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Snow/Cloud Discrimination

I. I\ l HOIH CTIO\

The purpose of this  report  was to evaluate all available data Irorn which a pre-

l imin arv  recommendat ion  could he l ade  regarding a fu tu re  sensor on the Defense

Meteorological Satellite Program (D S l S P )  satellite to d i sc r imina te  snow from clouds .

The A i r  Weather Service  has a requirement  to provi ic au tomated snow forecas ts .

Cloud a n d / o r  snow anal yses and forecasts  are l imited due to  the  ambiguous discrim-

ination between snow and clouds from sa te l l i te  imagery.  A snow-cloud d iscr imiri a-

tor on board the  I ) M S P  sa t el l i t e  could remove these l imi t a t ions  and provide u n i q u e

rea l- t ime  data .

2. PRIVIOUS RESEARCH

Most of the  spectral data on clouds and snow avai lable  from the l i terature have

been acquired using different  ins t rumenta t ion  and observational techniques.  A

pre l iminary  report 1 surveyed the l i t e ra ture  and pointed out that a water clou d dis-

plays two strong absorption bands centered at 1.41 and 1.92 ~.tm . The spectrum of

(Received for publication 3 August 1976)

1. Hunt , G. R . • SalI sbury,  .1 . \~~~.. and Bunting. J. T. ( 1974) Distinction Between
Snow and Cloud in DM SP Satellite Imag~~ y. A Preliminary Report .
unpublished, Fourth AFCRL IAWAI SAMSO Satellite Working Group Meeting.
A F C R I . .  Ranscom AFB , Massa chusetts . 15 pp.
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such  a cloud i h s i r ’ e l  f rom s a t e l l i t e  a l t i tudes  wi l l  be I l i s t o r t e l l  p r i m a r i l y  by

a tmospher ic  r’ ater vapor absorption.
Snow also d isp lays  the t w o  strum! molecular vibration hands  seen in the - - p e i t  ra

of liquid water  and w a t e r  vapor  hut s h i f t e d  to longer  wave leng th .  These bands  lie

at a s u f f i c i e n t ly  long wave length  so that  they are distorted re la t ive l y l i t t le  by  atmos-
p h e c i c  v a t e r  v a t  i ibs~~t p t i o n  bands . There are di f ferent  conditions of snow which

vu- l i a s l i u ! i t l v  h f f e r en t  spectra , but al l  have in common a very low ref lec tance  in
t h e  1. 5 to 1. 6 ~in~ spec t r a l  region as well as near 2 .0  tim . Figure 1 shows labora-
tory spectra of snow and a water cloud . E x a m i n a t i o n  of Fi gure  1 ind ica tes  that  in
i m a g e ry  t aken  th rough  a f i l ter  spanning either 1. 5 t o 1. 6 im or 1. 95 to 2 .0 ~i m
spect ra l  ranges , snow wil l  show as a dark part of the scene . By contrast , water

clouds will  rem ain re la t ive ly  bri ght in both these regions , as br ight  as in th ~ v i s i b l e

part of the  spe t rum . Laboratory experiments  to determine spectral  re f lec tance  of

snow in c c l  and near inf rared  were reported by O Brien and ri,lunis . 2 A ‘ vp i i a l

water cloud

Figure 1. Laboratory Spectra
If Snow and a V ater Cloud.

Reflectance is relative for each

drawn to the same scale because
the  absolute reflectance of the
r’ ater cloud spectrum was not
established

curve and the two curves are not

Snow

~ I I I I I I I I
14 lB l B 2 0

_  

A

2. O’Br ien, H. V . and Munis , IL Fl, (1975) Red and Near  In f ra red  Snectral
Reflectance of Snow ERP No. 332. U. S. Army Cold Reg ions ~ esearch and
Engineering Labors~ory, Hanover , New Hampshire . 18 pp.
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spectra l  reflectance for snow relative to a white barium sulfate power is shown in
l:i~~ure 2. The reflectance of snow 19 high in the red end of the visible spectrum
(0 .6  to 0.7 itm i. The re is a rapid decrease in reflectance from 1.1 to 1.5 I rn . The
lowest  r e f l ect an c e  values occur around 1. 5 and 2 . 0 ~m. The l i terature is not

suf f i i i - n t l v  i n f or n t t t i ~ e on a t tempts  to distinguish differences in the reflectances of

snow , c i r rus , and ice clouds . An a r t i f ic ia l  ice cloud displays absorption bands in
the s ame  spec t r a l  regions  of 1.5 to 1.6 ~Lm and 1.95 to 2 .05  glm as does snow . At

1. 5 to 1. 6 tIm , it appears from the l imited data available that ice clouds could be

dis t ingu ished from wate r  clouds on the basis of their  intermediate ref lectance.

Also , it appears like ly  that  ice cloudS wi l l  not display a sa tura ted absorption band

in this reg ion as compared to snow. Both ice clouds and snow would most likely be
saturated in the absorption band in the 1. 95 to 2 . 05 ~m spectral region .

I ‘ I ‘ I I

006 08 0 12 14 16 18 2.0 22 24
WAV ELENGTH (~Affi)

Figure 2 . TypIcal Spectral Reflectance Curve for
Snow (from O’Brien and Munis )2

3. EXPERIMENTAL l) ATA

3.1 Sk y lab Data

The Earth Resources I xper lm ent  Package (EREP )  on Sky lab has provided an
opportunity to examine the refl ectance characteristics of snow and clouds from the
visible to the n e a r - I n f r a r e d  spectral  reg ion. Comple te descri ptions of the Sky lab
EREP sensors and data produ ct s are given in various NASA publicat ions . ~~~ The
n a t o r  effort In th i s  investigation was devoted to the analysis of the following EREP
3. NASA ( 1973 )  Sky lab Eart h Resources Investi gations, Off ice  of Manned Space

Flight /Off ice  of Applicat io ns , 63 pp.
4 , NASA (1 974 ) Skylab Ea rth Resources Data Catalog, Doe. No. JSC -090 16 ,

NASA / L. B. Johnson Space Center, Houston , ‘1~~xas, 359 
pp.7



Senso rs~ (a)  the E R E P  SI 9OA , Multispectral Photographic Camera; lb t  the EREP
S 19011 , t:art h Te r r a in  Camera , and (c )  the EREP S192 Multispectral Scanner .
Photographic index  and Scene Ident i f icat ion Reports 5’6’7 were pub l i sh e d  for the
vario us Skylab M is s ions  by N \ SA  and were used primari l y to ident i f y snow cover
and cloud cover on the  various Skylab EREP passes .

The S192 Mu lt i sn e c t r a l  Scanner contains 13 bands covering the spectral range
from i) ~ 4 to 2 . 35 ~im and 10. 2 to 12. 5 ~m. Twelve of the hands are in the visible
throug h the nea r - in f ra red  portion of the spectrum . The other band is located in the
t h e r m a l  in f ra red .  The spectral range for each band is shown in Table 1. The coni-
c-al scan pattern of the S192 covers a swat h widt h of 68 .5 km and the instantaneous
field of v iew (IFOV) is 79 . 3 m 2 of ground coverage . The S192 data output products
are 70 mm screening fil m . digita l  data on Computer Com patible Tapes (CCT’ s) and
line -s traightened final  f i lm products . The screening film was not intended to be a
hig h q u a l i t y  f i lm , and , depending on the E R E P  Pass , onl y 3 or 4 bands were pro-
cess ed. T he Sky lab data are voluminous (5 sec of data fi l l  I magnetic tape) , and
re la t ively  l i t t le of the voluminous data was processed .

Sl~ 2 screening f i lm s for 17 Sky lab EREP passes were received at AFGL and
analyzed . The majori ty  of data that  were available and received fell into 2 categor-
ies; (a t “ R i i2 ht Scene - Wrong Bands ” and (b) ‘Ri ght Bands - Wrong Scene ” . The
“ Ri ght Scene ’ b e ing snow a n d / o r  cloud cover and the “ Ri ght Bands ” being Band 11
( 1. 55 to 1. 75 pot ) and a band in the visible part of the spectrum .

Comprehensive stud y on the evaluation of Skylab EREP data for mapping snow
cover has been conducted by Barnes et al . 8 The anal ysis of Sl92  imagery and digi-
tal tape data indicates a sharp drop in the reflectance of snow in the near in f ra red .
Snow reflectance was essentially non-reflective in Band 11 (1. 55 to 1.75 pm) and
Band 12 (2. 10 to 2.35 tnn). An exam ple of the marked drop in the reflectance of
snow in the near in f r a red  bands can be seen in Figure 3. S192 imagery over the
snow-covered \.-‘asatch Range in I tah shows the high ref lectance of snow in Band 2
(0.46 to 0.51 pm) on the left part of Figure 3. Band 11 (1 . 55 to 1.75 p01 ) on the
right shows the  low reflectance (essential l y b lack )  in the tear  in f ra red  spectral  range .
5. NASA (1973 ) Sky lab 2 Photographic Index and Scene Ident i f ica t ion ,  Repo rt No.

JL 12-601 . July 1P7 3, NASA I L. B. Johnson Space Center.  Houston, Texa s ,
127 pp.

6. NASA ( 1973)  Skylab 3 Photographic Index and Scene Identif icat ion ,  Report No .
II. 12-602 , t”Xovember l91~3, NASA TI. B. Johnson Space Center,
Houston , Texas , 251 pp.

7 . NASA ( 1974 ) Sky lab 4 Photographic Index and Scene Ident i f ica t ion ,  Report No.
JL 12-603 , June 1974. NASA! L. 13. Johnson Space Center.
Houston . Texas , 335 pp.

8. Barnes , J. C. .  Smallwood , M .D. and Cogan , J. 1 .  ( 1975) Stud y to Develop
Improved Spacecraft  Snow Survey Methods Csing Sky lab EREP Data,
ERT Document No, 04 12F. ~ lnal Report , Contract No. NAS 9 -13305,
Environmental  Research & ‘1 ec-hnology Inc .. Concord , Massachusetts. 92 pp.

8
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1 - i h l e  1 , S 1 1 2 Multispectral Scanner Spectral Bands

Band Description Samp les/Scan Spe ct ra l  R a n g e

V iolet 1240 0.41 to 0.46 ~.Lm

2 V i o l e t - B l u e  1240 0 , 46 to  0 . 51 ~ n1

3 Blue-Green 2480 0. 52 to 0. 56 tInt

4 Green-Y ellow 2480 0. 56 to 0. 61 ~rr

5 Orange-Red 2480 0. 62 to 0. 67 pm
6 Red 2480 0.68 to 0.76 ~m

7 N ea r inf ra red  2480 0.78 to 0.88 pm

8 N ear  in f ra red  1240 0. .98 to 1. 08 j.~m

N eac i n f ra red  1240 1.01 to 1 , 19 pm

10 Mid inf rared  1240 1.20 to 1 . 30 t2m

11 Mid inf rared  2480 1. 55 to  1.75 m

12 Mii l  infrared 2480 2. 10 to 2.35 pm

13 Thermal infrared 2480/ 1240 10.2 to 12.5 tIni

___________________ • .•~~~~~~~~~~~~ 
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Figure 3. S1’2 Imagery Over Snow-covered ~Va satch Range in t a i t .
Band 2 (0.46 to 0. 51 tim I on the  left  shows the  hi gh r e f l e ctan ce of
snow in the  violet-blue spectral range. Band 11 (1.55 ~m to 1.75 Jim )
on the  right shoa -, the low or absence of reflectance in the near-
infrared spectral range. FilE 1’ Pass 5, 5 june 1973 (from Barnes
et al) 8 
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5102 imagery from EFtI- P Pass 37, 13 September 1973 taken over the ~~ind

R iver Range in \V yon I i n c .  is shown i n F igure 4 . The differe nces in the reflectance

cha racte r i s t i c s  for snow , ice , and wa te r  clouds in Band 7 0 . 78 to 0. 88 JIm ) on the

c di , and Band 11 ( 1 .55 to 1, 75 p m)  on the r i g ht can be seen . Snow in band 7

0~ 78 to 0. 88 tim ) in the l e f t  s highly ~efI ect ive , w hereas in Band 1 1 ( 1 . 55 to 1. 75 J i m)

it js non-ref l’-ct ive or black. Just north of the snow covered mountains is a station-

arv f r o n t a l  sv s ien i .  The c i r rus  or ice d o n  Is a ssoc ia ted  with th i s  system is hig hl y
r ef l - - t i v e  in Rand  7 (0. 78 to 0. 88 t Im)  on the left , w hereas in Band 11 (1 .55  to

1.75 ji r . the  c i r rus  or ice clouds exhibit a sharp decrease in reflectance . This

decrease in Band 11 ( 1.55  to 1 . 75 J I m )  is seen as gray when compa rc I w i t h  the
“b lackness ” of snow in this  hand. In the  upper portion of Figure  4. the cumul i fo rm

or w a te r  clouds remain  bri ght in both bands .
On F R E P  Pass 20 , 12 August 1-173 , taken over the Gulf of Mexico in the vicinity

of I lrownsvil le , Texas , the di f ference  in ref lectance of ice and water  clouds is

shown in Figure 5. Both the large , tall  cumulus clouds with ice crystal tops and

the  smal l  cumuluS water clouds are highly reflect ive in Band 7 (0 .78 to 0. 88 pm)  on

the l e ft . The large clouds wi th  ice crysta l  tops , which  cover m ost of the  area ,

ex h i t  a sharp  decrease  in reflectance in Band 11 (1 . 55 to 1.75 pm) where they

appear g r ay  in the imagery.  The small cumuli or water clouds located under and

to the  side of the large cumulus clouds remain hig hl y reflective. This change in

the ref lectance characteristics between ice and water clouds in the visible and near

inf ra red  spectrum can be used in cloud phase , (ice or water) discrimination.

Similar results were observed on EREP Pass 98 , 1 February 1974 , in an area

in the vicini ty of \ V a l k e r  Lake in r~evada . The snow exhibits a sharp decrease in

reflectance in Band 11 , whereas the water  clouds remain highl y reflective. A typi-

cal S 1 14 2 r ad iance  profile for Bands 6 and 11 for snow cover and for clouds on EREP

Pass 98 is shown in Figures 6 and 7 , The rau iance values were obtained from pro-

cessing the di gita l  data from the S 192 Computer Compatible Tapes. Band 6 (0. 68 to

0. 7 6  Jim ) in the red part of the visible spectrum is saturated at a radiance value

equal to 1.46 x io 2 mw rm 2 ster~~ Jim 1
. Band 6 (0 .68 to 0. 76 Irn ) is comp lete-

l y saturated for bot h snow cover ( 1- i gure  6) and clouds (Figure 7) .  This sa tu ra t ion

In ‘he dig i t a l  data indicates  a hig h re f lec tance  in the v is ib le  part of the spec t rum .

10
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Fig ur e  4 . S 1 2  I n i ~~g er y  Front ER E P  1’ass 37 , 13 ~ * p t e I i i h e r  1 7 3 . a) Hand 7
(0 . 78 to 0, 88 gin ) and h) Band 11 ( 1 . 55 to 1 . 75 g i n ) . \ r ea  overed is the
‘A m l  R i v e r  R a n g e  in ‘A vom ing .  ( I )  snow , ( 2 )  c i r r u s  or U-I ’  ‘ r~ ci ii  c louds .
and ( 3 )  w a t e r  b uds
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a) b)

I- i~’i m r e  Ii . 51 92 ln la i .l ccv  f rom [Rf 1’ I’as— 4 , 12 \ i I ~ u st  1l~7’, a t  Band  7
(0,7)1 to 0.88 gun) and hi Band 11 (1. ill to 1 .75 i i  4 . - \r ea - o v c c c - I  is
I iml f of \~e~ i 0 , N o t e  the  re f le t a n -  c cha ri .je i n l i e  i - clouds w h er e a s  t h e
t h e  wa te r  clouds Jo r i o t  —~hoa no ich  cha i - ‘ -  in
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Figure 6. S192 Mea sure d R adiance Profile v s
Spe ctral Band for Snow Cover EREP Pass 98 ,
1 February 1974 , Scanline 640

In the near infrared portion of the spectrum , Band 11 (1.55 to 1.75 pm ) is saturated

at a radiance value equal to 4.95 x I0~~ mw cm 2 ster fl 
p.m The radiance

values are much lower in the case of snow in Band 11 (1.55 to 1.75 gL m) .  Generally,
the values range from 1. 25 to about 5. 25 x l0~~ . These radi ance values represent
digital counts of 8 to 28 compared to 255 counts for saturation in Band 11. If 255

counts represents whi te , m e n  counts of 8 to 28 would show black on Sl92 imagery.
The mean snow ratio for Band 6/Band 11 is 53,66 ± 24 .38. In the case of clouds .
the radiance values are much higher. The values range from 1. 5 to 3. 25 x 10~~ mw
cm 2 ster~~ pm~~~. These radiance values represent digital counds of 78 to 168,

which would show a relatively high reflectance in Band 11. The mean cloud ratio

fo r Band 6/Band I l l s  5. 47 ± 0.79. These are in agreement with  Allshouse9 who
used data f rom the Skylab F R E P  S19 1 Infrared Spectrom eter Experiment. Using the

9, A lj shouse , J .C. ( 1976) Some Results from a Skylab Cloud Physical Properties
I nvest igation, International Conference on Cloud Physics , : 26-30 July 197 6,
Boulder , Co1or ado , A MS , Boston , Massachusetts ,

13
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Figure 7 . S192 l~-lea sured Radiance Profiles
vs Spectral Band f or Clouds . ER E P Pass 98 .
1 Feb ruary 1974 , Sca n Li ne 322

rati o of i n t e n s i t y  at 0. 754 to 1. 61 p.m for snow , the  values range from 25.8 to 61.2:
for  coas ta l  s t ra tus , the val ues range from 6. 8 to 8. 5~ and for one case of cirrus,
the value  was 18.3. Thus , the ratio I (0 . 754 )/ 1( 1 . 61) appears to provide a way  of
d i scr i m i n a t i ng  among snow cover , ice , and water  clouds .

I. (XThCl. t SIO~~S

Anal ysis of pairs of Sky lab EREP Sl92 imagery, one set in  the visible spectrum
and one set in the near infrared , shows marked differences in the  characterist ic
reflecta nces of snow , wa ter clouds , and ice clouds in the two bands . While all three
sce nes have high values of reflectance in the visible spectrum , the i r  reflectances in
the near infrared (Skylab Band 11, 1.55 to 1 . 75 g i m )  range front high (water clouds ) ,
to medi um (ice clouds) to very low (Snow) . This difference , which would be reflected
in t he ratios of the reflectance In Band 6 (0. 68 to 0.78 gun )  to that in Band 11 , could

14
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be the basis fo r an aut omatic procedure which distInguishes among the three differ-
ent scenes , Based on these data , t he ideal band pass for snow/cloud discr iminat ion
would start at 1.5 p .m and extend to a wavelengt h no longer than necessary to pro-
vide sufficient energy on the detector.

15
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