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Sunmary

During the last 6 nonths, substantial progress was nade on
formulating the Al gorithm Theoretical Basis Docunent (ATBD)
and plans for the algorithm validation. The first round of
the ATBD review process was conpleted. SiX presentations
were made dealing with the MODI'S snow al gorithm at
scientific meetings, and 4 papers were €ither submtted for
publication or/and conpl eted.

A neeting was held at NOAA/NESDI S to discuss the current
nmet hods being used to nmap snow using NCAA data for MODI S

devel opnent of the Northern Hem sphere weekly maps.
investigators nmet with the Interactive Processes Branch at

the Wrld Wather 3uilding in Canp Springs, M.

The prototype SNOVAP, the algorithm devel oped to map gl obal
snow cover using MDD S data, has been applied to scenes in
@ acier National Park, Mntana, along with digital elevation
model (DEM dat a. Wth the addition of DEM data, we found
that there was up to5 tinmes more snow covered area Mapped

than when satellite data were used alone. A nodel was
devel oped to account for snow on the slopes of nobuntains.

Topographi ¢ effects of snow-cover mapping on the gl obal

scale will be investigated as part of the error analysis of
the SNOVAP algorithm A global DEM has been acquired.

SNOVAP has been refined to map snow nore accurately in the

Sierra Nevadas (relative to a validated snow nap) by using
Landsat TM refl ectances versus digital nunbers.

ICEMRP, the algocrithm uncder development to map sea 1Ce, 1S
mathematically very similar to SNOMAP at this time. ICZIMARP
rzs been tested on several Landsat TM scenes. However,
vazlicdation of the ICEMAP zlgorithm has nect yet Dbeen
attempted. A search for additionazl TM scenes tThat contaln
sza 1ce 1s cngoing Aprroximately 10 sui;able scenes have
been located and some of those will be crcered socn
Simultaneously-accuired AVERR and SSMI scenes of sncw cover
rzve been located of North Zrerica for the geriod Z1-3
Saznuary 19§8. Ccmpariscn allcws determinaticn of the snow
line which compares well in the tTwO data sets.

z Task Cobiectives

The primary coiective ¢f the MIDIS snow wors 1s TC Zeve_op,
test and validate algoriTims TREaT wWill e U522 T Téap snow
zard cea ice ccver clcially, using MUIDIS ca_lziratecd
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radiances . Additionally, other snowpack properties wll be
studied in order to inprove our understanding of snowpack
energy bal ance. Concurrent with the devel opnment of an
algorithmto map snow using MODIS data, algorithnms to map
snow gl obally using passive-m crowave data are being
validated and plans are being formulated to conbine visible,
near-infrared and passive-m crowave data to optimze snow
mappi ng and mapping of snow reflectance and water

equi val ent. A product conbining visible, near-infrared and
passi ve-m crowave data is anticipated to be a post-Ilaunch
product .

B. and C. Wik Acconplished and Data Analysis

4., A meeting was

NORA/NESDIS Meeting held on 30 June 188
neid zc the World Weather =2uilding in Camp Sgrincs, Maryland
with MODIS investigators (D. Hall, J. Foster and G

Ri ggs/ RDC) and the head of the Interactive Processes Branch
(M""Mat son) and sone Interactive Processes Branch nenbers.
Thne purpose of the neeting was to discuss the current status
and expected inprovenents of the Northern Hem sphere weekly
snow charts product, and plans for MO S/ snow cover

al gorithm devel opnent. Areas of collaboration were

di scussed. It was nentioned that our algorithm devel opnent
may be useful for inproving the NESDI S product when the next
AVHRR sensor is |aunched because it will have a band capable

of discrimnating snow and cl ouds.

Error analysis of SNOMAP (D. Hall, G. Riggs/®DC). SNOMAP is
tne alcoritnm that is under development to maD snow using
Thematic mapper (TM) and, eventually, MODIS data (kppendix
I). Znalysis of the results cf the SNOMAP algorithm zpplied
70 a 14 March 1991 TM scene covering Glacier Nationegl Park,
Montana reveals that the use ¢of reflectances calculated from
the TM digital numbers (DNs) increases the mezsured snow-
covered area by about 10 percent, relative to when digital
numbers were used as input to SNCMRP. Field work done at
the time of acguisition of the 14 March 1881 TM scene
reveals that the amount ¢ snow mepped using the
reflectances versus the DNs is mcre realistic. Accuracy was
z2lso found to increase wnen reflectences (versus digiteal
~umbers) were used To map snow ¢n the 10 May 1882 TM scene,
covering vart of the Sierra Nevada Mcuntains, that heas Dbeen
vzlidzted previously by W. Rocenthal/UCS3 Z parer that
decscripes the SNCOMAP algcrithm and plans for future
zlgorithm develcpment and errcr analysis of SNOMRZ 1a The
Tre-lzunch time frame has keen vrepzred and will e
curmizzed to RBemete Sensing of Zovircoment Zuring Rugust of
R4

L-zlvsis of EZrrcrs in Mzpoince Sncw-Ccovered XZrea <Sue TO
~cvocrzehy (D. Hall) Signifiicant €rrxCrs i METLIngT sncw
zre innerent Ln mountalincus areas 1f satellize data are usec
z.cne (L.e lthouT Tonograpnic Zdetel Tnis -s receice z



satellite inmage depicts any surface as being flat Wit hout
t opogr aphi ¢ i nformati on, tthe TM data, used gal one, are quite
good at mapping snow InN non—forested areas that are
relatively flat. In areas of high relief, however, the
actual amount of snow nay be 5 tinmes (or_nore reat

! e
';he amount mapped using TM data al one.( T a8 G Er ot 12
rom anal ysis of TMDEM registered data in a portion of
(?aCi er National Park. A Sinple nodel was de\F/)eI oped to
escribe the relationship between ruggedness of terraij

( in

accuracy of SNOVAP results, A correction factor can be and
applied to areas of rugged terrain to ilr\T/Prove t he
measurements of snow cover When using TM data alone.  The

results of this work were presented by D. Hall at the Third
G rcunpol ar Conference on Renote itansi(ng E %c j C

Envi ronnents, held in Fairbanks, aska, i May 1994, a
paper was al so prepared (Appendix I1).

MODIS/BOREAS Experiment (A. Chang, D. Hall and J. Foster) .
During the week of February ¢, 904, tThe winter part of che
BOREAS experiment was held in S skatchewan. D. fall, A.
Chang, J. Foster of Code 974 an G. Liston/USRA went to the
site to do snow measurements in suppcrt of the 30REAS/MODIS
snow projects. Passive-microwave sSensors were flown on a
Canadian Twin Otter, and there was an ER-2 overflight with
the MODIS Airborne Simulator (MAS). The snow conditions
were good and temperatures were Very cold (dcwn to -40° Q).
Passive-microwave data are currently being processed. MAS
data have been processed and at least 10 of the 22 flight
lines are good. However, only 2 of those 10 flight lines
were flown cover the BOREAS test sites.

L w2

m

i

ot

Preliminary results of the analysis of the BRCRZAS MAS data
show that some snow can be mapped underneath thin, cirrus
clouds. However, most cf the snow, kncwn to be continuous,
is not mapped because the forest cover is so dense that the
tree canopy obliterztes the sicw beneath the trees Another
interesting feature of the MAS cdata is that there zre
distinctly-different sicgnatures frcm +he sncow on tep of the
frozen lakes. These signatures are cnly present 1n the
stort-wave infrared data % rreliminary explanation for the
different signatures on the lzkes 1s that tThe sncw on the
lzkes in differernt parts of the lekes had different grain
sizes. This is currently under investigatiocn

NDVI and forest density (J. rcster D. Zall/%74) in
culy in Durasiz, nich NOVI val a T.Cn larcer area
than they do for KXorth Ekmerics ver, much more of the
snocw mass in the bereal Icrest -rzsia is accounted Icr
veing microwave rzdicmetry Than 18 The Ccase -n the Ncrth
kmerican boreal Ifcrest ~mig ig =ne converse oI what is
expected if NDVI were strict.y & Teasure cf wvegetaticn
density. Recause c¢i the abcve CCnCerns, tm~e NOVI fcr the
month of Octcbher was also examined tTo see 1iZ ~nis mcnIh's
NDVI values were more clcsely related To Icrest density.



Cctober is used as a surrogate for winter NDVI since at this
time of year, and for boreal forest |atitudes, deciduous

pl ants have shed their |eaves and chl orophyl | production has
virtually stopped.

In October as in July, the overall NDVI values are higher in
the boreal forest of Eurasia than they are in the boreal
forest of North America. Wile it is not yet clear if the
hi gher NDVI values result from greater piopass, greater ,
crown closure or nore rigorous 9rowh of the understory, it
is evident that this index_js hot a useful indicator of

fractional forest cover. Thus the NDVI, by itself, should
not be used as an additional input to the Chang et al.
snow m crowave al gorithm (Appendix I11).

The normalized difference vegetation index (NDVI) was

calcul ated for the 14 March 1991 TM scene covering d acier
Nat i onal Park. The results show that the areas having the
hi ghest NDVIs are areas "Where less snowis mapped by

These are areas known to be snow covered as determ ned from
field work. The high tree canopy density obliterates the
snow bel ow. There is potentially >10 percent nore show

cover (under the trees) in thjs scene than is nagped using
SNOVAP. I nvesyi gation” of various techniques to tenpt t

map nore of the snow underneath the trees is being
undert aken.

Qobal  Snow dassification (G Listen/Us-), A global .
i npl enentation of Matthew Sturm S (LoId Regions Research @I
Engineering Laboratory, Fairbanks, Alaska) sncw-

classification scheme is under development. The objgctive
is to identify, based on common climatologiczl va;iac}es and
vegetation type, where the different sncw types will be
found around the world. To do this we are using the highest
resolution global data sets availeble. This in;ludgs a
0.5° X 0.5° gridded data set oI observed precipitaticn and
surface air temperature menthly mean climatclogies (vp to §O
years), and a 1° X 1° gridded vegetation typs date set. Of
the 33 vegetation categories, the cata were restructured
irto 4 general surfzce classes: (1) water; (2) Iforest agd
woodland (i.e., tall); (3) shrubland, grassland, and tundra
(i.e., short); and (4) ice. These crecipitezicn, air
remperature, and vegetation data sets were cast ¢ commen
crids. Tre concert of a cooling degree mentnh was irnTroduced
ard used to cenerate a cenerzl index of integrated winter
semperatures and precipitaticon. The resulting TEmperature,
creciciteticn, znd vegcetaticn data heve pesn used in
com-unction wiz=nh Sturm's snow classificaticn scrneme IO

co*d ate glckal cistributions ¢©f varicous sSnCw LYReSs, ‘

: iding tundre, alpine, taice, prairie, maritime, &anc
eprrern eral




Mbdeling Local Advection of Munentum Heat, and nojsture
during the nelt of Patchy Snow Covers (den Liston) . A
nuneri cal atnospheric boundary |ayer nodel, based on

hi gher —order turbul ence closure assunptions has been
devel oped and used to sinulate the local advection of
nmoment um heat, and noisture during the nelt of patchy snow
covers. The coupl ed nodel includes solution of the nass
continuity equation, the horizontal and vertical nomentum
equations, an E-epsilon turbul ence nodel, an energy
equation, and a water vapor conservation equation.

At nospheric buoyancy is accounted for, and a |and-surface
energy balance nodel is inplenented at the |ower boundary.

Model integrations indicate that snownelt processes
occ,urrin% at mcro and |ocal, scales p]i:oduce significant
variations in local surface fluxes. he nelt €nergy Is
found to increase in a largely-linear fasi_?_ihon a tthe .
fracti onal snow-covered area increases. e relationship
bet ween available melt €nergy and total snowcovered area is
nearly invariant with the size of Snow patches conprising

t he snow cover. The sinmulations suggest that, for the
purposes of conputing areally-averaged surface fluxes from
gri d-averaged atnmospheric forcing, the subgrid-scale spatial
variability of snow cover in regdional and global |and-

at nosphere interaction nodels can be included wth know edge
of the grid fraction covered by snow (Appendix IV)

AVHRR and SSMI Comparison for Assessment of Snow—Covered.
Zrea. Both AVERR 4-km GAC and SSMI 30-km cata were agqu1red
for the time period 21-30 January 1?88 for Sorth America:
The Chang et al. algorithm weas zpplied to the SSM; data a?d
the snow-covered area was determined on the SSMI cata. It
was very difficult to determine sncw-covered area on the
AVHRR data because of the similarity in spectral‘51gna§ure
of clouds and snow. The only way that we could determine
cnow line was to develop a film locp of
~e £ilm loop showed that the clouds moved
znd the snow line remained stationary over the 10—d§y ﬂ
period. The position c¢f the snow line, thus Ccetermined,

wit + e ST £ +he =pele) 1"" =
compared very well with the pcsiticn Oor the sSnow lire zs

- - - - - .- - - e - . -
seen ¢n the SSMI catea ~re Two cata sets were registered
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be considered to be ready for the mission. Determination of
the feasibility of preparing the sensors for a mssion is
currently being undertaken jointly between Cede 974 (Dorothy
Hall and Al Chang) and Code 971 (Don Cavalieri) and Code 972
(Dave Cem

MAS data have been requested to be acquired during the
spring of 1995 as part of the above-nentioned snow and sea
i ce mssion.

TM/DEM Analysis of Snow-Covered Areas. During the next few
mocnths, error analysis using DEM data will cceatinue. We

have begun collaborating with Dr. Tom Carroll of
NOAA/NOERSC. Initial studies are focusing on atcempts toO
improve their measurements of snow-covered arez using AVHRR

as developed

F

and DEM data using the Hall et al. model that
using TM data of Glacier National Park.

ICIMAP. More work will be dcne to develcp ICZMARZ. About 10
suitaple TM scenes of sea ice have been identified and will
be ordered when an arrangement can be made TO purchase them
2t a reasonable price. The cost of some of the TM data will
drop dramatically in July and more in October 1524 and we
plan to order the sea ice data after that Li-e to take
advantage of lower prices.

Spectral-mixture modeling may be & viable way IO mep sea
ice. This is being investigated by G. Riggs/RDC.

\ZWHERR/SSMI Comparison. -ne comparison of simultanecusly-
accuired AVERR and SSMI data will continue. Several wvu-
U*chS have been developed that will be suizzaple fcr use in
upcoming presentations. 2lso, a f£ilm loop has been made of
a 10-day period in January (21-30) of 1988 wnich allows the
sevaration of clouds and snow because the mcvement ci the
cicuds is visible in the locped deata, and the snow line
remains steticnary

Srzsentaticns znd Tepers

rregentaticns.

1 Jim Foster/%74 cresented a paprer entitled
"Intercemparison ¢ snow cover and sSnow mass I Nortih
Lmarica from Generzl Circulaticn Mocdels and remgte sensing”
g~ The American Matecrolocical Sccelety meeting In Nashville,
T cn January 26, 1924,

Z Derethy Zall presented & seminar at the Zyrd fooar
Rzzearch Center in Cclumrus, Cnic oo Tepruary 23, 184, carc
¢ which dealt with snow mepping and the Ifuzure rcle of

v
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3. Dorothy Hall gave a talk to GO P, and GEVEX office
managers (at GSFC) on the devel opnment of the MODIS snow

mappi ng al gorithm on March 30, 1994.

4, Dorothy Hall nade a presentation entitled “Devel oprment
of the MODI S/ Snow Mapping Al gorithm and Error Analysis, at
the MODIS Team Meeting May 4, 1994, in Geenbelt, Maryl and.

5. Dorothy Hall gave a presentation on the MODIS Snow and

Sea lce Algorithns at the ATBD review May 10, 1994, in
Landover , Maryl and.

6 Dorothy Hall presepted . paner Ritihhed; o D5t eorkoat| on
nmodel data in dacier National Park, Mntana,” at the Third

G rcumpol ar Conference on Renote Sensing of Arctic
Envi ronnments," in Fairbanks, Al aska on y 18, 1994.

Abstract s/ Papers.

1) A paper entitled, “lInterconparison of snow cover and
snow mass in North America from general circulation nodels
and renote sensing by Jim Foster et al. (See Appendix for
aut hor shi p) was published in the
Conference on Cinmate Variations (Appendix I11)

i “Determ nati on of actual snow cover
g)si né FI)_asll%(:f‘Jrsat(:"m'l'll\}[lIa(:"ndd digital elevation nodel data in_ d acier

Nati onal Park, Montana," by D K Hall, J.L. Foster, :
Chien and G Riggs, Was submtted to the Polar Record which
w Il publish a special issue of papers from the Third
Circunpol ar Conference on Renote Sensing of Arctic
Environnents, after peer review (Appendix II).

3) A paper entitled_"“A snow index for the Landsat Thenmatic
Mapper and Moder at e Resol uti on | magi ng Spectroradi oneter, *

by G A %%s D.K. Hall and V.V. Salonpnson, was Submtted
to the | GARSS '94 synposium to be held in August in

Pasadena, CA (Appendix 1).

!

4) G. Listcon/USRA submitted an paper to trne “enth
Irterrnaticnal Northern Rasins Research Symp:sium EJ? .
Werkshop, Spitsbergen, Norway, 28 ARugust - 3 September 1554
Tre vaper erntitled "2 microclimate model fcor ncrthern
aolecétio:s," will pe rresented py G. Listcn &t the
mesTing



