
.GREENHOUSE EFFECT' AND OTHER REI'LB,C1'IONS ON
SATELLITE IN'ÍAGERY

B \  (  . I : r o o R

I?rttal \ t thtr lunh \ l( , t .oft)h)c uI ln\t i tutt , ,  I)r ,  Bi l t  I fu , \Ltfurlandt

A  \ i \ i h l c  l i ! h l  f r . l u r c  f r , , n r  . r  $ee the r  \ i r t c l l r t  . on t r rn \  n ( Í h rng  bu l  \ un i i sh l
- f _ \ r c l l ca t ! ! l  l r r  e l L ,u t l r  o r  b \  l hc  . . r f t h  \  \ u r f i r cc  \ . \ r r l he le \ \ .  l n ( )n ra lou \ l \ - \ t r ons
r t l l c c t i ( ) ns  r r f  sunhgh t  i r o rn  t hc  ea r th  s  su r tuce  can  \ omc t rme \  c i t \ i l \  bc  l n i s t l l cn  l ( ) r
no rm i l l  c l oud \  on  \ u t c l l r l e  im i rgc r \ .  I n  s r r ch  c r r ses  i t  i r  po rs i h l c  t ( r  d i \ t l n f u i \ h  hc l \ \ c rn
c louds  rnd  re Í i L ' r t r ( ) n \  on l r  h r  c r rmpu r i son  * i t h  i n f r . i r e r l  l l c l L l r e \  l akeo  a l  t hc  \ l lmc
l i ne .  Fu r thc r .  l ] n ( )mu l ( Ju \ l \  \ l r ( ) ng  r c f l ea l l on \  f r om c loud r  c l t n  caL l sc  l t n  r Í r ( )  c ( ) r . r :
c \ t i n 1 r ( l o n  ( ) ï  r l ( r u d  t \  p t ]  I h ! ' r c i l c c t r ( )  \ o c c u r , , r h e n l h c l i n c o l \ i { h t ( ) l - t h r \ l j n s ( ) r l l 0 \
r n  t hc  p l une  o i  l hc  l nc rL len t  i r nd  re t l c c t c (1  so l r r  bcun rs  i r n ( l  t he  e le \u l r ( ) r l  o l  l hc  su te l l i t c
r \  cq rL l r l  t o  t ha  \ o l l r r  e l e \a t l ( ) n  The  r i t ua t ron  i \  t hcn  ronduc rve  t ( J  l r  r n i r r ( ) r - l i ke
ref lect ion. i i  therc is a hjgh Íct lcct ivc \ubstance hetween lhe sLrD itnLl thc srlcl l t tc at a
l oca t i on  ca l l ed  t he  \ pecu la r  f o i n t .  l \ Í o r c  de ta i l s  on  hnd ing  t hc  su  s  spc ' cu l i r r  I ' , t n l  , l c
! r ! en  bv  I  \ u i  r nd  l i e t l  (  19E0)

Thc  r ro r l  con rn ron  1 ) l  t hc \e  r c l l ec t i ( ) n \  scen  i n  sa t c l l i t c  imagc r r  i s  sun  ! l i n t  .  l l
bnght aÍca {)\eÍ a sea or occan caused hv rcl lcctton from the \\ 'atcr surface. (^nder\on
t l l d  Vc l t i shche \  l ( ) l i .  Fe r t  l t ) 19 ) .  F i g  )  l r r c .  , r n  u \ . r n t I l (  , , t  \Un  - r l r Í l t  I n  t he  ( ; u l f  ( ) f
( i dansk .  l s  \ ee r  h \  NO? \ . \  S  L rn  l l  . l unc  l 9 i i l . 0 j 5 l ( i \ 1 r .  l - ( Ju r  o thc r .  mo re  ra re



Fis. I NOAA 8, pass 1232,23 June 1983,0751 curvisible-Iight picture with sunglint in the Gulf
" 

of Gdansk aid reflections in lakes and rivers

reflections are seen in Figs. 1 and 2. The vertical streak of light in Fig. 1 extending

southward over Poland fróm the coast of the Gulf of Gdansk is caused by reflections of

sunlight from the many rivers and lakes in that area. The exact brightness and shape of

the sun glint is affected by the state (waviness) of the water surface.
In order to be able to distinguish between reflections and clouds, the infrared (IR)

picture that corresponds with Fig. 2 is given as Fig. 3. Both were made by NOAA 8 on

7 June 1983, 0839-The most striking difference in suggested cloud cover is associated

with a bright spot on Fig. 2 extending from the south edge of the Ijsselmeer in the

direction óf Antwerp. As a cloud deck of the same size and shape cannot be seen on

the IR picture, one could be ihclined to interpret the bright spot as thick low clouds

whose iemperature is about the same as that of the surface below. However, the

synoptic reports of the stations within the bright spot region (06265,06260 and 06350)

L



Fis,. 2 NOAA 8, pass 1006, 7 June 1983,0839 curvisible-light p.icure with subsun over the" 
Netherlands,' r'eflections on sand' bars and the 'greenhouse'effect'

Photograph courtesy University of Dundee

Photograph courtesy University of Dundee
Fig. 3 IR picture (Channel 4) corresponding with Fig. 2



do not mentic'rn any low clouds; these stat ions only report high cirrus at 0800 and 0900.

This is in accordance with the IR picture. which shows a band of cirrus, directed from

north-west to south-east. over the middle and the south sections of the Netherlands. In

fact. the bright cloud-l ike area over the Netherlands is caused by a ref lect ion in the

ice-crystals of cirrus clouds. The ref lect ion occurs mainly in f lat plate crystals thin

hexagonal ice-crystals that tend to fal l  with the f lat hexagonal bases oriented nearlv

horizontal ly. The ref lect ion is anomalously bright, because in this sun-satel l i te con-

f iguration the horizontal faces of the ice-crystals act as common mirrors. This

ref lect ion, known as a subsun, is often seen from airplanes (Minnaert 1954. Tricker

1979, Greenler l9U0)l i ts appearance on satel l i te imagery was discussed by Kónnen

and Zwarr (197-5). Since the bright spot on the visible-l ight picture is larger than the

area where cirrus can be expected from what is seen on the IR picture. at least a part of

the cirrus that ref lects the sunl ight must be so thin that i t  can not be detected with the

he lp  o f  th is  IR  p ic tu re .
Another area of anomalous ref lect ion is over the Waddenzee. between the Dutch

North Sea Islands and the main part of the country and the l jsselmeer. The shapes of

these Í ict i t ious 'cloucls'  are very much l ike the shapes of the sand bars in this area

(Balgzand, Griend. Friese Wad and Others). At low t ide these sand bars become

exposed above the water level. ' Ihe ref lect ivi ty ofthese exposed sand bars. when near

to the sun's specular point. proves to be verv high. ancl the ref lect ion of Fig. 2 results.

A  th i rd  smal l -sca le  c loud- l i ke  fea ture  on  F ig .  2  i s  found over  land near  the  Dutch

Nor th  Sea coas t ,  ius t  nor th  o f  the  'N ieuwe Waterweg 'channe l ,  somewhat  le f t  o f  the

middle of the subsun. Í{crc the bright area is also causcd by a ref lect ion. which we wil l

cal l  the 'greenhouse-effect ' .  for the ref lect ion gccurs in a region of abundant green-

houses (Westland) and is caused b,v their glass roofs.
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