t a o n th e n o n

-

a c d v e IB L

h a v e s c ar c ely b e e n ob tai n e d s o f a r . E s p e ci ally ,
th er e i s n o e vi d e n c e fo r s u p p o rti n g th e f o r m ati o n o f

IB L f o r h u m idity w h e n ai r fl o w s fr o r n m oi st a r e a s t o d ry ar c a s ･ I n o th e r w o r d s , it i s n ot cl e a r to u s

w h a t o c c u r s w h e n c o ol m oi st ai r c o n diti o n e d i n o a s e s f o r e x am pl e fl o w s i n t o d e s e rts ･

T hi s p a p e r r e v i e w s th e b e h a vi o r o f w at e r v ap o r o b s er v e d r e c e n tly l n ari d r e g i o n s a n d d e s c ri b e s
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a m o d el c o n st ru ct edlt O e XPl a in th e b eh a vi of of w at e r v ap o r o v e r d ry s oil s u rf a c e s 1

2 . B o un d a ry
- ai r

-l ay e r p r o c e s s e s of h mi dity

R e c e n 也y , m a n y ob s e r v ati o n s o f b o u n d ar y
- ai r -l a y e r p r o c e s s e s i n a rid r egi o n s h a v e b e e n m ad e

a nd
--

p e c uli a r
l'

ph e n o m e n a h a v e b e e n f o u n d . W an g an d M its ut a (19 9 0) s h o w ed th at d l e fl u x of

ht e n t h e a t o r of
.
w at e r y ap o r o v e r a g obi d e s e rt in th e H EIF E (S in o

-J ap a n e s e C o o p o r a d o n al

p r o g r a m o n Am o s p h e r e ･ b n d S u rf a c e P r o c e s s e s in Ii eih e R i v e r B a s in) a r e a w a s n e g a d v e

(d o w n w a r d) 也 m o st of th e d ay ti m e ･ H a r a z o n o et al ･ (1 99 2) o b s e r v ed al s o h u mi dity in v e rsi o n s o r

in α e a s e s i n h mi dity w ith in c r e a s h g h ei gh t o v e r a s an d d un e i n H u l un b uir s a n d y la n d , C h in a
,

d 也 g th e d ay ･ H o w e v e r
,
th e s e o b s e rv ati o n s d o n ot m e a n d l at W at e r V ap o r m o v e s i nt o th e g r o u n d

,

b e c a u s e it s g r a die nt 血 m e di atel y b el o w d i e S u rf a c e i n th e d ry s u rf a c e l ay e r P S L) p oi nts

d o wn w a rd; th 叫 _
s oil w ?te r m o v e s u p w a rdj u st b e n e a th th e s u rf a c e ( K ob ay a shi et al .

,
1 9 9 3) .

H u e t al ･ (1 9 93) m a d e o b s e r v 血) n s of th e p r o 丘1e of sp e cifi c h u mi dity in 血e O ･ 25 t o 1 6 m

s tl rf a c e ai r l ay e r o v e r a s an d s u rf a c e at th e H EIF E d e s e rt s tad o n an d f o u n d th at th e r e ofte n e xi st ed a

mi n h um v al u e of sp e cifi c h mi dity n e a r th e g r o u n d 血 也e d a y d m e , w hi ch ら
?

e m s t o m e a n th at 血e

w at e r v ap o r flt H is n o t c o n s t an t wi d l h eigh t b ut e v e n d h an g e s its v e rti c al dir e cd o n in th e s d a c e ai r

lay e r . T e shi m a an d K o b ay a shi (1 9 97) t o o k ob s e r v ad o n s of b o tl nd a r y
- ai r -l ay e r p r o c e s s e s in

K o k o si ri r an g e s of 也e Q 血gh ai - Ⅹiz an g p ht e 叫,
C h h a

,
an d s h o w e d th at th e c o n s t a n t - fl u x l ay e r of

w a te r y ap o r dis ap p e a r ed a s th e s oil s u rf a c e d rie d an d um s t ab le c o n did o n s p r e v ai 1ed in th e ai r h y e r

j u st ab o v e th e s u rf a c e ･ T a m ag a w a (1 9 96) a n d y z e d th e d at a o n w in d
,
t e m p e r at u r e an d h mi dib r

ob tai n e d at th e H E 【F E d e s e rt s t ad o n
,

an d c o n cl u d e d th at th e M D ni n
一 仇 u k h o v h yp oth e si s w a s n o t

s tl PP O rt e d .

N ag ai et al . (19 9 7) sh o w ed dl at m o nthly m e a n mi x in g r ati o o f v at e r v ap o r o n 丘n e d ay s at di e

H ⅢアE d e s e rt s ta 丘o n i n c r e a s ed w ith in c r e a s in g h eig ht b el o w 2 0 m 血r o u gh o ut y e ar
,

w hi ch m e an s

th at h u mi dity i n v e r si o n s al w ay s o c c tl r in d l e S u rf a c e b o u n d a r y lay e r at this st ad o n . K ob ay a s hi an d

N a g ai (1 9 9 5) c o n 血 m ed at th e s am e st a d o n d l at e V aP O r ad o n w a s o c m r r in g u n d e r th e s e

h tl mi dity
-irl V e r Si o n c o n did o n s

,
w h id n m e a n s th at w ate r v ap o r w a s tr an sp o rted ag ai n st its d e n siy

g r adi e nt .

N o e xpl an a 也o n f o r th e s e p h e n o m e ll a h a s n o t b e e n offe r e d tnl n o w .

3 . H u mi dity i n v e r si o n a c r o s s t h e s oil s tlrf a c e

Fig 11 r e 1 sh o w s th e v e r d c al p r o file s of w a te r v ap o r d e n sity o bt ai n ed at ab o u t 1 5 0 0 J S T o n f in e

d ay s i n a 3 m b y 3 m d u n e s an d field at K y u s h l U ni v e r sit y , F u k u o k a ,
J a p an ( K o b ay a s hi et al ･

,

1 99 6) . T h e w at e r v ap o r d e n sity in D S L w h e r e w at e r m o v e s o nly in th e v ap o r ph a s e w a s e s 血Iat ed

fr o m th e s oil t e m pe r 姐 1r e a n d m oi st u r e c o n t e n t a s s u m in g t h e v ap o r t o b e in e q uilib ri um u n lq u ely

w ith th e liq u id in th e s am e p o r e .

r

rh e D S L th ick n e s s w a s in th e r a n g e of 1 . 5 皿1 t O 4 c m ･ H u mi dity

in th e ai r w a s m e a s u r e d w i血 an As s m a n n v e n tilat e d p s y ch r o m e te r . T h e v e rd c al p r ofile s t o ok a
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j u m p dis c o n 血 uity at 也e h oちd ry s oil s u rf a c e a n d in c r e a s ed fr o m t n d e r t o ab o v e th e s u rf a c e; th at

is
,
th e h mi dity in v e r si o n d e v el op ed a c r o s s 血e s on s u rf a c e .

H u mi dity i n v e r si o n a c r o s s th e s u rfa c e w e r e m e a s tl r ed al s o wi dl H U M IC A P h u mi dity s e n s o r s

(Ⅴ〟 s A L A) . T h e s e n s o rs w e r e c o v e r e d w ith a m e tal fat e r of 1 . 2 c m d ia m ete r an d in stal 1e d at

d ep th s of O ･ 6 皿
,
2 ･ 6 c m an d 1 0 c m , an d at a h ei gh t of 2 . 6 c m i n 血e s a m e s a n d fi eld d lat W a S

00 v e r e d w ith a v in yl h o u s e t o k e ep d r y c o n diti o n s
,

n a b ral v e n ti1a d o n of th e ai r b ei ng al1o w ed

d l r O u gh ･ OP e n 皿g S in th e w al1 ･ T h u s
,
也e t o p of th e s e n s o r at 0 . 6 q n d e e p w a s j u st e xp o s e d t o d i e

ai r
,

an d it w a s d u s te d w i th s a n d ･ Fig u r e 2 s h o w s th e di u m al v ari a 血 n of w at e r v ap o r d e rlSity o n

fl n e d ay (J u n e 2 6
,
1 9 9 4) ,

th e D S L th ic k n e s s b e in g ab o ut 4 . 5 c m

■
h 也e d ay 血 e( K ob ay a shi et al . ,

1 9 9 6) I T h e diff e r e n c e i n te m p e r at u r e b et w e e n th e s o 且 s u rf a c e an d th e ai r in th e v in yl h o tlS e

am o u nt ed t o ab o u t 1 5
o

C ･ T h e w at e r v ap o r d e n sit y at O 1 6 c n d e ep w a s ofte n s m alle r th an 血at at 2 ･ 6

c m hig h d u ri n g th e pe ri o d 1 1 0 0 JS T an d 15 0 0 J S T w h e n th e s oil s u rf a c e t e m p e r a:l u r e w a s n t lCh

hi gh e r th a Jl th e ai r t e m pe r at u r e i m m ediat ely ab o v e th e s tlrf a c e .
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Fig ･ 1 ･ V e rti c al p r ofd e s of w at e r v ap o r d e n sity m e a s u r e d at a b o u t 1 50 0 J S T o n fl n e d a y s i n a

d u n e s a n d fi eld at K y u sh u U ni v e r sity ,
F u k u o k a

,
J a p a n in 1 9 9 3 ･

-

77
-



4 0

√
､

■

E

.望 3 0

.

I _t
∽

t =

q )

て〉

L

o
2 0

【1 .

(ロ

>

1 0

一
-

- ー

ヽ

ノ ヽ
.

/ ヽ
ー

/ ヽ

- -
- 1 0 c m

I
- - - A

- 2 . 6 c m

- ･ - ･ ･ ･･ - ･ ･･ ･ ･･ ･ ･ ･･ ･ ･･ ･
_ 0 . 6 c m

- 2 . 6 c m

0 0 0 6 1 2 1 8

T i m e (J S T)
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F ig ,
2

.
D i u m al v a riatio n s of w ate r v ap o r d e n sib , m e a S t lr ed w ith H U M I C A P s e n s o r s in th e s am e

丘eld a s in Fig . 1 at a h eigh t of 2 . 6 c m an d at d ep th s of O ･ 6 c q 2 ･ 6 皿1 an d 1 0 c m o n J u n e 2 6
,

1 9 9 4 .

4 . P r o d u c ti o n of d ry ai r

'

m e h t l mi dity i n v e r si o n s e e m s t o b e r e h t ed t o a n oth e r p e c ulia r p h e n o m e n o n w hi ch is al s o s e e n

in Fig ･ 2 ･ A ft e r th e s u n ri s e at ab o u t 01 5 0 J S T , th e w at e r v ap o r d e n sity n e a r th e s u rf a c e in c r e a s ed

o w m g t o th e t e m pe r at u re ri s e . H o w e v e r , it st a rt ed d e c r e a s in g d r a sd c al 1y a;t ab o u t 0 70 0 JS T at O ･ 6

c m d e ep a n d 2 . 6 c m hi gh , an d als o at 2 .6 c m d e ep d elay ed i n ti m e ab o u t o n e h o u r ･

T b e m i ni r n um d e n si申 at 2 . 6 00 1 high w a s b el o w 1 7 . 0 g m
J

,
w hile th e d aily m e a n a n d mi n ir n um

v al u e s of w a te r v ap o r d e n sity o b s e r v e d at F u k u o k a M et e o r ol o gic al O b s e r v at o ry ab o ut fi v e

kil o m e t e r s a w ay f r o m th e s an d R eld w a s 2 0 ･ 5 g n

-B
an d 1 9 ･ 7 g m

-3

,
r e s p e cd v ely . T h e s e r e s ults m e a n

th at th e s m all s an d B eld w ith a d ry s u rf a c e l ay e r in v in yl pla s d c h o u s e w idl OP e n l n g S i n 血e w all

p r od u c ed d r y ai r d tlri n g th e d a y an d th is p r o c e s s w a s a cd v at e d s u dd e nly i n th e m o m l n g W h e n th e

s u rf a c e t e m p e r at u r e e x c e e d ed a c riti c al v al u e .

If h ot
,
d ry s on s u rf a c e s m ak e d ry ai r

,
th e dis c o n 血 ui ty a土 th e s u rf a c e in th e v e r丘c al p r ofile of

w at e r v ap o r d e n sity ,
o r 血e h u mi dity in v e r si o n a c r o s s th e s u rf a c e 侃Il b e e x plai n ed i n th e s a m e w ay

a s i n th e c a s e of te m p e r at u r e dis c o n 血 u ity at th e s tlrf a c e in w hich s e n sibl e h e i(t g e n e r at ed th e r e

pla y s an e s s e nti al r ol e .
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5 ･ M e ch a nis m ･f o r p r o d u c in g dry ai r

D ry ai r は Il b e m ad e b y s ep a r ati n g w at e r v ap o r f r o m m oi 5t ai r ･ T h e r e a r e t w o p r o c e s s e s b y

w hich w ate r v ap o r 現 n b e r e m o v ed fr o m m oist ai r
,

c o n d e n s a ti o n a n d th e r m al dif fu sio n ･ j u dl O ug h

th e f o r m e r i s v e ry c o m m o n , th e u tte r m ay b e u nfa mi lia r t o ti s .

A fl o w of m a tt er c a u s e d b y a te m p e r a t u r e g r adi e n t i n a 血id mi 3 h r e is c al1ed th e r m al difE u si o n

( d e G r o o t an d M a z u r
,
1 9 8 4) I If m oi st ai r

,
w hich is a m i xt u r e of dry ai r an d w at e r v ap o r

,
is k ep t

u nd e r a s tr o n g te m p e r at tz r e g r adie nt
,

w ate r v ap o r m o v e s to w a rd r egi o n s wi d l l o w e r t e T n pe r at u re S .

As a r e s ul t
,
si n c e th e ai r in r eg l O n S W ith high er te z np e r at u r e s b e c o m e s d r y ,

th e 皿 al difE u si o n m ak e s

d ry ai r w ith le a v n g m oi st a h a s a b y
-

p r od u ct ･ T h is
,
ii m ay b e m o r e r el e v an t t o s ay th at 也e rm al

dif fu sio n p r o d u c e s th e g r adie nt of w at e r v a p o r d e n sit y in th e ai r ･

K ob a y a s hi et al ･ (1 9 9 7) dis c u s s e d this stlbje ct a n d c o n cl u d e d t h t t e m p e r at u r e g r adie nts i n cl o s e

p r o xi mi ty t o s oil p a rti cle s f o 血 g th e g r o u n d s tlrf a c e c an b e la r g e e n o tl gh t o d e v el op h u mi dity

in v e rsi o n s a c r o s s d ry ,
s oil s 町f a c e s .

6 . A mi c r o - c o n v e cti o n m o d el

A m o d el th at d e s c db e s th e w ay 也e g r adie nt of w at e r v ap o r d e n sity is tr a n s p o rt ed u p w a rd is

p r e s e n t ed i n Fig ･ 3 ( K o b ay a s hi et al .

,
1 9 9 7) . T h e s dp ple d a re a s h o w s d ry ai r m ad e at h oち d ry s oil

s u rf a c e s I T h e d ry ai r m a d e at th e s u rf a c e is mi x:e d w ith m oist ai r ab o v e an d b el o w , p a rt of w hid l i s

th e b y
-

p r o d u c t o f th e r n al dif fu si o n
,
r e s u lti n g th e c o n v e rg e n c e of w ate r v ap o r to w a rd 也e s u rf a c e .

T h u s
,
if o nly mi x in g b y ed d y diff u si o n o r f o r c e d c o n v e c 血 n w e r e i n a cti o n , th e d ry ai r c o uld n ot

ef B cie n也y b e tr an sp o rt ed u p w a rd . C o n s eq u e n 也y , fr e e c o n v e c ti o n w hidi o c c u r s a s a r e s d t of th e

d e n sity g r a di e nt s sh o u ld b e r e sp o n sible f o r th e t r a n s p o rt .

A c o n v e cti o n c ell c o n sists of th e c o r e w h e r e th e u p d r af[is fa st an d 也e e n vi r o n m e n t w h e r e 也e

d o wn d r aft is sl o w . T h e h ot
,
d ry ai r m a d ej u st ab o v e th e g r o u n d s u rf a c e i s e a sily e nt rai n e d int o th e

c ell
･ H o w e v e r , if it is m ad e an d tr ap p e d in s oil p o r e s b ei n g o p e n e d t o 血e a 血 o s ph e r e

,
th e r n a s s

m o v e T n e nt Of h ot , d ry ai r m ay b e c o m pli c ate d
,
b e c a u s e h ot ai r is s m dli n d e n sity an d is l ai d un d e r

c o ol h e a v i e r ai r; th at is
,

u n st able c o n did o n s p r e v a L th e re . T his p h e n o m e n o n α n b e s olv ed a s a

p r obl e m o f th e K el v in - H el 血 olt z i n st ability ( K ob a y a shi et al り 1 99 7) ･

T h e r e s ul ts obt ai n e d a r e a s f ollo w s :

T h e in st ability d e v el op s w h e n ( a) 也e diff e r e n c e in te rrIP e r atu r e b et w e e n th e t w o g a s e s
,
h ot a n d

c o ol , i s l a rg e , ”) th e s u rf a c e w in d is str o n g , ( c) s oil p crr e s a r e l a rg e
,

a n d ( d) th e w a v e n u m b e r of

dist u rb an c e s i s l a rg e; th at is
,
th e si z e of c o n v e cti o n c ell is s m all .

F r o m 也e s e r e s ul t s , w e n n i m ag in e th at l ots of s m al l c o n v e cti o n c ells d e v el o p h e r e an d th e r e ,

a n d h ot
,
d ry ai r i s s e n t u p fr o m th e s u rf a c e th r o u gh th e thin c o r e lik e aj et ( m i c r o c o n v e c ti o n j et

,

M C J) ･ I n th e w id e e n vi r o n m e n t r ad l e r m Oist ai r m o v e s d o w n w a r d a n d p a rt of it t ak e n in to th e s oil

p o r e s
,

an d u n d e r s 廿o ng t e m pe r at u r e g r adie n ts th e d ry ai r lay e r i s r ef o r m e d th e r e ･ It i s e s s e n ti al t o

r e ali z e th at M C J s s e n d u p n o t o nly d ry ai r b ut als o g r a die nts of w ate r v ap o r d e n sity o r h u m idity

-
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iTI V e r Si o n s p r o d u c e d at 也e s tlrf a c e , w hi c h m e a n s th at th e ai r m a s s e s m o v m g u p fr o m th e s u rf a c e a r e

r a 血er s m al l p a r c els c o r n p o s e d of t w o ki n d s of g a s e s
,
d ry ai r i n th e l o w e r p a rt an d m oi st ai r in th e

up p e r p a rt 伊ig .
3) A

O n e ty p e of e xp eri r n e n t al e v id e n α in s tlpp O rt Of th is m o d el is al s o s e e n in F ig ･ 2 1 T h e

p h e n o m e n o n th at w at e r v ap o r d e n sity n e a r th e d ry s tlrf a c e s t a rt ed d e c r e a s in g s u d d e nly h th e

m o m m g c a n b e 既pl ai n e d o n d i e b a si s of th is m o d el; th at is
,

th e in s tabili ty n e a r th e s u rf a c e

d e v el o p s v ia l a ri s e i n d i e S u rf a c e t e m p e r at u r e a n d w h e n a cri 也c al state i s r e a c h ed M C J s b u r s t an d

d ry ai r c o nfin e d w i th in th e th in
,
d ry ai r l ay e r s p re a d s t o th e s u r r o u nd in g s ･ N ag ai et al ･ (1 9 9 7)

s h o w e d a n o th e r e x am pl e of s u 血 a p h e n o m e n o n i n w hi c h a s u d d e n in c r e a s e in d l e S u rf a c e w in d

s p e ed a u s cd a s u d d e n d e c r e a s e i n w at e r v ap o r d e n sit y in D S L a s w ell a s in dl e S u rf a c e b o un d a ry

h y e r
,

w hid h s u gg e sts th at th e str o n g w in d d g g e r s 血e b u rs t of M C J a s is e xp e cte d fr o m th e r e s ult

仲) sh o w n ab o v e .

H C J

( C o r e)

H oi s t a i r

D r y ai r

】

1

T S 瓜

S o il s ur f a c e

I)SL

P TZ

F ig ･ 3 ･ S ch e m ai c r ep re s e nta:d o n of a mi c r o
-

c o n v e cti o n m o d el th at d e s c ri b e s th e w ay d r y ai r an d

h u mi dity i n v e r si o n s m ad e at th e s u rf a c e a r e t r an sp o rt ed u p i nt o th 早S u rf a c e b o u n d a r y l ay e r ･

7 ･ C a tlS e a n d effe ct of w at e r v ap o r ad v e c ti o n o v e r d e s e rts

E v e n if ai r m a s s e s c o n did o n ed i n m oist r e gi o n s fl o w in t o a r e a s w id l d ry s u rf a c e s i n d i e

d ay 血 e
,
d i e h mi dity at th e s u rf a c e is s c a r c ely in n u e n c ed b y th e m

,
b e G l u S e th e m l al dif fu si o n

a risi n g fr o m t e m p e r at u r e g r adie nt s r e sists th e fl o w of w at e r v a p o r d ri v e n b y it s d e n sity g r adie n t i n

T S A L a n d it is d ete r m i n ed b y th e m oist u r e c o n did o n s i n th e u p p e r m o s t s oil lay e r s a n d th e s oil

s u rf a c e t e rrIP e r at u r e P e a n d K o b ay a s hi
,
1 9 9 7) . T h u s , th e ai r m a s s e s d o n o t e a s 並y adj u st t o d ry

s o n s u rf a c e s
,

w hi ch m e a JI S th at a d v e d v e e ff e cts of w at e r v ap o r g e n e r at ed in m oist - s u rf a c e a r e a s

( e . g ･
,

o a s e s) wi ll n ot b e eli m in ate d f o r a l o n g dist a n 伐 O V e r d ry
- s u rf a c e a r e a s ( e ･ g ･

,
d e s e rt s)

(K ob a y a s hi et al ･

,
1 99 3) ･ T 山s m ay b e th e m ai n r e a s o n w hy t h e f o r m ati o n of I B L f o r h mi di ty h a s
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n o t b e e n c o n fi r m e d w h e n ai r fl o w s f r o m m oi st a r e a s t o d r y a r e a s . O n
.
th e c o nt r ar y ,

s in c e h u mi dity

j u s t a b o v e th e s u rf a c e i s in c r e a s e d b y th e a d v e c ti o n a n d h e n c e h um idity i n v e rsi o n s a c r o s s th e

s u rf a c e a r e s t r e n gth e n e d , th e h u mi dily in v e r si o n in th e s u rf a c e b o u nd a ry l ay e r wi n b e str e n 釘h e n e d

a s w ell .

8 . C o n cl u di n g r e m ark s

l n d e s e rt a r e a s
,

in th e d ayti m e w h e n th e s u rf a c e te m pe r at u r e i s m u ch high e r th a n th e air

t e m pe r a t u r e , h u m idity at th e s u rf a c e is s m al1 e r th a n th at i n th e s u rf a c e b o u n d a ry h y e r ･ H o w e v e r
,

w at e r v ap o r i s tr an s p o rt e d a g ai n st its d e n sity g r adi e nt b y M C rs
,

w hi c h m e an s th at th e r e i s an o th e r

d ri vi n g f o r c e f o r th e w at e r v a p o r tr an s p o rt b e sid es th e g r adi e nt o f w a王e r v a p o r d e n sity; t h t i s
,
th e

te m p er at u r e g r a die n t ･ T h e r ef o r e
, th e r at e of e v a p o r ad o n 丘o m h o t

,
d ry s oil s Ⅶrfa c e s c a n n ot b e

∝ p r e s s ed b y th e O h m
†
s a n al o g y o r th e b ulk a e r o dy n am i c f o r m u h d o n s

,
b e c a u s e th c s e t e c h niq u es

a r e e x pli citly b a s e d o n th e a s s um pti o n th at th e p r o c e s s i s i s o th er m al . C o n s eq u e n tly ,
it m a y b e s ai d

th at th e r at e of e v ap o r ati o n f r o m h o t
,

d ry s oil s u rf a c e s c a n n ot b e es 丘m ated b y ob s e r v in g

b o u n d a ry
- ai r ll a y e r p r o c e s s es ･ H e an d K o b a y a s hi(1 9 9 7) pr o p o s ed t o u s e a b d k fo r m ul 血o n of th e

w at e r v a:p o r tr a n s p o rt i n D S L w h e r e 也e t e m p e r at u r e g r a di e n t i s t e n s t o h tl n d r e d s ti m e s l e s s th a n i n

T S A L an d its e ff e ct s c a n b e n egl e ct e d ( K o b ay a shi , 1 9 9 3) .

I n d e s e rt a r e a s
,
s oil s u rf a c e s a r e u s u ally d ry an d h e n c e high t e m p e r aQ l r e S ar e d e v el o p ed in th e

d ayti m e ･ T h u s
,

w e c o m e t o a c o n cl u si o n of g r e at in t e r e s t th at d es e rts p r o d u c e d ry ai r ･ It m ay b e

s ai d th at d ry ai r m a k e s d e s e rt s an d d e s ert s th e m s el v e s m a k e d r y ai r
,

w hi ch m e aJI S th at d e s e rts h a v e

an oth e r s elf -i n d u c ti o n e ff e ct i n ad diti o n t o th at s u g g e ste d b y C h a r n e y (19 75) .

Wh e n m oi st ai r fl o w s in t o d e s e rt a r e a s , w at e r v ap o r m a y b e ab s o rb e d b y d ry s oil s u rf a c es h

th e mi gh ui m e ･ H o w e v e r
,
i n th e d ayti m e

, it k e ep s fl o w in g o v e r h oち dry s u rf a c e s f o r a l o n g di st an c e

a n d h u mi dity i n v e r si o n s w in b e d e v el o pe d i n th e s u rf a c e b o u n d a r y l a y er ･ T h e h u mi dity st ru ct u r e in

th e s u rf a c e b o u n d a r y la y e r i n d e s e rt a r e a s i s v ery c o m plic ate d an d fu r th e r s t u dy i s n e e d e d t o cl ari fy
th e d et ail s of th e b e h a vi o r o f w a t e r v ap o r th e r e ･

R ef e r e n c e s

C h a r n e y , J ･ G ･ , 1 9 7 5 : D y n a mi c s of d es e rt s a n d d r o u gh t in th e S a h el . Q u m l . J . R . M e t S o c .

,

1 0 1
,
1 9 3 - 2 0 2 .

H a r a z o n o
,
Y ･

, J ･ S h e n
,
S ･ Li u a n d S

. Li
,
1 9 92 : M i c r o - m e t e o r ol o gi c al c h ar a ct e ri sti c s o f a s an d

d un e i n th e e a st e r n p a rt o f I n n er M o n g o 血
,

C hi n a
,
i n a u t u m n J ･ A g r ･ M e t

,
4 7

,
21 7 - 22 4 . (in

J a p a n e s e wi th E n gl ish s u m m a ry)

H e ･ W ･ an d T ･ K o b a y a s hi
･
1 9 9 7 : A r ati o n al p a r ar n ete ri2 ati o n o f th e e v a p o r ad o n f r o m d ry ,

b a r e

s oil ･ J ･ M e t ･ S o c ･ J L P m 2
, ( s u b mi tt e d) .

H u
, Y ･

,
J ･

- Q ･ W 血g a n d H ･ Z u o
,
1 99 3 :

r

rh e c h a r a c t e ri stic s ab o ut th e w at e r v ap o r tr a n sp o rt ati o n

i n th e s u rf a c e l a y e r o v e r t h e d e s e rt n e a r o a si s ･ P r o c ･ I n t e m ali o '2 al S y m p o ･ o n H E IF E , 3 7 1 -3 7 8 .
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K o b ay a s hi , T , )
E I N a g ai a n d S ･ S hib at a

,
19 9 3 : An o th e r c o ln m e nt O n

”

P e c uli a r d o w n w a rd w at e r

v a p o r fl Ⅷ o v e r G o bi d e s e rt i n th e d ay 血 e
H

･ J ･ M et ･ S o c ･ LT ap a n
,
7 1

,
4 0 7 - 4 11 ･

K ob ay a shi ,
T

･ a nd H ･ N ag ai
,
1 9 95 : M e a s u 血 g th e e v ap o r ati o n 丘o m a s a n d s u rf a c e b y th e d ry

s u rf a c e l ay e r( D S L) m e th o d ･ J I M et ･ S o c ･ J a p n
,
73

,
9 3 7 - 94 5 ･

K o b ay a s hi
,
T . , W . ti e , H . N a g ai a n d K .

A d a chi
,
19 96 : I h s c o n t in uity in d l e V e rd cd p r ofn e of

w at e r v ap o r d e n sity at h ot , d r y s o 皿 s u rf a c e s . I . J 呼 m 7 S o c I H y d ro L & W aLe r R e s o u r ･

,
9

,

4 3 8 - 4 4 3 ･ (i n J ap a n e s e wi th E n glish s u m m ar y)

K ob a y a shi
, T ･

,
W ･ H e an d H ･ N ag ai

,
19 9 7: M e ch mi s m s of e v ap o r a ti o n f r o m d ry ,

b a r e s oil ･

H y d oI . P r o c e s s e s
, ( s tlb m itt ed) I

N ag ai , H . , T . E o b a y a shi an d K . S ah a shi , 1 9 97 : H u mi dity i n v e r si o n a n d th e c o u n te r
-

g r a die nt

fl o w of w at e r v ap o r ob s e rv ed n e a r th e s u rf a c e at th e H EIF E d e s e rt s ta d o n in th e n o r th w e s t of

C hi n a
. J J Lq m S o c . H y d r ol . & W a ねr R e s o u r .

,
1 0

,(in p r e s s) I (i n J ap a n e s e wi th E n glish

s u rr m a ry)
T e s hi m a

,
J . a n d T . K o b ay a shi

,
1 9 97 : M et e o r ol o gi c al fe att J e S n e a r th e s u rf a c e i n K o k o si ri a r e a o f

th e C hig
- T a n g plate a u

,
C hin a . S cL B u ll F a c . A g r

. , K y u s h u U fZi v ･

,
3 - 4

,
1 8 7 - 1 9 6 ･ (in

J ap an e s e w i th E n gl is h s u m m a r y)

W an g ,
J .

1 M . a n d Y . M it s llt a
,
19 9 0: P e c tlli a r d o w zI W a rd w a;t e r v ap o r 伽 Ⅹ o v e r G obi d e s e rt in th e

d ayti m e . J . M e t . S o c . LT a p n
,
6 S

,
3 9 9 - 4 01 ･
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