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"I. Summary of Acccnmplishaments

T NASA Grant NSG-51S5E5, "Remote Sensing Applicaticns to
Hydrclcgic Modeliny in the Southern Sierra Hevada and
Porticns of the San Jocaguin Valley," was part of a joint
US-USSR cooperative project. In addition, the project
SUppcrted sork tcwards the develcrment of an energy balance
snowgelt mcdel for the =outhern Sierra Nevada. .

1. In sSufpcrt cf the U&-USSR exchanye, ué have
prepared twc dccuments.

a. A geographical descriptica of the
southern Sierra Nevada/San Joaguin Valley
test site was sent ta the NASA Techn;cal
Monitor in June 13977.

b. A preliminary description of the
Soviet test site, the Fergana Valley, was
sent tu the NAS2 Technical Monitor in April
197..5 In August 1977 se received a
translation of the Russian descriyticn of the
Fergara area, and «e have updated our
original descripticn tc include this new .o
material. This versicn is included as
chaptet VI cf this regcrt.

2. #e have alsc zade scme steps toward the
development of an energy balance snowmelt model for
large kasins. This werk will be supported in the
future by NASA Grant NSG-5062, NCAA, and the
Upniversity of California Water Resources Center.
Therefore we have devcted mcst of our resources this
winter to maintenance of the data collectacn
Frograms, rather than tc develcopment of the models.

a. We nave extended a surface climate
simulation model cver cugyed terrain, and
have tested it with socil temperature data
frca an area in the Wrarjgell Mcuntains,
Alaska. These data were the mast extensive
we could find fcr 4 mountainous area. A
paper cn "An Aprroach toward tZnergy Balance

. Simulation over ERugged Terrain" has been
sabmitted for publicatien, and is included as
Appendix 1 of this repcrt.

. .b. #We have made proyress toward the
develcgment ci a tcpcgra phic spectral solar
~radiaticn wodel, cspecially designed for-
snowmelt mcdellng. These efforts are
descrited in »hakter II, and the data
coclliected are in Arpendix 2.

C. %c have made progress toward
determination of sunow reflectance tronm.
lLandsat data. These effccts are described in
charter III.




4, Cur prcgress tcward a topographic
lcnguwave radiaticn mcdel is described in
chapter IV, and the data ccllected are in
Appendix 3. : o

e. Cur investigaticns into snow-soil
heat and moisture flcw in the scuthern ‘Sierra
are described in chapter V. Data collected
toward this effcrt are in Appendix 4. 7
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II. Development cf a Topoyraphic Solar
Radiatica Algorithn fnc Snowaelt Modeling

In high, mountainous areas wlth sSparse vege+atlcn, a
majocr sourcce of energy for sncw setawcrphisa and melt is
inccring solar radiation. ‘In such enviroaments melt can take
place at lcw temperatures, even telcw freeziny, and
conventicnal index spowmelt mcdel= Bay perform kadly.

Because cf the charactez;;tlcs of snow and of
mountainous terrain, a bOldC radlatxon alyoritha sibculd have

the fcllcwing attributes: |

Q\ 1« It should be spedttal, because of the
) variation of snow reflectance with wavelength.

2. It shculd account for radiaticn 'variaticas
due tc slope, exposure, aad hcerizoans,

3. It should include calculaticns for radlatzon
reflected frca adjacent terrain.

4. It should te akle to make estimates cf the
required atmosgheric attenuation parameters frem a
limited set of xeasurements.

5. It shculd prcvide £cr attenuation by clouds.
-w6-, It should be comgutatlonally economical.

Thus far our wcrk ha< been entirely on a clear-sky
versicn of a solar radiaticn wodel. For clear-aky conditicns
we tave sufficient data tc test cur model, but we dc not have
sufficient clcudy-sky data. The testiny of our algorithm is
still incomplete; therefore Lere cnly the bas1c structure is

pre=ented

We use the NCIC Digital Terrain Tapes to caiculate
slore, exposure, and herizcn infcrmation for any pcint in a
cﬁdlg;tlzea gride The methcd is described in detail in a paper

by>w$21er and Cutcalt, which has Leen submittea for
pvnllcatlcn, and which is included as an anpendlx tc this

u¢~v901t~mm

e

. A spectral solar radla+10n scdel modified from Gicrgis
{1975) is used to estimate beam and diffuse radiation. The
variaktle atmospheric ‘parametérs ar€ czome, precipitable water
vapor, and the Beta ccefficient in the Angsirom aerosol
scattering functicn.  Values for wavelenygth-dependent ozone

. abscrption._are taken frcm Inn and Tanaka (1953) and Leighton
{19€1) . Wwater vapor dbeLEthn values are taken frcm Gates

~and Harrop (1963). ©Non-variaktle absorgticn coefficiénts for
the red molecular cxygen bands (leighton, 1901) and the
near-infrared methane and carbtcn dicxide bands (Gates and
Harrcg, 19€3) are alsc inciuded. Values for Rayleigh
scattering are taken from Penndorf (1957). The exgcnent in
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)
the Angstrcm aercsol scatterinyg function is assumed to te
-1.3, although this assumpticn can be wmodified if rarrcw band
spectral measuresents are available.

Solar gecmetry is calculated by standard methods (e.qg.
Sellers, 1965), and path lengths fcr air mass -and water vagor
are calculated by Kastents (13966) methods. The method for
ozcn€ path length calculaticen is frcm Lacis and Hansen
(1974). We use the values tabulated by Makarova and.
Kharitinov (1672) for the sclar ccnstant. :

I

%
£
3

Ciffuse and Etackscattered raolatlcn arce calculated by
_Giorgis' (1975) sethcd. A grovxsxcn for specular reflecticn
from adjacent slopes frow Paltridge and Platt (1976) is
included. However, we have cnly approximations for the
specular ccmpcnent cf sncw reflectance. Thus this is a
source of possiktle error. ° -

We are ncw mcdifying the prcgram so that two
measurenments, taken at Jdifferent solar zenith angles, can ke
used to estimate the necessary atucﬁyherlc parameters by
solving a set of ncon-linear algebraic ejjuations nsing Erown's
(196S) method. An earlier agproach, whereby we tried to
define and measure integrated absocption and scatteriag
coefficients gver each Landsat tand, proved inteasirle,
perhaps because the band wxidths are too large. Hence we have
adopted the approach described abcve, which is indegendent of
the particular .avelength interval of the meabuxlng
instrument. A remaining unsclved problem is how t¢ ccrrect
for systematic and randon meaqurement erLotrs.

We will use our extensive sclar radlatlon measurements,
corresponding to the four Landsat visible and near-infrared
bands, taken during the 1377 and 1978 snow seuascns, to test
our mcdel. These data are¢ included in Appendix 2.
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I1I. Estimating the Shcrtwave Albedo of an Algirne
Snow Cover Using Satellite Kadiance Measureasepts

Introducticn

Knowledge of the spatial and temporal variaticn of
shortwave albedec is essential for eneryy balance conputations
over an alpine sncw cover. Frequent, compgrehensive fiecld
measurements c¢f suyrface reflectance 46vel an area the size ot
the southern Sierra are ismgractical owing to the area's \
spatial diversity, extent and relative inaccessibility during
the snow season. Derivaticn of an accéptable estimate of
surface reflectapce from satellite radiance measurements
appears to be the mcst cost-effective means of ccapleting the
shortvave :adzdtcn xnputs tc an energy-balance snownelt
aodel.

Relevant Characteristics cf Landsat 4S5 Data
1.. Spatial characteristics

a. sanplirg interval: -The nominal IFOV of the
Landsat MSS is 79 x 75 metars on the ground. Along
scan oversampling yields a sean samgle spacing of 596
meters in the x-directicn. Thus every 15-minute USGS
gquadrangle (the fundamental unit in cur gecgrahic data
base) contains well in excess ¢f 105 Laadsat pixels,
which fposes a significant ccamputational problem if each
pixel is to be evaluated individually. On the cther
hand, the saupling interval may be sufficiently grecat
that it masks scme cf the effects of terraln and
vegetaticn cn reflectance.

b. areal covetagé4' Three frames of Landsat

imagery are regulreu fcr conplete coveraye of the study-- -

area. Hcwever, less than cpe-third of any given frame
covers an area cf inte:est.  Extraction and
ccncatenaticn gf the study.,area coverayje from each
frame into a single study area dataset is requ1rcd fcr
each frage triglet. - = N ‘

c. distorticn: 1landsat ¥SS imayery inherently
contains numercus gecmetric distcrtions {Van Wie and
Stein, 1876; Bernstein and Fermeyhough, 1975) which
ccmpllcate the assignment of pixel radiance values to
specific lccaticns on the Jtcunu. Some 0f these
distorticns are systematlc apd may Le cemoved Ly .
pcdelings cthers reguire-infcrmation regarding
spacecraft attitude, altitude, andi position which is
‘nct directly available to a sufficient level of
accuracy, and must therefore ke stat;sulcally derived
with resgect tc grcunﬂ centrecl goints in the image
whose gecdetic locaticius are kpown. TIne desired result
of these twc Fa£d11°3_EIOQ=1LLea is a set of mapping'
traunsrorns relating*image ang geo;rah;ﬂ cocrdinate
systens.

> : : ] . ., . m

B . TP - I

B R St

A g e P 7 Gt e e P 3ty




2. Radiometric characteristics

a. dynamic range: Lapndsat ¥SS data fregquently
exhibits saturaticn over sacw (McGinnis et al, 1397%5).
Such saturated pixels are esseantially iuseless in
radiance calculaticns. £y cur owhn estimates.
(inspection Ot threshcld shade prints), uap to cne-third
of the most heavily sncwccvered areas may saturate in
MES bands 4 thrcugh 6. Little saturation seems to
occcur in Band-7, which is in accordgdance wWith labcratory
neasurements of the spectral reflectance of snow

.+ (C'bBrien and Munis, 1573).

b. atmospheric effects: Any sSpacecorne sensor
@easures a combinaticn cf surface and atmospheric
radiance. Surface upwelling radiance 1s sukject to
selective atmosgheric attenvation. The atmosphere
itself reflects back intoc space a poition cf the
incident sclar radiaticn. 7The magnitude of this
ccmbined attenuation and addition must be calculated
fcr each Lacdsat ¥4SS savelengta band. In addition,
some correction must be made for the change in path
length as a functicn ¢t earth curvatyre and scan mirror
angle.

3. Srpectral characteristics

a. identificaticn cf sncw: Snow has a higher
g'ﬂ; albedoc than almcst any cther ghenomenon in the Landsat
] ¥SS tands, and thus may ke teadily identified, except

§ in cases wshere snow and cloud cover are coincident. It
: . has been demcnstratecd¢ (Cartclucci et al, 13975) that

4 ‘ spow is virtually indistinguishable from clouds in the
' Landsat M¥SS bands. A means must be developed to

3 Lo accurately determine which pixels represent sncw ccver
before radiance values are used in further
ccmputations, -

b. applicability tc snow albedc mapping: The
Landsat MSS bands span that gcrtion of the spectrunm
where the albedoc of sncu exhibits the greatest temrporal
variation (US Army Ccrps of Engineers, 1956), and thus
requires the mcst frequent updating for input to an
energy-balance model.

4. Temporal characteristics

landsat's 9-day repeat cycle (ccmbinaticn cf

Landsats 2 and: 3) is far frcp cptimum for snowcover
reflectance monitorinj. Since the most pgronounced
changes in albedo occur mcst nearly IollowWing a new
snowfall, such a sncwfall cccurring between overpasses.
would be guite inaccurately cegresented, octh in tecms
of areal extent and albedo, by extrapolatica from the
previous oOverpass.




Cata Collecticn and Prccessing
1. Raw data

a. satellite data: Since most of our analysis
techniques are digital, we cktain our satellite data as
CCTs, for those overpass dates for which we have
ccincident ground truth aeasureménts.

b. field measurements: Cur shortwave ground
truth consists of a se€quence of medsureneunts at each
site using anp Exctech 100-A landsat Ground Truth
Radiometer. We have ccpcentrated on the follcwing four
field test sites Ccttcnyocd Eass-Horseshoe Meadow
(Kern river bdsxn), Bullfrog Lake-Vidette Meadcw (Kings
tlver basin), Bishop fass (San Joayuin river kasin),
ana dammoth Mountain (adjacent to Saa Joaguin nlver
Easin). Tbe first three ar=as are sux;;c;ently rezote
tc presecrve rplatlvely undizturbed snow surfaces, yet
are accessible in cne tc twc days on skis. The Manmoth
area is the locaticn c¢f wmuch present and developing
instrumentation by vaticus agencies in° cooperation with
tbke ski area management. All four areas are easily
located on Landsat 1maccry and have measurement sites
thch are relat1vely Lcee of tcpoyrahic effects

C.. topographlc data. de have developed software
to extract 15-minute quadrangles from NCIC Digital
Terrain Tapes, and resamcle them to any desired sgpatial
rescluticn. The guacrangle= from the fuanadamental grid
of our study area datatase, and ali Landsat and field
measurements are lccated with respect to the tertazn
grxd.

~ad. grcuad ccntrel data: Ground control fpoints
are located on toth USGS 15-minute guadrdngle zacs and
c¢n lire grinter shade prlnt= of the Landsat Lma;ety.
We are in the grocess of implementinyg a ngltal videoc
dlsplay methcd cf identifyiny coatrol points 1n the
xmage. - i :

i/

2. Simulated data -/

a. atmcspheric parameters: Atmosphetic path
radiance and transmissivity are calibrated with
radiometer field mea=urement~, then siamuliated Lty a
mcdel ceccrlbnd el=euhere in tnls £aper.

b. solar irradiance at the aurface' Beam and
Giffuse solar radiaticn are sizulted usiny a
ccmbinaticn cf the atxcstheric amodel, terrain data, and
an ephemeris prcyram which we have developed.
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3. Data processing

The principal data prccessing proolem is the fprecise
locaticn of field masurement sites cn the Landsat CCIs. This
has been partially alleviated by selectiny test sites that
are uuiform and extensive encugh so that a mocderate
locaticnal error (2g, < 2 rizxels) will still yield acceptable

‘results. For areas where tcpcgrahic effects are imgortant, .

however, the positicral-error must be less than one pixel.

' We are currently perfcrming image rectificaticn using
the LIRS program suite develcped at GSFC. This has prcven
unsaticfactory fcr three reascns. Ffirst, the program rums in
a batch mode, which leads to unacceptably lcng turnarcund
times cn a heavily-used educaticnal system, especially when
generating shade prints Lor GCP lccation, which requires a
special configuraticn of cur system's line printer. Second,
the prcgrams are pocrly dccusented, difficult te mcuify,‘anﬁ
procduce cryptic cutput aad d;agnoctlc Third, the prograanms

are collectively guite exjyensive cn our system configuraticn
(for example, reicromatticyg and deriving mapping functicns
costs about $200 in computer time alone). We aave thus begun
implementing a cut-dcwn, highly sgecialized rectification
program ou a minicomputer (PDP-11/485) which nas significantly

~more cnline disk stcrage (60C Mbytes) and an interactive

operatirg systen (UNIX).

A seconuaty data processing problen, which is celatlvely
straightfcrward, is the ccoversicn of the Landsat radiance
numkers to surface upwelling radiance, usiny a ccmtination of
a tatle lcckup.and the atmcspheric amodel.

Initial vVerification
Although both Landsat ang ficld data are available for

several dates during 1976-77 snow seascn, a preliminary
calculaticn of albedo based ca sprace measurements has not.

" been attempted for the follcwlng reasons:

1.  The inmitial version of the atmospheric medel
ccntained nuzerical instabilities which necessitated
its being redesigned, which is still under way.

Z. Several erctcrs were discovered in the field
radiometer measurements, neces 1tat1ng a statlctlcal
filtering of the re¢crded values.™

3. The 1uageﬁrect1f1catxon tCcyrams ‘were
initially run ¢n a surmer image, to facilitate ‘
lccation of control pcints in the study area. #e have
had difficulty registeriny a winter imaje to the
rectified sumaer imaceé. The prcgrams we are using
aisc do not r=2adily rctate imagery so that it is
aligned to the cardinal directions, as are our terrain

- datasets and USGS rpags.
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we feel that these errcrs have been reuedied Ly moving
to a nev computer envirconmeant, developing 4 new atmcspherlc
model, and recalibrating cur r;eld instruments.

Once we are satisified that we can compute snow altedo
over.a uniforam snoupack, we will attempt to extend the model
over a topcgrahic surface, which nmay necessitate corrections
for the high specular reflectance which snow exhibits at lcw
sun anqgles (Dicohirns and Eatcn, 1974)., Aredas where this is a
problem may be readily identifiecd by combining the erhenmeris
calculatiocns (prcgras) with slcpe and aspect informaticn
derived froam the terrain tages. Existing nuuerical
corrections fcr anisctrcpic reflectance (ey, Middleton and
Mungall, 1€52) reguire some kncwledge oL the physical
characteristics of the sncwpack shich may be difficult te
obtain from either remcte sensing c¢r field nmeasurements.

v
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IV. Cevelopment cf a Technique fcr Mcdeling
Incoming Lcrgwave Radiaticn in Mcuntainous Terrain

- FeTT

One of the mcst important parameters considered in the
enerqgy balance c¢f a snowpack is iacoming thermal radiation
from the atmosphere and surccunding terrain. This is a
difficult rarameter to geasure over am area, especially in
mountainous terrain. It must be wocdeled very carefully tc
get meaningful results. There are typically large Jdiurnal
variations and complicaticns are caused by cloud ccver,
forest ccover, and surrcunding slcges. ,

yro
)
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Longwave radiation is important in the energy budget of
a sncvwcover tecause cof the ccmbineé effects of the abscrpticn
characteristics cf snow in the thermal region and the
o attepuation characteristics of tke atmosphere. Thermal
radiation exchange with a spcw cover is contingent upon three

impcrtant considerations:

e

1« Sncw is a near perfect abscroer of thermal
radiaticn, while beirng a gccd reflector of solar
v o radiation (US Army Ccrps of Engineers, 1956;
W Kcndratyev, 1973).

- 2. Clcud cover substantially afiects the

a surface radiation talance bty reducinj incoming sclar
radiatico apd by increasirny inccming thermal
radiation. This is especially imgortant iam high
alpine areas where extensive cloud cover is likely

N

during the saow seasci. Y

o

ange cccurs during

“ 3. Thermal radiaticn exch
kcth day and night.
In order to realistically deal with the above
consideraticns, the longwave radidtion mcdel shculd have
follcwing characteristics:

the

1. It should compute the variations in
atmospheric emissivity with elevaticn and time of

day.

2. It should account fcr the effects of
surrounding sloges in terms cof both horizon effects 4§
and thersal radiaticn of thcse slopes. - j'

I 3. It shculd acceunt fer the effects of cloud
’ cover and forest cover cn surface thermal exchange.

4. The mcdel shculd be driven by a limited set
of disccntinuous surface measurements.

Wwork to date on the lcngwave radiation model has Eteen
limited to clear sky conditicns and does not include d

correcticns
homcgenecus snowcavered surface is made.

fcr fcrest ccver effects. The assumpticn of a
The acdel has nct
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beer ccmplectcly tested at this time; though suificient data
have been collected (see Appendix 2). The jeneral structure
of the model is presented in the fcllioWing secticrn.

o 1« The study area is divided into a yrid using

the NCIC wvigitial Terrain Tafpes in a mannaer

) _ descriked by Dczier and Outcalt (Apgpendix 1). -

T Measurements of air temperatire and vagor pressure at
various times and elevations are then intergclated to
this grid using a lattice-tuning method and a
bi-cukic spline interpolaticn. A temperature and a
vapor pressure 1is then stcred for each cell in the
time/elevation matrix. This ipfcrmaticn is then used
tc ccopute a teapérature and vapor pressure for each
grid point at each time step cf the model.

2. Thermal emissicn frcom the atmosphere is
principally a fumctcm of the water vapocr, carkon
dioxide, and ozcne ccntents (Paltridygye aand Plate,
1€76) . Brutsaert (1975) develcped a technique
whereby atmosphereic emissivicty can be determined
from near surface vapcr prcssure and air temperature
measurements, eliginating the need for vapor pressure
and temperature prcifiles cr scundings. This
technique is acdified f£cr the pon-standard
atmospheric conditcns enccuntered in alpine areas.
Correcticns are made for both rressure variaticns,
and temperature and vapor pressure lapse rates, whica
arte determined from field measurements. Atmosgheric
emissivity is then ccmputed for each grid pecint for
every time step of the mcdel.

3. Using horizcn informaticn previously
ccmputed (as discussed earlier), a thecmal view
factor is ccmputed fcr sach grid point, using

‘techniques develcped by Reifscpider and Lull (1965),
and Lee (1972), and modified by Dozier and Cutcalt
(Appendix 1).

4. Incoming lcngwave radiaton from the
atmosphere and surrouding slcpes is then calculated
for every grid point frcm the previcusly described
inforsation for a variety of time steps. The
incoming lcngwave radiation matrix 1is then stored for
later input to the sncwmelt mcdel, and plotted as
surface contour maps cver the study area.

‘'Possible Errors and the Need for FPurther Wcrk

' The weaknesses c¢f the wodel lie in its simplifying
assunptions and in data mecasurement errors. ‘The excliusion of
cloud cover ani forest cover rarameters 1s respcnsitcle for
most mcdel errors. As reliable data beccmes availatbtle on
these paraweters they will be included in the acdel. Vatcr
pressure data derived frcm wet bul: temgeracure is

sy - e




pacticilarly unreliatle at cr around 0° C due ta energ3y - j
released during phase changye. A mcre reliable method for
determining vafpor pressure will be explored. Surface
temperature of svrrcunding slores, used in Step 3 atove are
generally poor estimates of reality. §o dccount is made for
slope or exposurce differences ané the actual measursment of
the surface temperature is fprcbably unreliable. Eetter
techniques for measuring this parameter, sossibly using
thermal imagery, mast be developed. In yeneral a few sites
where coantinuocus wmeasurements of all of the input parameters
could be ccllected wculd greatly enhance the model's
reliability.

¥
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. V. Snow-Scil Heat and Moisture Flow in the Southern Sierra

The literature review cn soil hedat and thermal processes
has Leen essentially completed. Methods have been determined
for estimating the variocus scjl thermal and nydraulic
parameters required for anuf to s0il heat-poisture traansfer
models. Varicus sodels have been surveyed and have been
found to be both mathematically ccmplex and-therefcre
computationally expensive and partially inappropriate for the
conditicns under which the mcdel will be used.

Generally tke literature has indicated that for the
relatlvelv coarse scils of the Scuthern Sierra a model of the
K\SOLI°SBOU heat and uclstu:e exchange shaould have the
follcwing attributes

1. The model must ke abln to calculate heaf
flow by conduction with varicus surface poundary A
layer ccnditions simylating diurnpal and’seasonal
~changes.

2. The wmodel shculd acccunt for Jownward
percolaticn cf meltwater, cccling the soil and
thereby ameliorating ugward heat t"ansfpr tc an
cverlying srcwgack. : 4 >
/)

3. The model must adeguately simUlate the
transier of heat due to upward dlfrus1cn of water
vagor, ccunter to the dcwnua:d percol tlcn of
meltwater. % , e

ua The mcdel muct alsc ke useful in ueterm1n1ug‘
the formaticn c¢f frost, the degree of ice segregation
and the degree of ice saturaticn with given initial
ccnditiors, in order to evaluate thne efficiency of
meltwater runoff. '

S. The mcdel must yield, as output, predicted
temperature and moisture content at various depths
within the scil as well as an estimaticn of the total
snow—-scil heat and mcisture exchange. This allows
testing and calikratcn 051ng 1n sxtu measurements

. 6. The model nust ke ccmpatlole for use as a
subroutipe to the sncumelt mcdel and its coupllng to
a hydrolcgic flcw mcdel.

,Many cf the curveyed s0il mcaels reguire commch input
parameters. Measurement and estimation of soil prorperties
for ingput into scil heat-mcisture transfer models ate
presently underway. Sagples cbtained from tne tnermlb*or/
soil mcisture block sites are used in these procedures

]
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Soil Fhysical Ercperties o 55/y

Textural and btructural analyses of six soil samgles
have been rerformed using standard =1eve-welgnt Dartltlonlng.
These analyses determine the textural and structural
character, both 1upcrtant for the estimation of thermal and :
moisture properties. The amcunts cf clay and silt fracticns |
in the various sasples have been sufficiently low such that |
particle size analysis of these fractions usinyg differential
settling methcds has nct been used. In addition %o the
: Bl standard textural and structural amalyses, mlnerﬁlcglcal and
F 'R ptedculnant particle shape inforzation has been gathered
: using a standard hlnccular petrograpnlc picrcscope with grain
count grids. i

¥ id 27U s A
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The previously described measured soil bcopetles are
used in the calculation cf sail gcrc:zty, bulkx density,
optimrum moisture content and cther farameters. These are
used in the estimation of sgil thermal and amoisture
prope:tles.

Ihe s0il thermal ccnductlvxty and heat gapacxty will be
estimated bty two methods. Texture, mineralcyical
compcsiticn, and particle-shape distribution of the various

. samples will ke used as input to the material fractcn ocdel
%,/ emplaoyed by Philifp and DeVries (1557) to estimate these
properties. These estimates will te compared with the
experimental values cf thersal ccnductivity and heat capacity
for similar scils as determined Ly Kersten (1949). The
temperature dependence cf thermal ccnductivity and heat
7 capacity due to the fresence ci unfrozen water in the fine

separate of scil (Penner, 1970) 1is neglect°d in the

calculations with our . scil samples due to the low guantity of
® fines present. However these parameters Go effectively
change with liquid water and ice ccntent (Nixon and
McRckerts, '1973).
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The hydraulic properties of the soil samples will be
determined using textural and particle shape information with
the appropriate moisture characteristic and desorgpticn
curves. Outcalt (1976) stecified lcg-log f£it parameters to
abstract the shape cf bcth the descrption and the unsaturated
hydraulic conductivity curves Scil porosity was used with
these parameters to establish the relaticnshifps between the
hydraulic head, the uncaturdfed hydraulic conductivity and
the sater volume content. _These 1nput values can alsc be
used to describe the +hernal flow as wWell since it is coupled
with the moisture transfer.: Grecu and Corey {1971) ‘have

- reviewed varicus nmethods cif Cdiuuldtlng ansaturated hydraulic
condtctivity using scil pcore-size distributuiou ag;ely. They
concluded that all cf the reviewed methcds adejuately ‘
predicted experimentaly measuvred values for a range of soil
types. To oLtain estimaticps for the soilds o¢if the Sierra-
Nevada, more than one methcd will be used to calculate each _ f
of the so1l hydrau;mc progperties. : ; ;
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Field Measuremeats

During the summer and fall, 1977, field teamperature and
moisture méasurement sites were established ih the test area.
The lccations of the test sites weére chosen on the basis cf
ease of access, lccatcn of the Cccpgerative Snow Survey snow
courses, and the representativeness of the locaticn.

. Seven thermistors and six socil moisture bdlocks were
installed at each site at varicus depths. These were
seI@cted to correspcnd to textural cr compositicn changes
obs&rved during the installaticn. In some sites a total
aepth-ranqe sample was prevented due to difficulty in digying
- holes. At twc sites, twc solil molisture blocks wWere assiygned
to each depth with separate holes At the cther sites all
six cf the mcisture blecks were iustalled at various depths.
There were three therwistcrs placed within the scil at each.
site at depths ccrrespcnding tc thcse of some of the moisture
blocks. During the installaticn scil sanples were cbtained
froe the apprcpriate degths, and a preliminary f£ield -
descriptigon was done.

Since the test sites were estatlished each site has bheen
visited during the stcw seascn tc cbtain in situ measuremeats
‘of scil and snow temgerature ana s0il mcisture content [see
Apperdix 4).

Soil Moisture Elcck Accuracy

The soil mcisture tlccks measure resistance across
stainless steel grids ismplanted 1in Ilne-textured
plaster-of-paris (gypsum) blccks. The hoisture measured is
transferred from the surrcunding scil into the blcck by the
capillary sucticn of the blcck material. Tae resistance
measured directly ccrresrcnds to the wmoisture content in
tecms cf percentage cf available water for uafrozen
conditions. - Although it is recascnable tc assume that the
block measurements ate accurate due to the textural contrast
between the block and the surrccanding soil for unfrczen
conditions, it has been sbkcwn that the block resistance.
increases greatly when freeziny cccurs (Sartz 1867, 1970).

Alsc it is expected that the scil water systea hould freeze
and thaw sooner than the klcck water system due to their
respective textures. In crder to calibrate the block .
mcasurements duriny freezing, cther moisture sensors have
been obtained with different ccnstruction. Tunese sensors -
operate on the same grinciple as the bplocks, out ceresist cf a
sandwich of stainless steel and fiberglass. I[ne porosity and
permedability cf thesc senscrs is similar to tmat cf the scil.
These senscrs contain built-in thermistors and may ke
oriented such that they are mcst sensitive to vertical
moisture movement. They will prcvide contrcel data for
comparative use with tbe s¢il moisture block data.
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VI. Gecgraphic Descripticn of the Eergéna Area

Intrcducticn -

This study pLovides a8 tasic geoyraphic description of:
the Fergana Valley in the Scuth Central USSRk, with Pmphaals
on the Soviet study area, part of the joint db/OSSR
cooperative research program, whick includes the basins of
the Gavasay, Sumsar, Kassansay and Eadshaata Rivers. 1t
contains information provided by the Soviet Unicn c¢n the
study area, as well as infcrmaticn countained in earlier
progress reports.

Scviet Central Asia is fpart cf a vast synclinal
depression between the BHussian and the Central Siterian
Platfcrms. Rclling glains, tygpical of the regicn, are made
distinctive by the effects cf a desert climate, while the
southern rim is accented by the Pamirs, the highest
mountains in the USSBR. The Feryana Valley (Feryanskaya
Dolina), a large intermcntane synclinorium, lies in the
central eastern part cf Scviet Central Asia {Figure 1), just
north of the Pamirs. The Kuramin and Chatkal mountains
(both part of the Tien Shan Range) bound it to the ncrcth,
the Alai and Turkistan to the sosth, and the fo:gana
Mountains to the east (Flgure 2). The floor of the valley,
sloping frcm east tc west, is serarated from the fcothills
of the surrounding wcuntains by a series of weli-develoged
alluvial fans. Flowing westward alcng the northern edge of
the valley is the Syr Darya. South of the Syr Darya is an
area of relatively level land covered by sand dunes, salt
marshes, and salt lakes. & large alluvial fan at the
southwestern end of the valley was formed by sediments
depcsited ty the swift-flcwing Sckh River, which disgcrges
intc the valley from the mcuntains in the south. A zone of
springs and wells occurs arcund the perigeter of the
alluvial fan betuecen the 450 and 400 m contours (Plummer, et
al, 1571). Cn the west is the narrow (8 km wide) Leninabad

Pass, through which the Syr Darya f£lows, joining the Fergana:

Valley to the uolcdnaya (Hungry) Steppe. The SOVlet s+udy
by the Kuramin Range to the we=£: and by the Lhatkal Kange
to the north and east. Rivers which supply the Syr Darya
drain tbe southern slopes cof these mountains (Figure 2).

The Fergana Valley is at roughly 409 to 429 N
latitude, approximately the latitude cf Benver, Cclcrade,
Usa (Figu:e 3), with a longitude cf 70° to 73°. The
valley is in the-forr cf ar eilipse, 300 ka Long and 180 km
wide, with an area of appreximately 22,000 s3 km. Tha,
surrcunding mcuptairs reach an nlevatlon of nearly €040 m in
the south and 45CC m in the ncrth, while the burfacc of the
valley rises frcs 300 tc 4CC m in the west (Leninatad is at
325 E) to 500 m at Andizhar in the eastern end, and $00 to
1000 m in the southeast ([Csh, in the foothills, is at 990 m)
(Suslcv, 1961). Namangan, in tue ncrch, is-at 440 n, and
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aof Scviet Central Asia (Allwctth, 1967). Most of the
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Fergsna, in the south, is at 580 m. 7The surface cf the
valley is fairly level, the central part of wnich is desert.
Salt playas, for the most part dry, but floocded in some
years by bhigh river water, are characteristic of this
central reyion, as are salt-garsh swamgs, such as the
Dam-Kul, which are in the prccess ci dryiang out (Suslov,
1961) .

The Fergana Valley lies mainly in the Uzbek SS& and
partly in the Tadzhik ard Rirgiz SSE's (Figure 4). (The
intricate coundary delineaticn in the area stems frcm an
effcrt to include the mcurtain watershed areas with the
parts of the basin to which they supply water, and
considerations cf different naticnality groups). Although
Uzbekistan contains cnly cne-third of the total area in
Central Asia, the Fergapa Valley provides it tWo-thirds ot
the population, three-fourths of the industrial ocutgput, and
over c¢ne-palf cf the arable land

The Fergana Basin (Figure 5) has the highest pocpulaticn
density and the Lighest ccncentraticn of agriculture and
industry in Uzbekistan (Gregcry, 1968). The foothill ring
is the most densely populatcé- here there is a ccntinuous
belt cf cultinated irrigated land which receives water from
numerous. mounta;n at:eamb. This large populatica :
concentration in a srall area cecntrasts with the large and ?
virtually uninhakited desert and semi-desert areas cf mest

Fergana Valley 1s characterized ty a rather dense rural
populaticn of mcre than 50 persons ger sgq km, rural
population making ufp 60% c¢r mcre of the total populaticn of
the valley (CIA, 1974). However, the western end cf the E
valley, in the Kckand regicn, has a4 rural populaticn of only '
1 to 10 persons per sq km. The largest cities in the valley
are andizhban (173,300), Namangan (1€4,000), Kckand
(133,0€0) , Fergana (111,00C), and Margelan (89,000).

Kuvasai and Leniask have pcpulatlcnc_cr 30,000 tc 100,000.
Several cities alcng the scuthern edge of the valley have 3
populations of 10,000 to 3C,C00, with many smaller cities of
less than 10,000 (Burikin, 1967). The qudntlty of water
that is avallable partly esxplains the demsity of v111ag°b
located on the lcwer elevaticns cf- %he alluvial fans and cn
the pumercus distributarieg cf,cw Bajor rivers (Plummer, et
al., 1€71). e \\ / N

-The vegetatlun of the Eergana Valley (Figure €) forams a
seric¢s of belts, cr rings, strrounding tihe central Fergana
desert and extending intc the foo*nlll s apd mountains
surrcunding the valley. .The pnatvre of the plant <over of
this territory varies wxaely in relation to the lecal
elevation, sicpe expcsure, and rainfall distribetuicn.
Several main vegetative belts can ke distinyuisbed: 1)
desert, 2) steprpe, 3) mrcurtain-meadow, algine and subalgpine,
4) forests, thin-fcrests, and scryb, and 35) rocky ridyges,
mounds, moraines, and firns with sgarse vegjetaticn.
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The vegetation cf the fccthill desert is mainly
represented by ephemerals, scmetizes in communlty with
wermwccd and Russian thistle. Wcrmwecd is found cn the
alluvial fans and into the fcothills. A +yglcal feature of
ephemetal vegetation 1s the fact that it develois crly in
the wet autunms period and esgecially in the spring period,
when the grass stand is continucus, evea thouyh shcrt-lived
(30~-40 days). With the cessaticon c¢f the spring rains, the
above-ground part of the ephemers ragidly dries up and the
locale changes into a sun-sccrched gray-yellcw desert with
individual bushes cf wcrmwccd cr hussian thistle, carpeting
only 30-40 percent of the grcund.

Steppe areas are characterized mainly by
drought-resistant vegetaticn represented by various cereals
and scme spring-autumn ephemecs. :

Mocuntain meadows are chiefly ccuposed of "umescphytes”,
whick require year-rcund precipitation for their grcowth.
These meadows are fcund at elevaticns of 1590-1300 m®. The
grass stands typically grcw te 1 m and 83-9C percent of the
soil is covered by vegetaticn. : N

Sukalpine vegetaticn is found at elevaticns cf
3000-3500 m. Grass stands are dense, coveriny E5-EC
percent of the scil, and it is 35-50 ca high. '

Alpine meadcws have the highest location (3200-4000 m)
and are represented by mctley grass-cereal and sedgce .
meadcws. The height cf grass stands here are 25-3% cm and
the soil is 5C-8C percent covered ty the vegetaticn.

; Forests, -as commonly understcod, are scattered in swmall
secticns.  Spruce, spruce-fir, juniper, and nut-bearing
forests are mecst common. Amcny the trees are fcund an
understory with infrequent clusters of spirea,,dog rose, and
honeysuckle. , £

Rccky secticns of ridges ané slopes, mcunds, and Recent
moraines at the tighest altitudes hnave sparse plant cover.
This zcne has roughly the same apgearaunce over the entire
territcry described.

Table 1 lists the distributicn of vegetative types,
by percent are€a, in the test site ltasins.
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Figure 1. The Fergana Valley in respect to Soviet
Central Asia and the USSR (from CIA, 1974).
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Figure ‘3. Comparative area and latitude of the
US and USSR (from CIA, 19?4).
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BASI.’I' LITHOLOGIC ROCK COMPLEXES SOIL COVER VEGETATJON
}RTQ Semiloose Carbonate & Hetamorphic | Serozem | Brown 8 | Light- | Light-brown | Deserts | Steppes] Hountain- Forests | Rocks,
kn” [Rocks of Hydrochemical | & Igneous Chestnut | Brown Meadow- Meadow Thin Mounds
Mesozoic Paleozoic Rocks ; Soils Soils &} Steppe Alpine 3 | forests | 8 Moraines
Paleogenic & jRocks Fissured Alpine | Alpine Soils Subalpine | & Scrub | With Sparse
Hleogenic Fissured- Type of Meadow | Eroded, Vegetation
Ages; Rocks |Karst Type of | Permeability Steppes | Coarsely .
with Fissured|Permeability Skeletal
Type of | Among
HWater Bedrock
Permeability Outcroppings
Padshaata 366 22 78 - - 38 22 40 -- 61 - 20 19
Mouth of . £
Tostu
River - s
Kassansay . }
Mouth of 1240 8 7 85 6 43 53 -~ 10 26 48 10 6
Uryukty -
River
Gavasay, 361 - 5 95 -- 40 60 -- - 35 7 58 --
Mount of . -
Ters River ‘ N “
Gavasay, 657 - 4 96 11 53 V36 - 15 26 4 55 .-
Gava- .
kishlak =
1 village’
TN
RN
Y
\
\
\\*\

Table 1. Rock complexes, soil cover and Qegetation of test area bas]ns~(by percent area)
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Climate

The Pergana Valley lies in a semi-arid regdion,with ccld
winters and dry, hct summers. The Koppen-uleger climate,
classificaticn fcr the regicn falls in the boundarly zone
between a dry, ccld, desert (EWKk) and a dry, cold stefgge
(BSk) (Strahler, 1974). The Koppen Systea classifies the
desert regions cf Nevada-Gtah in the vWestern iUnited, ‘States
and the Atacama Lesert in Chile as having similar cilmate
This ccmpariscn is deceptive. The climate of the Eergana
must not be viewed ¢n a macrcscale, out a mcre mehc CL Bicro
level to fully understand the imgact of climate on the
valley's agricultural and industrial groductivity.

The two most important physicgraphic factors in tha
climate of the Fergama Valley are its continental location
and the surrounding mcuntain rances. The valley's
geographic lccation basically remcves any marine effect ang
produces relatively extreme¢ temperatures in all seasons.’
The surrounding scurtains modify this somewhat by providing
a rain shadow effect in scme seascns and inteuse crcgrachic
conditicns in cthers. In additicn, the surrounding
mountains give the Fergana Valley a more mild climate than
it might have, althocugh sncw and frost do occur in the
valley preper in Tecember and January, when the temperature
may fall as lcw as -159C. At Tashkent, a first order
weather staticn about 80 miles ncrthwest of Leninakad and
outside the Fergapa Valley itself, temperature variaticns
are much more extreme. This may be seen in the mean monthly
temperatures, averaged cver the period 1851 to 1860, shcwn
in Takle 2. Figrre 7 shaows climcgraphs of Fergana,
Namangan, and Osh (walter and leith, 1967).

. Soviet Central Asia is Lkasically under the influence cf
travelling westerly air masses, with the cyclo- and
anticyclogenesis intrinsic tc it. Also guite iwmportant are
cyclcnes, moist westerly air masses, and cold northerly air
masses, lowering air temperature and causiny precipitation.
The relative abundance of -rring and winter precipitaticn is
cauced by c¢yclcnic storms frcam the Mediterranean and Elack
Seas In summer, the air is too dry for precipitation in
splte cf orographic currents. The gpountains to the south
provide a farrier prcduc1ng a rain shadow effect frcn the
monscceh Of Southern Asia (QLCIOV, 1961) . v

Owing to the dxvet51ty cf slcge exposuare Hlth Leccect |
to the moisture- hearlng air masses, precipitaticn varies i
thrcughout the regicn. The rean-annual precipitaticn totals |

fluctuate from 80-100 to 40C-750 wm. (Resources cf
Surtace Waters cf the USSa, 19639) .

The srallest annual ‘precipitation tctdlb ace ohserved
in the Gavasay Kiver basin, cccupying the mest westerly
positicn ip the study area. As cre umoves eastward, :
precipitation increases and rg£aches wmaximum values in the
‘Padshkaata Kiver basin. On the sottheast slopes of the
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Chatkal range little precipitaticn falle. 1In the valleys of
the Gavasay and Kassansay rivers, at 1000¢-1800 m, the tatal
precipitation each yeatr dces not excead 300 mm (Resources of
Surface Waters of the USShE, 1969). lHeavy precipitaticn
falls cn tte east side cf the Chatkal range. In the
Pa&shaata Kiver Ekasin, at 1500 = e€levation, the annual
average is 790 nmn; and near the crests of the mcuntains, the
average is 1000~-1200 mm. Figure 8 shows thne d;st:1hutlon of
annual precipitation totals with elevation in this regicn.
In the foothill and low=-mcuntain zones, mwost precipitation
occurs in winter and spring (Figjtre 9); summer and autumn
are dry. Table 3 gives mean mcnthly precipgitaticn and -
water talance data fcr Tashkent, Feryjana, Andizhan and
Namanrgane.

Ccmpared with the fccthills, grecipitacicu tctals are
more evenly distributed throvghout the year in the mountain
regicns. At about 2000 m there is little difference tetween
sumser and winter precipitaticn tctuls. oo

In most cases, in the mcuntain reglon, the numker of
days with ptecmpltatlon gces up with g’ ccnccmmitent increase
in precipitation totals the mman annual number of days
with preclpxtatlcn in th1° regicn is 100 to 150 days.

. Some years, preciiitaticn in the form of rain shcwers
: : occur five to seven times a jear in the basins of the
‘ ; Padshaata and Kassansay rivers. The showers may last 20-2%
;~‘9; - hours. Maxinmum shcwer intensity varies from 0.10 tc 1.€0

: me/min or higher. In June 1957, the maxinum shcwer
intensity in the Kassansay River lasin reached 3.1 gm/min
(Rescurces of Surface Waters of the USSR, 1569).

Owing to the gecgraphic positcn, this reyion gets a
relatively large amcunt cf sclar energy, especially in
sunper. The influx cf sclar radiation in the foothill part

~ of the basin in a year's time is abkcut 140 kcal/cm?
7ﬂ' (Handbcok ¢n Climate in the USSR, 1573). W®With 1ncreased
f elevation, owing to a reduction in the density and dust
~content of the air, the tctal influx of radiaticn rises tc
150-155 kcal/cm?2 (Handbcok ¢n Clisate in the USSR, 1973). The
largest mean- monthly levels cf total radiation are abcut 20
kcalycr2 and cccur ir Jupe and July. The smallest

radiation influx is observed everywhere in Cecemker; it is
4-7. kcal/cm2 (Handbcck ¢n Climate in the USbR, 16173) .

Annual levels cE net radiaticn change uvcr the
territory from 4€ tc 50 kcalycm2 (Spravocanik go klimatu
SSSK, 1973). The largest total mcnthly levels (8-11
kcal/cm?) cCcur in June and July (Spravochnik po klimatu

. SSSE) . Net radiaticn is lcwest in Ceceamber and January,
when it Grcpa to 0.3- 0.5 kcalyscm2.

The relatxcnshlp gf evaporaticn with local elevaticn is
- manifested quite clearly. The amcunt of evaporaticn degends
prxmarlly ch clxmatlc faCtCLS; mainly precipitaticn angd
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relative humidity. The latter decreases abruptly with
elevation in the mcuntains. A graphic presentaticn of the
decrease in vapcr pressure w#with e€levatiocn is given Lty Figure
10. Because precipitaticn increases with elevation (tc a
certain point) evaporaticn aisoc initially increases with
elevaticn; at higher elevaticns, hLowever, it decreases
(Shul'ts, 1S6€). In the valley fprcper, in summer, clear
skies and dry sukhovey winds from the scutheast can cause

evapcraticn which may exceed annual precipitaticn ty many
times. - :

In the acuntaincus part of the Basins, air temperature
decreases with elevaticn. Fcr exasple, at eievaticans to
1200 @ the mean daily air temperature in January is fzcam -2 |
to =-£9; at 1200-200C m, -3 tc -79; and in the 200C-30CC m

‘zone, the wmean daily air temperature drops to —3 to -99°

(Rescuxces of Surface Waters of the USSR, 156S) . July and
August are the hottest mcnths. The highest mean daily

" temperatures are observed in the fccthills (20-289). At

the elevations ¢f 2000-300C m it "dces not exceed 1C-20°,
In the high-amcuntain zone nigat frosts are common in summer.

In winter, on the slcpes of the Chatkal range the
adiatatic lapse rate ranges from C.27 to 149, and in
sumnmer gradiemts range frcm C.11 tc 0.73¢ (Resources of
Surface Waters c¢f the USSR, 15€9;.
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z$¢3, ‘ Table:2.. Mean Monthly Temperatures
! for Tashkent, 1951-1960

OC OF %
January .9 33.6 T
 February ~ | | 2.8 37 !
March ' 6.3 43.3-
April a3 57.7, :
May S 19.5. 67.1 |
| June 24.5 76.1 | 5
3 July : - 26.9 80.2°
e August ﬁ 24.8 76.6 |
£ ~ September | 19.5 76.1 i j
{ October 12.4 - 54.3 ,
év November 5.3 4.5 ‘
3 2 4.2 .

i@ December . 1.

Mean | 13.2 © 55.8

(from World Weather Records, 1967)
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Figure 7. Climographs of Fergana; Namangan, and
Osh (Osch) (from Fetisova, 1965).
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Table 3

Namangan, UsS,S.Re

0% 21 12 126 168 180 152 8 46 13

2 8719 l
P 24 13 30 21 21 8 71 4 20 17 21 187 -
ST 52 63 66 56 3 23 13 8 6 5 9 28
AE 0 2 2r 31 k] 24 17 6 6 21 13 2 187
0 0 0 0 41 88 144 163 146 85 25 ] 0 692 |
s 0 0o 0 o 0 0 0 0 0 0 0 0 0 l
FERGHANA, U.S.S.Re ' ) .
PE 0 0 20 67 116 " .164 184 153 . 92 38 9 0 843
P 22 14 26 19 21 1" 5 3 2 14 17 16 n
ST 52 66 72 61 44 27 15 ] 7 6 14 30
AE 0 0 20 30 38 28 18 9 4 15 9 0 171
0 0 o 0 ar 78 136 166 144 88 23 0 0 672
s 00 0 0 0 0 o 0 0 0 0 0 0
AND1 JAN, U, S, S, Ao " N
PE 0 1 22 99 120 159 169 140 88 38 13 1 850 !
P 21 22 38 24 22 10 6 2 3 19 17 20 210
ST 58 79 95 74 53 32 19 12 9 8 12 3 !
P AE 0 1 22 45 43 3 19 9 6 20 13 1 210
iy D o 0 0 54 17 .128 150 131 82 18 0 6 &0 |
K] s 0 0 0 o o0 0 0 0 0 0 0 o 0!
oo Tasnxent, U,S.S.R, . : : : .
= PE 0 2 .2 6t 115 160 180 150 86 42 14 2 833
v P 45 3 63 51 29 12 3 1 5 26 34 42 348
b : st 127 162 204 197 148 90 50 30 23 22 42 8
e AE 0 2 21 58 78 70 43 21 12 2 14 2 348
2N 0 0 0 0 '3 37 %0 137 129 14 15 0 0 485
- s 0 0 0 0 o O 0 0 0 0. 0 0 0
r’ i
.
Lje
PE Potential evapotranspwatwn ' AE Actual evapotransp1rat1on
P Precipitation - D Water deficit
P ST Soil moisture storage . : S-  Water surplus

(from Average Climatic Water Balance Data of the Continents, 1963)
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Scils

Soils of the Feryana Valley bkave widely varying
water-physical prcperties. The semi-arid ccnaiticns that
>redcginate in the regicn, in conjunction witn topography

“and parent material, have rrcluced a gray soil kncwur as

Sierczem. Sierczem s0ils developr under arid conditions on
windblown derposits ([loess), alcng piedmont areag, and cn
alluvial fans where rivers emerje frow wmountalns. Sierozen
soils cover only 2% cf the USSR, tut dominate the Fergana
valley (Figure 11). Small areas ¢f scils such as Eeygcscls
and Lithoscls can Dbe fcund interaittenctly in the valley.

In the focothills tc 1600 m elevation, sierozems develop
beneath a grassy cover with ephemers (Figure 11). 1The
sierczems have a scaly-laminated structure in the suriace
layer, changing intc a slightly clcddy layer. Belcw lies a
weakly ccmpacted horizern with seygregation of jrains and
concretions of"ca:bcnates, underlaino by a layer rich in
cartcnates and gygsuez. Bicgenic constitution
(foraminatedness and vesicularity) is distinctly evident in
the sierozems cf different kinds. 7The carbonate profile is
well-defined, even though the entire soil is carbcnate in
character. The content of ncn-silicaceous salts is high,
from £ to 20 percent or mcce of the total soil mass. The
sierczens differ in content cf clements with water-resistant
micrcstructure, that is, strictural entities larger than 1.9
mmes Zut-on the other hanc, the water-cresistant
micrcstructure is well-defined: in fact, it is determined
by the fairly favoralkle water-air properties - gcod wWater
perseability and high, mainly cagillary, porcsity. The
humus ccntent in sieroczems fluctuvates frowm 1 to 4 percent.
The specific weight of sierozems is 2.5 - 2.3; the Etulk
weight is 1.0 - 1.6; and the porccity is 50-60 fercent. The
total water pe:meablllty ¢f the sierozems is J.5 - 2.1
RR/Ein. (Resources ¢’ Surface Waters of the USSR, 1969)

Characteristic ot-the sierozems is a ncnleaching type
of water regime. "The scil layers begin to pe wetted in-
autupn or winter. Tgotal wetting depth varies from 1 tc
2 m. Sierozeas in the western Tien-Shan in a 2 m layer have
a water reserve c¢f 382 nm (Karpov, 1960). At the end of
March or the teginning of April vegetaticn starts rapidly
drying up. Dessication is usuvally cospleted by May (Bode,
1963). e B e

Using claq»x‘1catlcu schemes develcied in the €S
Sierczem scils can be classified ¢nder the crder of

- Aridisocls or Xercsols. The classiticaticn Aridiscl is froa

the Ccmpretencsive Scil Survey 3System and Xerosol from the
FAC-UNESCO soil map and "Scil System of the World" (3rady,
1¢74). iy

Aridiscls are mineral scils ifcund in arid climates.
Excert where there is grcurd water cr irrigjaticn, as is the
case in much cf the Fergapa Valley, all cf the so0il horizons

N
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are dry more than 6 months of the year. Consequently, they 3
have not been sulject tc intensive leaching. They have an

ochric epipedion generally light in color, low in crganic

matter, and may te aard and sassive when dry. They wmay have

a hcrizon cf @ccupulaticn c¢f calcium cacbonate (calcic), '
often with an underlying layer of gypsum,)Or e€Ven pcre . :
solutle salts (Brady, 1974). 1The Sierozem soils of the ;
Fergana Valley ccme under the sukcrder Orthids. This 3
subcrder is brcken dcwn intc teo gJtoups. The first group is
conpcsed of scils of gently cr mcderately slioying terrain,
used mostly as rangje land with scne irrigated crcgs. Areas
in the United States that have similar scils include
northeast Arizona, central and ncrtheast Nevw Hexice,
soutkeast Colcradc, and scuth-ceatral Idaho. The second
groug includes soils of gently slcping tc steep terrain. an
area in the US that has a similar socil is north-central
Nevada. Orthids are differentiated from other suborders of
Aridcscls by the abscence of a horizcen of clay accumulaticn.

o feroscl, ancther term used fcr the classiificaticn cf
desert or seml-dece:t scils is broken into four sulkorders,
only three of wahich apply to scil types found in the Fergana

! Valley. They are hagplid (typical xerosols or semi-desert
soils), calcic (semi-desert soils with & distinct lime
accunulaton hcrizcn), and ngclc {semi-desert. sollq “ith a
distinct gypsum accumulatlcnnhcrlzcn).

Sierozems are typically rich in calcium and form gcod
agricultural soils:/when irrigated and fertilized. Without ]
irriqaticn, Sierczems are nct suitable for growing crops. ;
Areas that are not irrigated are used for sheep and cattle
grazing,.but prcductivity fer unit area is low.

Brown and chestput scils are fcund at hluher
elevatlons. These scils develop under sheejp's fescue and
quack grass-mctley grass-trush sterres, and can be found to
an elevation c¢f 3200 m. Loose lcess and loesslike rocks on
deluvial and €luvial depcsits are the soil-forming rocks of
this group. In mechanical compcsition they are
fine-grained, rubbly, and rubbly-gravely. Huamus content
varies from 4 to 20 percent. The structure of the hurus
horizons is highly vater-resistact and water-permeatle,
nutlike, or cloddy-granular, 1nte:grad;n5 into ccarse-cloddy
with depth. The carbcnate ccntent in the upper part of the
profile is 1 to 4 percent, and in the lower profile - to 10
percent. Physical prcperties cf these soils may be
descrited as follcws: stecific weight 2.5 = 2.8; bulk
weight 0.6 - 1.17; and porosity 56 - 66 gercent. The water
permeability is 1.8 = 2.1 zm/min (Eesources of-Surface
katexc of tne USSR, 1969) . ’

Iight-brcwu meadov-stegpe 50ils cccury tne highest

secticns of the slaogfes cf the ranges and thneir watersheds,

v reaching the pergetual sncws. The soils are thin, ccnotain
from 3 to 20 gercent hurus, are weaxly differentiated by
: horizcns, and are rutbly. Scils underlie supalpine and
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alpirce compact neadcu-sterpe yrass stands on deluvial and
eluvial Paleczoic apd mcraine deposits. Sodding of the
upper horizon and good yranular structure i5 tygical. The
total perosity is 4% - 63 fercent; rorosity in the numus
horizcn is 57 ~ 60 perceat. -

Erecipitaticn exceeds evagoraction .in the zc¢ne ¢f
meadcw-stegpe scils; this ensures a leachiny type cf water
regise. Mcst of the 2zcope is characterized by near-surface
bedding of scil-grcundwater; its surrface rises into the soil
profile during snow melt, during the spring-autumn rains,
and scmetipes even in heavy sumnmer rains. ,

In the Padshaata River basin the ligat-brown
meadcw-steppe high-mcuntain sdils (coarsely skeletal) are
develcped; they forg amidst cutcroppings of bedrock and in
the region of glaciers and firns Lkereath sparse meadow
vegetation, ard are to be fcund in small isolated patchea.
The soil body is continuously wetted.

Frincipal soils in the Soviet study area are listed in
Table 1.

A major gprokblea in the agricultural areas of the test
site is soil salinity. In areas <f prolonged cultivaticnm,
such as the Fergana, excessive salts may accumdlate. This
is especially true of the central pcrtion of the valley.
These soils require careful drainaye aand salinty ccntrol.
The soils near the perimeter cf the valley, including the
footkills and lewer slcpes of the mcuntains, are reascnably
unifcrmw in physical and cheaical composition and do not
cantaiu harmful salts (Allwerth, 19€7, Burikin, 1S67).

In the central and western parts of the valley there
are sands and alkaline marshes. At the bases of the
mcuntain rangcs, broad fans of gprcluvial and deiuvial gravel
depcsits cccur (Suslcv, 1661)./ Scils in these areas are
not cf much agricultural importance. They fall under the
great scil grcups of Regcscls and Lithosols. Regoscls are
weakly develcped scils cn lccse, noca-alluvial deposits
(loess, sand). The three subcrders that apply are Eutric
Regcscls, ‘Calcaric Regosals, and Lystric Begosols.
Lithcscls are ncn-arable scils, nct even fit for grazinyg

~undet mest cornditions.e They are primitive, rubbly =oils no
more than 30 cm deeg on,bed rock.{ﬁxady, 1874) . e

Suslov, writing on the central desert gcrtlcn cf the
valley states: "Intensive rzcce ses of weathering cf
Tertiary ccnglomerate and sandstcne, and also of recent
sanéy alluvial deposits alcng the Syr Darya, lead to the
creation of considerable areas of shifting sand. Cunly alcng
the margin of the valley ig the sand somewhat secured by
vegetation. 1The partially mcbile sand of tne center

“accumulates in recent tarchans, with heagnts up tc 50 feet,
which move east, covering fields and settlements.®




hrxtxng abcut the gravel depcsits, Suslov makes note
A that the gradual ercsional "dlSlntegratlon of these
“” formations creates, at first, individual table mountains,
f and, later, a highly brcken relief. The rivers have large
@ dry deltas, as £fcr example, the huge alluvial fan cf the
{ Sokhk River, which irrigates Xckand Casis, and the delta of
the lsfayram Fiver."
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Completion offcaptioﬁﬁto FiguFé 11 on preceding page

)

gray-brown desert, takyr, and sandy soils of the plains

zone of sierozems, mountains and foothills

.

Zone of dark brown and chestnut soils

zone of light=brown soils of high-mountain steppes

high-mountain and desert-steppe takyrlike and syrt soils

strongly salinated soils on.salt-bearing Tertairy deposits

.

light-brown, meadow-steppe, high-mountain soils, eroded, coarsely skeletal

.

~ amidst outcroppings of bedrock, firns, and glaciers
8. boundary of region
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Geclogy

. /%‘

The Fergana Valldey lies on the north western edge of
the Edamir Range, the/ highest mcuntain range in the USSR.
The Fapirs wvere up¢1&ted wher the Indian plate collided with
the Asian plate during: the Cenozcic (Dietz and Hclden,
197C). Tectcnic activity fres plate movements during the
Quaternary created the Fergana Valley and the mcuntain »
rances which surrcund it (Figure 1Z). The Feryana is a drog
block valley surrcunded by rapidly upllrt‘ng mountain ranges
(Belcusov and Gzovskii, 155€). 1The area is descriked by the
Ministry of Geolcgy, USSR, as a reyica of perigeosynclinal
complexes which are part of the tectonic regime of the
Scythc-Turarian structures {Ministry of Geoloyy, 19¢€4).
Pigure 13 is a stylized mar of the Feryana area shcwing the
general tectcric strycture and seissic activity.

The Fergana gecsynclinal regicn can be divided into
mountain and foothkill secticns The study area includes
diverse topography - from alplne 2¢nes throuyh regicns cf
medium- and lcw-elevaticn, tc footnills and flatland. -The
average elevations cf the river watersheds in the study area
vary irom 2300-2800 m. Reyicns ot medium~elevaticn relief
are dissected by deepr and parrcw valleys, while regions of
low-elevation cortain numercus valieys, gorges, ravines and
kettlekcles. :

The geolcgic structure of the study area and its
surrcundings are associated somewhat with the terrain.
There is a ccnsistent shift from tae periphery to the crests
of the ranges of geoclogic tlccks which differ in age,
compcsiticn, degree cf dislccaticn and aydrologic
characteristics. 0Older, ccnsclidated igneous and

metamorphic rccks are f£cund at higher elevations while less

consclidated Cuaternary deprcsits are found at the fcct cf -
slopes, alcug the f£lccrs cf valleys, and in karst tasins.
The Kuramin and the southwest porticn of the Chatkal ranges.
are composed chiefly cf recent intrusive igneous rocks and
older (Paleozcic) metamcrphic rccks. Iuntrustive and
extrusive igneous recks ccntain fissures more than 50 m deep
and hence form gccd water reservecirs. <Clayey and sandy
slates, alsg widespread, are nearly iwpermeabie. Fissures
contained within thep are usually nacrow and shallow in
depth (to 30 m), so their uater_etcrage cagacity is alsc
small and few springs issue from these rocks. Eure
limestones are parely fcurd in the area. In laces,
deluvial formaticns cverlic the troken terrain of the
weountain ranges. The foothills and valley floor are
compcsed of Tertiary sedinments and quarternacry alluvium f£ron
the surroundiry mcuntaians. Lithclogic ccmtlaxus in the
waterckcdb are skcwn in Table 1.

The Feryana Vallcy is seisaically active. A ma]o:
fault runs alcng the north side ¢f the valley at the base cf
the Kuramin, Chatxdl and Fergana ¥cuntain Ranjes. Faultiag
is evident c¢n all sides of the valley frop gecphysical
evidence and gectheraal activity (dinistry of Seoloyy,
1966E; Earanov, 1669).

i A oA 1k _.h,j
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"Figure 12. Fergana Valley and surrounding mountain
ranges. ¢ :
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Figure 13. General tectonic structure and saismic

activity of the Fergana Valley region (after Belousov
and Gzovskii, 1958).
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Hydrcgeolcgy

Grcundwater conditicrs in the Fergana Valley are the
result of varying aguifer-system characteristics such as
aquifer materials, altitude, lccaticnal relaticn tc
irrigaticn outflcw gcints, and lccation in relaticn to other
water-tearing or water-ccnfinipg rccks. The hydrcgeoclcyy cf
the study area is determined largely by the structural
geolcgy. Due to the varying water-kearing nature cf the
different rccks and unccnsclidated deposits aad their
subsurface spatial variaticm, the groundwater
characteristics vary sratially even within a given water
body (Figure 14).

L3

Infiltraticn in the mcurntaincus areas supplies
groupdwater tc the Fergana basin. 1Tnere is nowever little
surface water infiltraticn at the hijher elevaticns in the
zone of igneous apd metamcrghic rccks. Infiltration mainly
occurs from channels which flcw thrcugh the less
consclidated late Tertiary and Quatermary fluvial, alluvial
and glacial depcsits. Mcst infiltration replenishes
groupdvater; some re-emerges in depressions both at
springs and rivers, and scme supplies flcws in the alluvial
fans of the streams. Grcundwater in the study area is
supplied primarily ty infiltratics frcm suciace streass
Cartcnate bedrock prcvides a suprlementary source of
grourdwater. Atmospheric precipitaticn typically rlays a
small part in supplying the grcundwater, since the water
table lies at considerakble depth. The denudaticn cf the
mountain ranges and the large local =lopes provide good
drainage and favorable conditiocns for intensive water
turncver. Because cf the slcpes in the Zaadyr and Mezhadyr
depressions, groups of grcundwater flows, supplied by
infiltratcn from nunerccts surface streams, are formed in
this part of the study area. ' o

. Tke aquifer system cf the area may be Lroxen dcwn to
include three categcries: 1) shallcw water body, 2)
unccrofined and semi-confined water kcdy and 3) confined
water body. A shallcw water body is defined as grocundwater
that occurs at shallcw depth in shallow wells [this may be a
perched water body) that is usually semi-discrete fror cther
grourdwater bcdies. Shallcw water bodies are commcnly
suppcrted by a relatively imfpermeatle layer of fine
sedirents, silts cr clay. 'These bodies occur only in
younger alluvium and protakly in the flocd Ltasin depoklta
where water hearlng depcsits are interlayered with ‘
lacustrine and marsh sediments. These water bodies often

Tesult in salinity probIQKC‘aﬁd @ainly occur in the botton -~
of the Fergana EBasin in arsas of parsh and solonchak {cr

developing nctizcns), and are comoch im tne Adyc area ctf.
alluvial terraces (Suslcv, 1S 671) <

Unconfined water Etodies may te identified from well

data as having little cr nc difference in heaa W#ith varying .

depth. Th€S° usually cccur in unccnsclidated depcsits that
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are not intertedded with fine grained lacustrine cr macrsh
deposits. Tertiary ccnglczerate and sandstcone overlain in
the foothills by broad fans c¢f prcluvial and deluvial gravel
deposits such as in the desert pastures on the margin of the
Fergana Basiu are ccnducive to such environments The
unccnfined qrcunuaafe: bodies fcund imn the Zaadvr and
Mezhadyr degressicns of the study area have no pressure head
and lie in boulder-gravel deposits at.considerable depth.

Semi-ccorfined and confined conditions occur where the
vater body is bounded at the tase and/or surface by :
impermeable layers cf scil, regolith, or rock. These water
bodies tend to cccur in lcwer valley areas adjacent to
foothill terraces and in the central portion where alluvial
materials, loess, and varying¢-facie fluvial material are
interbedded and interfingering. In the Soviet study area,
they cccur alcng the peripkery of the Zaadyr and Mezhadyr
depressions where water-bearing hcrizons are enclosed
bet ween relatively impermeable clay formaticns. A fressure
head i1s created by the slcte gradient from the low foothills
(adyr) along the borders cf the derresssions. When these
horizcns centact sandy gravel defpcsits, numerous springs
occur.

grcundwater of the Ncrthern Fergana depressicns
{Kascansay, Gavasay and cther river basins) is found mainly

in alluvial and proluvial gravel deposits. 1Ian the north,

¢lose to the facthills cf the adyr, the gravel beds are
expo=ed in the .socuth they are overlaid by sandy loams and
loams, creating ¢onfined aguifer ccnditicas. Tke thickness

“of tke lcam depcsits varies from 2-3 m in the north to 20 m

or mcre at the Syr Darya. Tlke alluvial fans of the rivers
in the study area are inccspletely manifested, since the

= givers have swegt away their peripheral garts. Within each
‘alluvial fan there is a specific 2cne of ground and sub- head

water flow.

The alluvial fan of the Kassansay River, south of the =
Kassansay and Namanganskiy aéyr, is 11-12 km wide and 20-25

ks lcng. Its scuthern ligit is fcund between the first and

seccnd terraces above the flccdplain cf the Syr Darya. Here
the flcw cf grcundwater is supplied mainly by infiltration
from the Kassansayskaya trans-adyr and the Kukuskayskaya
mezk-adyr depressions. It is additionally recharged by
infiltraticn frcm surface streanms, which form a comjilex

: hydrcqraphxc retwcrk cn the alluvial fan. In the upper ‘part
of the fan, the water table lies at a depth of 40-60 m; this:

depth decreases as the flca arrrcaches the Syr Daryag

hater ‘also flows alcng faults cr thoujn the karst
regicns of carbcnate rocks Water along faults (tcrdering
the valley) in additicn tc the underflow discharge from .
mountain slopes and valleys raises the level of water badies
in tke tnree categories discussed above and leads tc the
salirizing and sweamping c¢f lcwlands (Suslov, 1561). Jcinted
metascrphic and igneous rccks have =fructural¢y controlled

- 47




water permeability. They are cverlain by shaies, wuith
interbeds of sandstcne. Grcundwater in these rccks is less
abuncant ttan in the ligestcpes and is characterized by low
mineral content, monclithic agyuifers, and less fissuring tc
provide starage.

N Mineralizaticn cf the grcundwater confined in

o Mesczoic and Cenczoic fcrmaticns gradually increases with
; distarnce from the pcint 6f rechargye. However, the gineral
h_pr content of water emerging at springs Joes not exceed .S

gs/liter; the water type is calcius hydrocarbonate and
calcium-magynesium hydrocarkcnate,
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Figure 14. Geomorphological scheme of the Fergana Valley: 1 - Mountains surrounding the valley;
2 - ANdyr area of alluvial terraces; 3 - Moving and fixed sand; 4 - Solonchak; 5 - Marsh; 6 -

Cultivated oases; 7 - Fergana Canal (from Suslov, 1961).
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Sncw Hyarclogy

Precipitaticr falls as snow mainly from Novemker
through March. Cn the southern slcges of the Chatkal
Range, from 2% tc 45 days with sncw are observed at the
1000-1500 m elevaticas.

Snow depth and the water content oL the sucwgack vary.
In the middle elevation zcne, sncw depta is typically 80-90
cm, though in some years it reackes 100-110 cm. On the
southeastern slcpes cf the Chatkal Rangye, at elevations frcno
1400 tc 2200 m, the water ccntent of the pack varies from
100 to 225 mm. In some years in the Padshaata River basin
it reaches pcre thas 375 mm. Figyre 15 shows the
distributicn of water content of sncw cover by elevatlcn in
the Gavasay Rlvec in 1942.

Dates of aktlaticn vary with elevation. In the
foothills, at elevations tc 1500 ®, the sncew cover tyrically
forms during the seccnd and third ten-day periods in
November and disappears during the second and third ten-day
pericds of March. At elevatlcns cf 1500-2500 m, snow cover
forms at the end of Cctcbter and persists till the end cf
April. ' At elevations above 3000 m; snow covers the yround
from the second ten-day pericd of Septecamber until the first
ten-day periocd cf Jupe. -

Streams in the Syr Darya basin are primarily supplied
by meltwater. The indicatcr cf the river recharging tyre
was calculated as the ratic cf thke discharje in July to
September to the discharge in March tc June. Using this
methcd, the rivers in this regicn can be classified as
rivers whose annual éischarge is' determined mainly by
fluctuaticns in-frecipitaticn. The effective precipitation
in the area is retained in stcrage as sncw and released as
snow melt periogically to the basin's channels (the major
ones being the Kyr Dacya, Naryn,. and Kara Darya RIVEIS).

The Syr Darya and Naryn nave mixed glacxal—snoa feeding
resulting in twc high water periods in spring (April Yavy)
from melting snqcw, and in samacrc (June July) ducring the
pericd orf ice thaw (Suslcv, 1961). Their tributaries are
supplied primarily Ly snowmelt in the spring. In April
these rivers manifest violent activity, yet by July an
abrugt reduction ¢f discharge is cbserved due to depletion
of seasonal snow cover. The variability of aunual discharge
in srow-fed streans is determined grimarily by the variation
in the water ccontent of snce at the beginning cf sncwmelt.
The variability in meltwater from ferpetual saow«s and
glaciers, cn the cther hand, is anct dependent on the amcunt
of annual gprecipitaticn, tut is determined largely tv the
amount of enerygy received Ly the surface of tne sncw and
ice. (Taktles 4 amd Z) B

Because meltwater is the main source of river recharge,
the daistribution of discharge thrcugh the year is determined
mainly by the accurulaticn ©f sncw and ice in the mcantains,
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and partly on variability in ipfiltration and evaporaticn.
Not cnly the amplitude c¢f fluctuaticns in the annual
disckarge, but also the lcny-terr trend of discharges fron
Central Asia streams are determined by their supply source -
meltwater frcr seascrnal snow and/cr from perpetual snows and
glaciers. All the streams ian the Fergana Valley are
classified as sncw—glacier and sncw-fed streams. 1In the
mountain regicns the amcunt cf precipitation yenerally
increases with e€levaticn, while vapcr pressure decreases
with increased elevation and lcwer temgeratures (Figure 10).
Por this reascn the discharge nore typically increases with
elevation. However, since the ascunt of precipitation and
disctarge in the mourtains is alsc influenced by the
orientation of the slopes in relaticn to the gprevailing
direction of the rovement cf air masses, the dependence of
discharge on elevaticn shcws up ucst clearly for relatively
restricted crchydrcgraghic repicns.

Table 6 shous the distributuicn . of snow surveys in the
study area.
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Figure 15. jVariation of water content of snow cover with altitude.
(Basin of Gavasay River, 1942)

1 = water content at end of February

2 = water content at end of March
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"RIVER-POST ADOPTED § Pex | Tyt yx C._, ANNUAL | METEOROLOGICAL ELEVATION OF
| CALCULATED - y y DYSCHARGE | STATIONS FROM METEOROLOGICAL
_PERIOD OF | IN WHICH STATION, m
OBSERVATIONS CALCULATED | METEOROLOGICAL |
OF DISCHARGE, PERIOD FACTORS ARE
YEARS T RECORDED
Gavasay 1937-60 -0.26 -.37 0.33 0.80 0.28 mouth of the 1818
“River, ' . Ters River
- Mouth of B '
o the Ters
River
Padshaata-  1936-60 0.66 -.48 -.45 0.68 0.21 mouth of the
Mouth of Tostu River 1529
the-Tostu : ‘ :
River, 2.6 = N
km above -

Erai
R

Table 4. Coefficient of Correlation between Discharge of uatqﬁ and Meteorological Factors

(Precipitation and Above-Zero Air Temperatures)
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BASIN |  OBSERVATIONS

ELEVATION

NUMBER_OF

Snow-Stations

Precipitation |
Meters

Rirborne-
Controlled

.. Staffs

Gavasay = _1927
~ Padshaata 1928

© 1200-2700 m
1360-2190 m

23
19 e sl e

Table 6. Snow Surveys .
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RIVER STATION AREA OF  |MEAN CBSERVATIOH] TOTAL MEAN DURING OBSERVATION MEAN DURLNG CAl CULATEDIADOPTED
HA}ERSHED ELEVATION{ PERIOD HUMBER PERIOD MULTIANNUAL PERIOD VALUE OF  {VALUE -
km OF OF YEARS} VYelocity Iodulus Layer of | Velécity Madulus of Layer of c. c
HATERSUED P OBSERVED| of Water of Dischargel of Hater Discharge Discharge v v
. USED [N | Flow Discharge = nm “Flow litersfsec mm
STUDY m/sec litersésec n°/sec per km
per km~ - :
1 2 3 4 5 6 7 8 9 10 )iy 12 13 . 14
Padshaata Mouth of 366 2330 1925-62 37 6.01 16.4 517 6.03 16.7 526 0.20 0.21
Tosto River . ‘
Chanach Chanachsay |133 2630 1938, 12 (1.76) (13.2) (416) {1.76) (13.2) (416) - —
1941, i
1944,
1949,
1950,
1952, -
1955,
1956,
1959-62 -
Kassansay Mouth of 1240 2430 1645-62 18 8.93 7.20 227 (8.50) (6.85) {216) 0.26 =
the Uryukty | 1780 2330 1925-42 16 9.80 5.50 173 10.8) (6.07) {191) 0.27 0.30
River, 1780 Z2330 1925-60 35 10.8 6.07 191 10.8 6.07 191 0.28 -
Baymak 1962
kishlak }
Uryukty Oryuktysay 86.5 2180 1923, -7 {0.68) {7.40) {233) {0.62) (7.17) (228) - -
1947, .
1948,
1950,
1960,
1962 B
Uryukty Houth of 116 2190 1947-62 16 0.48 4.14 130 {0.45) (3.88) (122) 0.37 -
Uryuktysay ’ .
River .
Alabuka Alabukasay 208 2520 1938, 18 (2.53) (12.2) (3e3) (2.40) (11.5) (353) - -
1941,
1944, P
1852,
1955,
1957-62 : .
Sumsar Sumsarsay 90.0 2600 1941, 8 (1.01) (11,2) (353) (1.00) (1.1 {350) - e
1945-50, .
) A 1959 i o ‘
Keksarek Koksareksay | 96.2 2510 1941 1 (0.78 (8.11) {255) {0.90) {9.36) (295) - -
Gzvasay Mouth of 288 2840 1932-38 6 (3.82 13.3 419 {4.20) (14.6) {460) - _—
the ’
Beshtashata )
- River B = :
Gz vasay Houth of 361 2880 1932-62 31 4.96 13.7 432 5.05 14.0 441 0.28 0.28
the Ters ke
River s :
Gz vasay (;ava1 657 2460 1925-62 36 5.98 9.10 287 6.29 9.57 301 0.31 0.32
kishlak : .

ORIGINAL PAGI

Table 5. Discharge of Rivers in Test Area
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: ! 2 3 4 L) 6 7 8 9 10 11 12 13 14
3 Ters Besh-Tash o
g winter camp 30,3 2860 1932-37 - - - - (0,52) (17,2} (540}« -- o
‘ Beshtashka - Mouth 36.6 2710 1932-37 - - - . {0.18)  ( 4,92) {155) . Dl
3
5
Table 5 (continued). Discharge of Rivers in Test Area
g o "
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General Hydrcloygy

Streams 1in the study area are also supplied, tc scre
extent by inflow of groundwater fros wmountain valleys and
slopes. This scurce is also lDdlIeCtLj dependent cn o
snouuelt, since groundwater recharge is determined primarcily
by the vclume of meltwater. Streaams fed £rom groundwater
occur in the upper foothill belt (up to 1000 m) and are fed
by grcundwater and showers. They tend to have small steady
or intermittent discharges with cccasional flash fleodlng
dunlng intense storms (Suslaov, 1S€1).

; The Syr Darya follcws the ncrthern rim of the Fergana
Valley. Its upper secticn, the Naryn Biver, enters the
valley from the east through the Fergana Raunge. Surface
water in tke basin cccurs as flow in the Syr Darya, in its
tributaries (including the Sckh River), ia the dense netwcecrk
of irrigaticn, and as standing water in shallow closed
basins and artificial reserveirs (Figure 2).

In the study area, the Gantay, Sumsac, Kaasansay ana
Padstaata rivers have the highest discharye of streams which
drain the southeastern slcpes of the Chatkal range and the
Ruramxin mountains. All these rivers are rignt tank
tributaries of the Syr Darya. These rivers do0 nct freeze
over widely, (the period when these streams acre frozen -
typically does nct last lcnger thapn 80-950 days), hcsever,
local freezing car lead tc the fcrumation of major ice jams
which create sxgnlxxcant fluctvations in water level durlng
their formaticn and breakup. Forsaticn ci r;catlng ice is
promcted by high flcw velccities, rocky, ragids-filled
water, etc. These ice formdaticns can last two cr even three
montkts. o ' o e

- The turbidity of water in the Chatxal Bange varies from
less than 0.1 kgy/m3 to 0.3 kgsw3. In spring and the f;rst
half cf summer, all rivers draining these mountains carry
mudflows, cften with destructive fcrce

Figure 16 shcws that, at the same elevations, the
Padshaata River basin is characterized by gyreater discharge
moduli than the Lasins of the Gavasay and Kassansay Rivers.
At tike elevation cf 1600 r the discharge modulus of the
Padshaata River is 1.0 liter/sec ks2, while in the Gavasay
and Kassansay rivers it is 0.5 litersy/sec km2. This is due
to the areal distributicn c¢f precipitation, «hich varies
with the orientation of the ltasins. The dlscﬁarge cf the
Gavasay and Kassansay rivers, whcse. valleys are anfavorably
oriented, averagcs 8 llters/sec ke2. Further to the cast,
oriertaticn is mcre favcrable, So the moduli of the
discharge of the Fadshaata Kiver and several left tank
tritutaries of the Kassancay Hiver increase to acout 11
liters/sec km2, .

The perlcd of greatest QlSCnarCe ICcl stx:eamc in tbe

study area cccurs frcm March to Auyust or September. 75-85%

of the annual discharge occurs at this time. The hijhest -
ORWHNAI.PAGEIb
OF POOR QUALITY
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t‘F annual flow velocities typically cccur im May; however, the

= disckatrge of the Padshaata HRiver is highest in June. Llow '

EI water lasts from September tc March, Coefficients cf

ﬁ 4 variation, describing the annual distributuion uf flow, ‘are

K X 2 shown in Table 7. Table 8 shows the monthly distritutuion :
o | of discharge as a percent cf annual discharge. The :
B | relatively low elevaticns cf the Chatkal and Kuramio Kanges

roy account for the similarity in the discharge of the streaas

E_ ; in the study area. Generally, then, three periods can be

i?'T" distinguished:

1. The pgericd of sncw high water, formed mostly by the
meltwater from seascnal sncws at lgs to mid-elevations. The
onset of this high-water feriod is associated with the cnset
of stakle, above-zerc temperatures. The volume of discharge
is determined by the amount of sngwiall of the given year.
This pericd typically lasts frca March-June.

T

Z. The pericd of sncw-glacier hiyh water, formed
mainly by the meltwater frcm high-scuntain sncws and
glaciers. This pericd cocincides with the hottest part of
the year (Jnly-Sgptenbec).

J 3. 1The period cf low-water, when the streams are
éuppl;ed primarily by grcundwater. This gericd is
‘characterized by stable, relatively low dlscnarge and by the
absence of diurnal fluctuaclcns. It typically lasts frcm
Octckter-Felruary. : .

‘The characteristics cf high-water and low-water periods

“of the rivers in this regicn, and the maximuwm and cinimun
volume flows are in Tables 9, 10 and 11. Table 12 shows the E
types of measurements taken at the hydrometeorological :
staticns in the study area. :

.. Movement of surface water and groundwater in the

Fergana Basin may be descritved by an inflcw-outrilcw budget
acccunting fcr the differert mcdes of water transpgort. The
primary inflow compcnents (precipitation, streamflcw and
groundwater) have been described above. The total water
resources of the entire Syr Carya tkasin in 1968 were

estimated to ke akout 35 sq km (XKritskiy, 1$68). Alout
two-thirds cf the arriving rvnoff is expended on irrigation

of fields, evaporation from the river chdunels and

reservcirs, and tame pericdic fliococding of lowlands. Water y
loss also cccurs by infiltraticn (underflcw or thrcughflow) 7
evapcratlcn from surface water and evapotramspiraticn. The / :
remaining discharge flcws ‘tc the B3ral sea., _ 7/ i
T : (i

The main inflaow compcnents of the Fergana Easin may
then be summarigzed as;m;l)'river £lcw from tne Kara Darya
and Naryn, 2) stream and river flcw from the sarrounding
mountains (Tien Shan, Famir-)lai), 3) etffective
precipitaticn in the fcrm ¢£ sncw and ice meit, and 4)
underflow cr thrcughflcw ¢f grcundwater ILroa tae mduntalns.
The main ou*:lou componentc include; 1) u;scnarge cf the Syr.
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Darya surface waters out c¢f the Fergana Easin, 2)
infiltration or underflcw losses cf yroundwater out of thae
basin, 3) evagpcraticrt frorx standing and flowing surface
Wwater, and 4%) aygricultural and vecetatlon lasses
(evapctransgiraticnj. .

Careful management cf water resources in the Fergana
Basin is required tc maximize the rescurce penefits. An
increase in ccnsumgticn of water can Eromote conditions in
which irrigation needs are /'nct met. This is shcwn Ly the
fact tbat the water level 4n the rivers does not always
ensure the entry of the waler at the heads cf the irrigaticn
systems. A ccnsiderable pcrticn cf the runcff inm the area
passes in the forwm cf hiyh, brief high-water peaks
superimposed cn the meltwater wave. On rivers which are fed
by runoff from relatively lcw mountains c¢r small drainage
basins, much water rasses at the begianinyg of the warm
seascn, prior to the basic irrigaticn pericd.
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A. Padshaata River
Kassansay River
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C. Gavasay River




RIVER, STATION

Padshaata, mouth of the Tostu River
Kaésansay,;Baymak kishlak .
Gavasay, mouth of the Ters River

Gavésay, Gava Kishlak

COEFFICIENT OF VARIATIOM OF SEASONAL DISCHARGE

Spring
0.23
0.32
0,28

10.35

Summer
0.27
0.52
0.44
0,44

Autumn-Hinter

0.22

0.29
0,29
0,26

Table 7.
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 RIVER,
STATION,
WATER LEVEL
OF YEAR

- Padshaata,
Mouth of the
Tostu River
High Yater

- HMedium

~Low Hater
Very Low
llater

Kassansay

Baymak
kishlak
High tater
Hledium

Low Yater

Very: Low
Yater '

Gavasay,
Mouth of the
Ters River
High Yater
Medium

Low HWater
Very Low
llater

MONTHLY DISCHARGE
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Table 8. ‘Distributuion of Discharge (in percent of'annual discharge)
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RIVER,

\

MONTHLY DISCHARGE

STATION,

WATER LEVEL ‘ S

OF YEAR : Jan  Feb Mar Apr June Aug Sep Oct HMHov Dec
Gavasay, ' .

Gava kishlak ' -

High Water 1.7 1.6 2.2 12.2 23.9 5,3 3.0 2.7 2.8 2,2
Medium 2.1 2.0 2.5 10.3 23.7 - 5.1 3.5 3.0 2.9 2,6
Low Water 2.5 2.3 3.6 8.8 23.5 4.4 3,4 3.5 3.4 2.9

- Very Low

“Hater 2.9 2.6 3.6 8.8 23.4 4.0 3.0 3.9 3,9 3.3
Chaadak

(Chaadaksay),

fMouth of the

Dzhulaysay

River, . . »
High Water - -~ 1.6 1,7 .3.2 15.6 31.3 4.1 2.3 2.2 2.3 1.9
Medium 1.9 2.0 3.8 14,0 - 22.6 3.9 2.7 2.8 2,5 2,2
Low Yater 2.3 2.7 4.8 11,9 20.3 3.4 2,8 2.9 3.0 2.5

- Very Low . :
Hater 2.9 3.5 4,7 11.7 19,9 2,8 2.3 3,7 3.9 3,2

[

_'Table 8 (continued). Distribution of Discharge.
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RIVER,
STATION

PERIOD OF

OBSERVATIONS

“Years Number

CHARACTERISTICS

Highest

DUﬁIﬂG PERIOD OF OBSERVATIOM

Q, m3/sec;

Mean-fultiannual

qQ, m3/sec;

Modulus of

of h, mn Year | h, mm Discharge,
| Years ‘ } liters/sec | C,
Padshaata, 1926-62 37 QMax  44 .5 1928 28,1 26,8 0.28
Mouth of - '
the Tostu Qe - o 22.5 61.4 0.27
River “h 623 1960 408 .- 0.24
Kassansay, 1952-62 11 Quay 84.8 1953  51.6 41.6 0.30
, Houth of Q¢ - —  86.7 37.6 0.30
Uryukty h 161 1952 104 -- 0.36
River - :
Kassansay, 1926-41 16 Qax 132 1928 68.3 38.4 0.40
Raymak: - . . . .
kishlak Ut - —
h 239 1934 132 - 0.36
Gavasay, 1933-62 30 Qmax (55.7) 1934 38.0 105 0.23
'ﬂﬁg‘$eﬁ§ Qe - - 20.8 82.4 0.24
River h 601 1949 362 - 0.35
g
nﬁgi _ 3
é%:P ‘Table 9. Maximum Annual Ve]oci%ies of Water Flow (Q___, m /sec), Maximum Discharge
£>E; Flow Rates of Meltwater (th, m>/sec) and Discharge P'3ffer (h, mm) in Freshet Period.
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RIVER' STATION | AREA OF |PERIOD OF | MUMBER OF LOY-HATER PERIOD
: HAZERSHED OBSERVATIONS { OBSERVATION Mean Date Duration,| Mean Layer of
km= . YEARS Beginning | Ending | Days Consumption| Discharge,
‘ - During Low | mm
. g | Mater
‘ss\\:: i V%psr\: \Qd
| m /see?
Padshaata | Mouth 366 1931-34 29 9/16 3/24 190 2.37 A% 106
: of the 1936-48 {
Totsu 1951-62 ),
River, i
2.6 km f’
‘above | i )
| mouth | ”% R
Gavasay |Mouth | 361 1936,1937, | 26 © |8/16 3/24 |221 1.40 74.0
of the 1939-62
Ters
River | .
Gavasay‘ | Mouth 657 1936-62 27 8/31 3/27 209 1.86 51.1
of the , :
Gava
| River

Table 10; Méﬁé;ﬁcteristics:of Low Water Period
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RIVER STATION HEAN PERIOD OF HUMBER MINIHUM MONTHLY HEANS FOR PERIOD | COEFFICIENT COEFFICIENT
) . ELEVATION OBSERVATIONS OF DAILY QOF OBSERVATION OF OF :
OF (ASSUMED) YEARS DISCHARGE Consumption Modulus of © VARIATION ASYIMETRY
WATERSHED ligerslsec of water Discharge
m km' m°/sec Li!ers/sec
. . km
. Padshaata Mouth 2830 1936-62 30 4.46 1.82 4.97 0,21 0.6
H : o of the
i Tostu
! River,
2.6 km
above
4 the mouth
s i Gavasay Mouth 2840 1937-65 29 1.88 0.92 2.55 0,31 1.¢
: h ¢ of the .
# Ters
River
- Gavasay Gava 2460 1936-66 31 1.45 1,37 2.08 0.24 0.6
kishlak

Table 11. Mean Monthly and Diurnal Discharge.
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RIVER STATION DISTANCE | AREA OF PERIOD OF OBSERVATION 'J‘é:;’g‘;’:us :‘[‘ggg:gfo‘r";m
10L0G1CAL
E . FROM NAI{RSHED . Suspended Chemical OF WATER STATIONS (M/CT)
MOUTH, KMI M Level Velocity Temperature Glaciation Detritus Composition FLOW & AND PO'SYS n/p)
LAVER OF
3 FRESHET
- . DISCHARGE
T 7 3 3 5 6 7 8 K] 10 1
Pidshaata, wouth 37 kK11 9568 =70 95371 1936-69 1926-33 m/CY
of the Tosty Lo 1935-48
# ’ River, 2.6 km 1950-70
: - above mouth e
Z Padshaata, T - - 1941-51 - - - -- - -
: Yangikurgan. <F 1953-62
i kishlak
| Chanach, 15 133 “- 1938-41 - - - - - -
i Chanachsay, 8 km 44,49,50
i from the village 52,55,56
; af Aktam 59,68,70
i Kassansay, 74 1130 . - 1967-70 - 1967-70 1968-70  1968-70 1967-70 -
Kyzyl-Tokay ’ ’
kishlak ] . .
Kassansay, 56 1240 1951-67  1985-68  1952-68 1951-68 1956-68 1962-68 1951-68 -
mouth of the -
; Uryukty River ‘ :
‘ Kassansay, 59 1430 1957-70  1957-70  1957-70 1957-70 - - - -
Uryukty River ’ ,
; : Xassansay, } 52 " 1780 1925-42  1925-60  -- - - 1938 - --
! o . Baymak kishlak i 1962
O 0 Kassansay, 3 - - 1953-59 - -- - -- - -
o] .
v‘ a Gergeuchi
§ E kishlak
. Kassansiy-Kuyuk - - 23 - - 1932-44  -- - -- - - --
= g Madarskiy at . 1947-52
~ the head of the 1960,62
:8 . Akhsokay Channel
g % Uryukty- R 1] 86.5 -- 1991,47 - -- - -- -- -
X Uryuksay, 8 km 48,50,5) !
e ; north of the 60,62-68
) E "U':‘ | village of 70 .
- Dzhaybalyand
= _ ,.4;’ - o
Table 12. Extent of Hydrometeorological Coverage
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Alabuka, mouth
of the
Saychungalik
River:

Alabuka,
Alahukasay, 4.2
km north. of
Sarytal

Uryukty, mouth

Alabuka,
headwater, 0.6
km above
Alabuka

Sumsar-
Sumarskiy, 2.6
km from the
village of
Sumsar

Sumsar, Koklik-
Kurgan kishlak

Kaksarek-
Koksareksay,
in the center
of the village
of Xoksarek

toksarek, city

of Kara Kurgan

. Bavasay, mouth

of the
Beshtashata
River, Verkhne-
beshtashskaya

Gavasay, mouth
of the Ters

River ‘(Nizhne-
Beshtashskaya)

69

32

16

0.2

65.7

224

90

324

176

. 288

- 1929

-- 1538-41
1944,52
55,57-70

1965-70  1947-70

~- -~ 1940-41

in - 191,45

50,59

.- 1933-35

-- 1941

& 1927-62

- 1927-62

1939-70  1932-70

1952-70

1953-70

1936-62
1967-70

1930-41

1933-70

MY

Table 12 (‘contin’uéd). Extent of Hydrometeorlogical Coverage
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11

Gavasay, 49
Burikurgan
kishlat

Gavassy; Kok- 45
tash kishlak
{Ukku) ' dinskaya)

Gavasay, Gava 41
“kishlak
X s

Gavasay- 17
Mashatskiy, 3

km below the:

village of

Yangiabab

Ters, Winter 1.4
camp of Besh-
Tash

Beshtashata, 0.3
Nouth .

Urtasu, Kok~ 1.3
tash kishlak

Kassansay, .-
< - Urtotokay

Kassansay, -
Kassansay
kishlak

Sumsar, Sumsar --
kishlak e

503

623

657

30.3

191420
1925-70

1932-33

1932-33
1925-70

1933-34
1936-62

1932-38

1932-38

_1932-33

1945-70

1936-70

1938,
1966-69

1962-70

M/P

N/CcT

W

M/CY

Table 12 (continued).
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Irrigaticn and Agriculture

Approximately 27% cf the total land area of the USSR is
agricultural, and slightly mcre than cne-third c¢f the
@ agricultural land is arable. The remainder of the
agricultural land is meadcw, gasture, crchard, vineyard, cr
is idle. In 1972, cf the 224 millicn hectares of arable.
lapd in the USSR, almost all was scwn. Irrigated land at
this time totaled 12 millico hectares, with 43%
(approximately S million hectares) ¢f this located in
Central Asia, where irrigaticn has played a major rcle in
agriculture fcr centuries. As of 1970, over 800,000
hectares were irrigated in the Feryana Valley, representing
more than $5% cf the arable land (Lydolph, 1970). 1In the
valley much of the water from the mcuntain streams is
absorbed by the locose material of the alluvial fans, and the
@ sedirents depcsited result in the formaticn of fertile soils
of great agricultural value. Intensive cultivaticn by a
large populaticn has always been possible on the oases found
P at the foot of the large alluvial fans in the valley. The
7 natural irrigaticn system of the alluvial fans has recently
B \ £ been improved with the ccnstructicn of numerous irrigation
g /W canals. Because cf the increase in irrigated land in the

.
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R { last 35 years, planting is ncw dcrne on mountain slcpes,
1 : { along the strips bordering the canal paths, and in the
‘ v glades between ocrchards.

a o “‘\3 The ncrthern part c¢f the Fergana Valley has favcrable
nﬂtural conditicrs fcr intensive cultivation and irrigated
agriculture. The main methcds of irrigatiom are furrccw fcr
plowed crops, and flcoding alcny strips for cereal crops and
alfalfa. The irrigated fields are tilled entirely
mechanically.

Bt S A e 2 |

Agriculture in Soviet Central Asia is largely dependent
on irrigation because evapcraticn exceeds precipitaticn over
most ¢f the area. Spow and rain in the mountains to the
south feed the large rivers that flg¢w into the logwlands,
depcsiting alluvium and providing water for extensive canal
S netwcrks (CIA, 1374).

. ;
'
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v ] :
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The main canal syster ccumpletely encircles the basin
(Figure 17), with feeder canals distributing water over much
of the valley flccr. Only the lcwest central .crticn cf the
basin is nct irrigated due to teixture and brine conditions
unsuitable for agriculture. Much cf the water surplied tc
this part of the basin cccurs in tiae form of groundwater.
Almost all flcw from the fccothill tributaries on the margins
0of the Fergana Valley is divertad into camals for
distrikbuticn as 1rrlgat1un.* Little, if any, reaches the Syr
Darvya. T

: The largest canal is the 30C km Great Feryana Canail,.
fed by the ¥Naryn FKiver and Xara Cars. It runs the lenygth cf
the valley frcm the portheast to the southwest and forms the
base for thke irrigaticn systea in the Fergana Bdsin (Figure
17). The Fergana Canal passes thkrocugyh the zone cf raximur
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groundwater, skirting the rerimeter of the alluvial fans in
the valley. A number c¢f hydrcelectrical installaticns
locks, sluices and other water wcrks cperate alcng its
lencth (Wheeler and Fcctman, 1954). The function of the
Canal and its sukchannels is tc sugplement pre-existing
irricaticn systens cn the ncrthern slcpes of the Alai Range
with water c¢f the Naryn River and Xara Darya. The main

canal intersects all of thke irrigated fans of tke rivers and

streams in the scuthern part of the valley. The canal
system begins with water from the Naryn which is transferred
along the canal tc the Kara Darya, dammed by Xugan-larskaya
Dam, which raises its level by 4 o to allow water mcvement
under gravity westward. _Ruring the period 1957 to 1959, a
lacrge irrigation dam wacxccn=tructed near the agex cf the
Kokard alluvial fan to ccllect a pcrtion of the waters of
the Sckh River fcr the 1Jr1gat10n cf an additional 60,000
hectares of land in the sScuth-central secticn of the valley.
In acditicn tc water from the Naryn and Kara Darya, the
canal system receives additicnal water f£rom rivers flowing
off the mountains of the Alai Rance, and minor amcunts frcnm
flow from the Tien Shan. ©E&ivers cf different regimes are
united by the system. Rivers cf predcminant glacial feeding
(Sokh, Isfara) with the main high wsater in summer, rivers of
snow feeding (Kara Darya) with wain high water pericds in
spring, and rivers c¢f mixed feeding (Narym, Syr Carya) with
bimodal high water periocds are jcined in a surface water
system with an almost completely adjusted regyime with
relatively ccrstant flcw sgring and summer (Suslov, 1961).
Many feeder canals distritute the water cver much cf the

- basin flocr ($5% cf arable land) (Greygyory, 1968).

The Northern and Southern Fergana Canals are the two
other major irrigaticn systemss in the valley. The Scuth
Canal is akout 105 kz lcng and irrigates the land along the
foot of the mcuntains in the southeastern pcrticn cf the
valley. Ia addition, many streams which flow into the
valley and have built alluvial fans are used £oTr gravity
flow irrigaticn.

The area included in the Soviet study area is served Ly
several irrigaticn systems: the Ncrthern Fergapa Canal,
which irrigates €3,0C0 hectares; the Padshaatinskaya Canal,
which irrigates 32,000 hectares, the desansdyskayd Canal,
whick irrigates 24,000 hectares has a reservoir with a
165 gillion m?3 capaC1*y. and the Gavasayskaya canal,
serving 17,00C hectares

The North Canal, 162 km long, provides water tc the
area north of and parallel tc the Syr Darya. It has existed
‘in its present form since 1960, and received water from the
Ucbkurgansxaya stcrage dam ¢n tnc 4aryn River since 1967.

' The irrigatior syster serves a strip from 2-6 km wide along
" the canal. 1The canal is built alcng a nillside and

‘traverses numerous ravines and streams. In winter the tater»

,supply is hampered by the :c:matzcn of 1cew
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The Padshaatinskaya systea is fed by the Padshaata
Biver. Springs are an impcrtant scurce cf water to this
system. The total discharge cf the sgrings is abcut 160
millicn m3; the mean discharge of the river at its
emergence frcm the mcuntains is 190 millicn n3. There are
alsc 100 wells with a tctal jield cf 2-3 m3/sec. The total
length of the canals in the retwcik is about 1100 km, of
which 160 km make up the large trunk and interfarsz canals.
120 ka of these are concrete-1lined.

| The Kassanskaya irrigaticn system is fed by the
Kassansay River, whose source is akove 43800 m. TIts
tese:volr allcws seasonal regulaticn of flow. The trunk and
interfarm canals are 176 kr lcng, of which about 40 gercent
are concrete—-lined.

Tke Gavasayskaya system gets water from the Gavasay
River, which is fed by seascmnal sncws. Sgrings and wells
are impcrtant tc the syster - springs supply about 1.5
m3/sec; around 100 wells have a tctal yield of 3 mIs/sec.
Of the 97 km cf interfarm canals, 43 km have concrete
linircg. ,

Cultivation and processing cf cotton, the valley's most
valuable crop, are the chief econcmic activities in the
Fergana Valley, and Kokand, Margelan, and Fergana are
impocrtant cotton-ginning centers (Plummer, et al., 1971).
This basin prcduces between two-thirds and three-guarters of
the cottcn grcwn in the Scviet Unicn (Gregory, 1968).
Alfalfa is grcun for livestock fcdder and tgo raduce the
inherent salipity of the scil. ®heat, barley, corn,
sorghum, melons, and vegetaltles are also cultivated.
Vegetaktles are grcwn fcr lccal urkan markets. Other food
grains are cultivated without irrigation.

, The Fergama Valley is cne of the main corchard-vineyard
districts cf Central Asia. Fruit CLOpsS, sSuch as apricots,
peaches, and plums, are prcduced, particularly arcund the
larcer cities. Fruit is also dried in local factories
(Gregory, 1968). The climate of the Fergyana is very
favorable for the cultivaticn cf yrapes (8urikin, 1%67).
Rice is another majcr crogp of the valley, although a minor

food crop for the Scgviet Upnicn as a whole. S1lkX is procucedW 

at mulberry plantaticns in the valley (Figure 18).

. Livestock ptcducticn in the Fergana Valley includes
both beef and dairy cattle brescding, and sheey breeding for
muttco and wocl. The distributicn ci meat-producing anxma4s
in thke USSEK fcllcws the distrikuticn cf populaticn, unlike-
the situaticn in the United States, where livestock tend to
pe ccncentrated in less pcgpulcus Q‘ateb. - Dairy ccews in the
USSR are utilized fecr becth beef and milk, and the dairy
lnauctry is populaticn-oriented. 1he Scviet livestcck
industry has alsc been labcr-intensive and thus is well
suited to areas cf dense rural scttlement (CIA, 1974), such
as the Fergana Valley. ,




Figure 17.
IRRIGATION:

FERGANA VALLEY
UZBEK S.S.R
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Figure 18.

SPECIALIZED
AGRICULTURE:

FERGANA VALLEY
UZBEK S.SR.

Suburban agriculture (vegetables,
melons, gardens, grapes), dairy
cattle breeding

Irrigated agriculture, dairy/beef
cattle breeding, silkworm breeding
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Industry and Manufacturing

The Fergana Valley ccnstitutes an iaportant ecomnomic
district of the Uzbek, Tadzhnik and Kirgiz SSR's. The
combinaticn of coal and ircn deposits has contributed to the
area's industrial develcpment. Axcny the industries in the
area are oil, miaing, engineering, chemicals, textiles ,
(cotton and silk),. fcod prccessing (including vegetable oil |
and wine), and fertilizers. In spite of the Fergana's ?
industrial prcductivity, Uzbekistan is not self-sufficient ;
in steel, fertilizer, or fuel grcduction (Greygory, 1968).

Much of the industry and manufacturing in the Fergana Valley
is lccated in a ring arcund the valley f£locor which follows
the main rcads and railrcads that skirt the alluvial fans.
Industry tends tc be in greater ccncentration alony the
southern pcrtion, and especially at the eastern ead in the
Andizhan regicn. The Kckaud, Namangan, and Maryelan-Fergana
regicns also include industrial ccocentraticas.

Industrially, Andizhan is the mcst diverse city in this
regicn, beirg invclved with the: fcod; Duxldlng materials;
«chemical; agricultural engineering; englneeLlng,

‘and setal-working industries. Next is Fergana, with food
industry, silk, textiles, chemical industry, and cil
refirging. Kckard bas focd industry and textiles, chemical
industry and engineering and metal sworking. Kokand lcst its
place as an acministrative center, after the revoluticn, to
the rising industrial center of Fergana, and conseguently
suffered a drcp in pcpulaticn. Hcowever, the growth of !
Kokand's cotten-ginning ipdustry and tane additicn cf metal
working ané chemical fertilizer industries (glhosphate and
super- phosphate) have helped tc revitalize the city.

Namangan is involved with the focd industry, textiles, ‘and
building materials (Burikin, 1967). The food indastry,
althcugh found in most ci the mazcr cities, is principally
concentrated at the eastern end ci the valley.

~- The cities c¢f Pap, in the ncrthwest, and Saor-Su, in
the southwest, are koth involved with the chemical industry.
Kuvasai, in tke scuth, has a cement works and building '
materials industry (Eurikin, 1967). Bejovat was established
by tke Soviets as the canly steel groduction center in
Central Asia. In 1968 the annual groduction.of steel uas
about 334,000 tcns (Gregory, 1968). It is hoped that
eventually encugh steel can be prcduced tc make the Central
Aslan regicn =e1f-suf£1c1ent. :

‘The Fergana Valley ccntains =3teasive deposits of oil
‘and natural gas, principally alonyg its scuthern rcim. ' Here
there are several o0il and patural gas extracticn centers.
Several natural gas pipelines run along the southern edge cof
the valley (Burikin, 1967). In tone Kuraman 3anje to thé
northwest of the valley flccr are large depcists cf lcw
grade coal, as well as sogme cc“oaz, alamlnum, and otaer
minerals in lesser amcunts. Waile the minerai depcsits of
the Fergana Valley are nct large cn a ylobal scale, they

5
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reﬁresent the largest concentraticn of extractable minerals
in Central Asia, and are a majcr factge in the indastriall
productivity cf the Fergana Area (Suslov, 1967). Sulphur/
and. salt are mined near Shcr-Su aud salt is produced from:.. .
ancient mines on the valley flecor. Gold is mined near = - -
Chadak. Uranius aining began in the 1950's in the mountains
nocrth of the valley near Uygia- Say (Plamaser, et al, 1971).

-~ There are bcth byuro-electrlc and chermo—electrxc Fower
staticns in the Fergyana Valley (Elgure 19) - ﬂydro-electrlc
stations are found near Leninsk and Uchkurgah.
Thergc~electric statiocns are focund near Namangyan, Feruana,
Kuvasai and Kckand (Burikin, 1567).
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Abstract
e develop a digital computer model, baséd upon
equilibrium temperature theory, of the'nagnitudes of the
cbnpcnents of the energy baiance for a nountﬁinons
topographic surface. ‘Ihe'lodel includes an algoritha for

calculating slope, exposure, and horizon informatiom for

eﬁe:y pnint on a digitized grid. Incoming solar and thermal

radiation are them sisulated for every point. At present the

QOJel is designed for clear;sky conditions, but it could be
Aodified for cloudy skies. Aiz‘tenperature and humidity
%a:iations are specified by externally defined relatioas, and
Jalues for albedo and soil thermal propertigs are sgpecified
for every point on the grid. Wind speed variatioa over the
grid is not modeled, but is specified by an empirical
funétion. The model simulates net radiation, soil heat flow,
sensible and latent heat f£low, and surface temperature at

specified time interwvals. Cutput is in the form of contour

maps.

Key words: energy Lalance clinatclcgf, computer sisulation,
, , E
h

" solar radiation, tcpcgtaphy
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L Surfaqe energy balance nodeis have been used to simulate
abcurately the surface temperature, soil heat and iatgr flow,
ahd snovnélt_ Their cperaticnal utility over wide areas of
variable terrain has been limited, however, baecause of the
extensive data needed to drive such models. In this §apet‘ve
péesent a method and a descripticn of a computer program for
extending energy balance simulaticns over rugged terrain, and

illustrate a few cases of such sigulations.

NCTATICR

aj Fourier cesine coefficient
aq team albedo

aq diffuse albedo

a (subscript) air
A azimuth of sun from south (negatlve Uhen east of south)
bt E'Jnteger storage =ub=crzpt for ‘herizon angles |

bi Fourier sine coefficient

C mass heat capacity

Cp heat capacity of air at“constant pressure

'd - dust and haze content in upits of 800 particles ca~3

D diabatic exchange coefficient

e  vafor Fressure |

B azimuth of ;lope from south (hégétive:uhen east of
‘eouth) ,‘,t : Sy ,

) 4 z 3anrier godulus, = a At {As)—2

g - 'g;aﬁitaticnal”accelerafiaﬁ;”“’W'

6 =0il heat flcw

¢1




piac boai i —ail 4

gfid spacing
sensible beat flow
incoming atnosphe:ic.(infréred) radiation
subscript faor node |
cutgoing thermal radiation
" Julian date
von Karman constaant, = 0.4

!

. absorpticn ccefficient

scattering coefficient
thermal conductivity
latent heat of vaporization, = £(T,)

latent heat flux

molecular weight
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;A 5 n optical air mass
O Pw pfecipitahle water vagar
? j P atmospheric pressure h
?* q ”'1ncom1ng diffuse solar radiation (including
§ ; - kackscatter)
; @ ; ; C zncqnxng tean sola; radiation

: | ) Q! incoming kean solar radiation cn slope
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@0 solar constant e .
r Veétth's radius vector | ~{&’§,
kb ; §§s constant X h
Rp net radiation, = Q(1-aq) + q(1-aq) + Iy - I+
s (subscript) sur face
s depth
§ slope from horizcntal
t tise |

T, air tenpe;atn:e
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k T, teaperature at altitude z

P o

F . T,  measured temperature at altitude zj
%" b ! : -

ﬁ u  wind speed

L .

;;. ux friction velocity

v 5 .

B Ve thermal radiaticn view factor

L z altitude of surface or of teasperature, wind, and
R N bumidity values

o |

[ 2, roughness length

o 0

2 sclar zenith angle

solar zenith angle with respect to slopa

e

haorizon angle frcm zenith

A

a thermal diffusivity, = K/pC = f(Tf
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§  seolar declinaqicn

effective atméSgheric emissivity
€ suiface enissiﬁity

) potehtial temperature

€, SCglipg temperature

P. de;sity

g ,.Sﬁefan-soltzmann constant

¢ }lititude

w  hour angle of the sun frcm ncen (negativé in morning) -

-

REVIEW OF SURFACE ENERGY EALANCE MODELS AND NUMERICAL METHODS

Eroadly defined, surface energy pbalance models are

those which sigulate all of the major surface energy i
exchange processes, and uhich use the conservation of energy
principle as a boundary ccnditicb. In ité’simylest form,
ove:’a solid surface, the princi;le'is described by the

equation:.

By +d + LE ¢ G =0 (1)
. _m ¥ - . B B ‘ ] . . ”




®.
5 In the soil, heat flow is described by the omne-
dimensional conducticn equatica: ‘ {
‘ 2 ]
3T/3t = a[T,5] 32T/3s2 (2)~ P
: : |
Typically it is assumed that no diurnal heat flux occurs
LY | below a certainm depth, e.g. 30 ca.

The sensible and latent heat fluxes are estimated froa
air temperature and humidity, surface temperature and
hﬁaidity, wind speed, and roughness length, using the
Bhsinge:—nye: forsulation for atmaspheric teamperature and

- wind speed profiles:

B =9, Cpk Usx O (3)
LE = .622 H L CpmiB=l f(ey-eg) (8,-85) = (4a)
If eﬁ = ©,, the latent heat exchange is

LE = .622 L k2 p_ u P=t fe,-e ) [ln(z/zy) ]-2  (4b)

The friction velocity u. and the scaling temperature @, are
qi@éﬁ by
i

N N

u*f%*ku/fln(2/20)~¢lj N e (5)

0. = (8,-6)/[10(z/20)~¥,] e

| ;
wi and Y, are the Businge:»nyer vy=-functions; their | {

f@rnulation and derivaticn are described by Paulscn (38]. If

1 i
cnly sean values of temperature, wind speed, and humidity are ji ]

i

available, the best “calculation height" for 2z is given bf

equating-the bulk adiabatic diffusivity [29) and the daily
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digital computer. Myrup [29] siamulated the urbaa heat island

disturbance penetration deptk diffusivity [46]:

k2u z ———2i (7)
[ln(z/zo)]z . 5.184x10% .

This can be solved iteratively for z. Althouyh the height
estisated by this equation is‘typically loser than the
height of the diurnal heat pulse, it provides an estimate
which is coansistent vith the assuagtion that heat fluxes are

constant with beight in the boundary layer.

In order to evaluate tP, nagnxtudes of the various heat
transfer processes, a gouerful solution method based ugon
equilibrium temperature theory has been deyeloped [29]. Por
a given set of astronomical, tempcral, atmospheric, and
surface boundary conditicns, there is a unigue surface

temperature whicl will satisfy equations (1) through (7).

Halstead eﬁ al. [18] designed an analog computer to
éstilate the surface temperature and the other coampcnents.
istogue [12] adapted a siamilar modgl, driven by measured
ﬁalues of incoming solar radiation, air temperature at screen

height, wvind speed, and sub-surface soil temfperature, to a

yith an analog computer, iliustrating the importance of soil
;oisture in deterzining khe disposition of the emergy balance
and tterefore the surface temperature. Sasamori [ 44]
simulated atmospheric boundary layer and soil temperature

érofiles, plus wind velocities in the boundary layer, using a

digital model driven by measured values of solar radiation,

éi: tesperature, and wind spreed, at a given level. Cutcalt

[32] devised a dlgltal mcdel which sisulates solar and pPALE B
ORIGINAL mﬁ
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infrared radiation, and which may be driven by mean daily

- temperatures if higher-freguency cbservations are not

available; this computer program has been revised to use the
jusinger—byer y=-functions for turbulent heat and water vapof
t%ansfet, and adapted to a topographic surface for this
bape:. ‘ o
10 solve for the equilibrium surface temperature an
ﬁnitial value of Ts is chaosen, and valuesuof soil, sensible,
ang‘latent beat flow are calculated. These are used in
eﬁzation (1), and the process is repeated, with iterative
variaticns in Ts until equaticn (1) is satisfiz2d within a
specified margin, for example 1 Wp=2 or 1 mly min=!., The
soil temperature profile is then adjusted by equaticn (2),

completing the time step. In the current version of the

computer program we use a secant algorithm [1] to find the

equilibrium surface temperature; generally it converges
within three iteraticns. The structure of the secant
aléorithu is identical to that of Newton's method, except
thét the analytic expressicn for the derivative is replaced
hy;a first-order forward difference app:oximation. If the
leftbside of'eguatiop (1) is expressed Jenerally as E(Ts),
then subseguent guesses for Ts are given by: -

n
s

n¢l _ o noo N h_
T = 1, [£(T,) (T -1

; e M-ee N @

There exist many schemes for numerical solution of the

heat flow equation (2). The rresent coamputer progras emgloys

a fully implicit method. This bas the advahtage of

unconditional stakility, regardless of the value of the

T T T W I L S T
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Pourier modulus P = a At (As)—2, and the choices of apt and ;s
are governed omly by the accuracy desired [42]. The soil
therzal diffusivity o« is a function of teamperature and water
content [2, 47] and thus varies with depth and time. The

implicit scheme used is [42]:

(1e2r;) ;" =t eop ter e B (9)

{
vhere subscript j indicates the node and superscript t

inﬁicates the time step. Applicaticn to all nodes at one

_tiase step leads to the folloving tridiagonal systea of

simultaneous linear egquaticas:

/, t _, t . : N e tEN ™
1427, " -F, 0 0 o 7 [ 1, |
e t t _, t | t+1 t
Pz 1*2?2 22 0 0 T2 Tz
e t et _ot t+1] _ t
0 F,© 142F, P, o | |7, T, (10)
0 c ' - L J L] 4 - L ]
" 0 0 0 Y - J \ o‘. A \.J

Ténperature at the tor node is determined by eguaticn (8) and

temperature at the bottom node is held constant.

. Many experiments have demcnstrated that such energy
balance models simulate surface tesperature with reasonable
aécuracy, in urban [ 29, 33], eid-latitude [44], arctic [ 34,
3$], and alpine [5] envircoments. These simulations have

been verified Lty point surface temperature measurements and,

" in the case of [33], by thermal imagery.

Such models have also been coupled with simulations of
soil water movement to produce combtined heat and water flow

zodels [ 17, 36, 43]. These have importaant iamplications for
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cénsttuction in arctic areas, where the movement, freezing,
and thawing of soil water may have severe conseguences.
Energy balance sipulaticn has also been applied to
dévelcpment of accurate snoumelt mcdels. Outcalt et al. [ 37]
used station weather data to sisulate cahanges in the snow .and
séil thermal regimes at Barrow, Alaska. They simulated both
tLe beginning and end of the zelt period within cne day of
tie~actua1 times, and the depth of thaw penetration into-the
s?ii to within 5 ca. Anderscn [3] ccapared the results of
hﬁs snowmelt simulation with measurements of snow cover uatéh
éguivalent at the National Cceanic and Atmospheric
Administration - Agricultural Besearch Secrvice cooperative
énou resecarch station pear Danville, Vermont, and found that

in most situations his emergy talance model vas superior to

more conventicnal sncumelt models.

In.cases where surface temperature is knoun, for example
from thermal imagery from stacecraft or aircraft, energy
éalance models car be applied in reverse to estimate the
fhernal characteristics of the surface material, which can
then Le used to identify the surface lithology [ 1, 22, 39,
48]. Alternatively, if"the surface litholoyy is alsc known,
thérnal‘imagery can be used tc locate areas of high
geotherzal heat flow [9, 48]. LeSchack and Del Gramde [ 26]
ha&e outlined a method whereby therzal sensing in two
va;elength bands (e.g. 5 and 10 ym) can separate
enﬁésivity-related effects frcsa tecpe:atnrefte;ated effects,
tgerety alloving determination of actial ten;e:&ﬁure; to an

accuracy of 0.1 cr 0.2 ©9K.




DATA NEEDED POR ENERGY BAIANCE SINULATICN

The application of an energy talance model to a
topographic surface necessarily involves the use of a
digital coaputer. Therefore the ters "topoygraphic surface",
as used hence, refers to a digitized grid, consisting of a
#inite nunber of fpoints. Such grid; are nov available at
;ery modest cost as "Digital Terrain Tapes" froa the
Sational Cartographic Information Center, U.S. Geological
éurvey. In order to drive the previocusly described energy
balance model the folloving parameters would have to be
measured, estinated, cr calculated in advaance for every

poiat on such a gtid:

1. Incoming solar radiation (Q+q)

4. Albedoc (a, and aq)

Q

‘3§ Incoming longwave radiatiocao (I¢)

4. BAir temperature (T,)

€. Wind speed (u)

6; Surface roughness length (zo)

7. Therzal conductivity (XK) and vol&ﬁetric heat capacity
(pC) of surface material (cam vary with depth) N

8. Air pressure (P)

€. Vapor fpressure of air (ea) and at surface (es)

ORIGINAL PAGE 18
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R : CALCULATION OF MODEL INPUT EABAMETEBS OVER A SUBEFACE

At this stage of model building, we do not simulate |

©

.

S NAE T

:eélistically all of the aktove paraceters. The aim here is | :@

|

R )i 2% 40k aniiL e A

. .
-
.

i |
to outline the develciment of an energy balance model for g
1

rough terrain. In particular, ve sust specify, or

TR
. (2T
&

A ies o

intetpolate from a set of measurements, albedo, wind speed,

e
K A2

:ohghnesS'length, and the theramal characteristics of the soil

¥

.
véy

I N T

P R R P e

0

ov?r the grid, although we calculate variaticmns in albedo
‘ A

uﬂth scil vetness and illusipation angle [16]. 1Information

2 b ain,.

oq alktedo and perhaps roughness length are available from
rezote sensing, although it is necessary to sinulate incoming i
r’éﬁ; | .~ solar radiation in order to estimate albedo. A lack of |

I

k@owledge of the surface thermal characteristics is aot a
séricus obstacle to use of the model at this time, as one ofl
t@e ispmediate applications could be in inferring these ) ]
tﬁernal characteristics in cases where surface temperature is %
known from thermal imagery. Calculation of wind speeds over | ;
' ;éuntainous terrain remains a sericus problem, although
o ~ :écent work on meso-scale wind field modelling indicates that
calculagions which are accurate”encugh to be ﬁseful aight be |
;  possikle [11, 13, 30].
variation of air temperature with elevation is specified
oé infput to the model, with a default specification c¢f an

3
ambient atmospheric larpse rate of -.0065 9K m—t, Air

temperature Tz at altitude z can be calculated from measured

teupetatute-im at altitude z :

Tz

T - -0065(z-z ) ' {11);
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The present model does nct consider .air drainage, but the
computer program is so structured that such algorithas, if

develcped, could easily be added.

Air pressure P at altitude z is derived froam measured

pressure P, at altitude z frca the hydrostatic equation,

m
the eguation of state, and equaticn (11):

ap/dz = =gp | " (12a)

Py = (Em)/(ET)) (12b)

P = Pm exp[[(gna)/(.OOGSB)] ln[(lm-.OOGS(z—zm))/Tm]} (12¢)

The relative humidity of the air and of the soil surface
are ccnsidered ccnstant over the grid. Specific humidities
are calculated froa eapirical eguations relating saturation

vapor pressure to temgerature [27].

Solar radiation is the major input parameter which
varies widely over the grid, and an efficient method of
calchlating the radiatign incident on cvery 9grid point is
esgential to the model. Many slope radiation mcdels have
been developed [ 14, 15, 19, 20, 24, 25, 45, 49 ] and e .

present the pertinent equaticns from these only briefly.

They are fully outlined in the original sources.

Initially the beam and diffuse coamponents of solar
radiation on a horizcntal plane at the earth's surface nust
be estizated cr measured. Under clear skies, these can be

calculated from the dust apd vater vapor conteut of the

‘atmosphere and the sclar gecmetry. The beam radiation is:




S

tf ® ,
?f: @ = {Qy/r?) cosZ exp(k, +k ] (13)
. 1 a s

Pl C

é l. . Brooks [6] has given approximations for the absorptiom

LN | and scattering coefficients:

f: 3 k, = =.089 (BH/1013):75 - .174(p ¥/20) .4 (14)
“ k, = ~.083(Hd).? (15)

| Typical values for the dust and haze content d range
f#on 0.2, for very clear atmcspheres, to as high as 3.0 [15].
lé present swork is undervay to define wavelength-dependent
absorption and scattering coefficients froa wmeasurements of
global radiaticn at different solar zenith angles. The

optical air mass ¥ is determined by Rasten's foramula [23]:
N = 1/[cosZ + .15{90-2+3.885)~1.253] (16)

vhere 2 is the sclar zeanith angle in degrees. The bean

radiaticn Q' incident upon an unshaded slope is:
Q! = (go/ré) cosz' exp[k, +k ] {17)

In calculating the radiaticn cn an actual slope a test nust
be made to determine whetheér the sun is shaded by a local
hoiizcn. If so, Q' = 0. 2, the solar zenith angle, and 2°,

the sclar angle measured frem norzal to the slope, are given
by:

cos? = sing siné + Ccos$ coss cosw {18)

cos2' = cosS c0s2 + sinS sinZ cos (A-E) : (19)




The azinmuth of the sun fros south, negative when east of

south, is given by:
cosA = {sin® cosZ? - sind)/(cos® sin2) {20)

Since the cosine function is even, this eguation gives tvo
possikle angles fo: the azimuth of the sun, A or -A. If'Q
is negative, then the negative value for A is chosen; ¢
othe:uxae the posxt;ve value for A is used. A four-teram
rourzet series nges the sclar declxnatxon in cadzans and

the radius vector to about four significant fzguces:

3

§s L = T a,cos[Zn(J-1)1/366] + biSLn[Zn(J-t)x/366] (21)
i=0-

Values for the ccsine and sine coefficients for cach series

are in Table 1.

1he diffuse radiaticn slope factor is cos2(s/2) [24],
and the diffuse radiation g is the sum of the downscattered

radiaticn and kackscattered radiation:

g = 0.5[1-exp(ky) ] [Gp/r2] [cos2(S/2)

R (22)
< | + 0.5aq;1-e§;(ks)j + aQQ} o

In eguation (22) a, and aqftefer to the beam and diffuse
albedo on the surrcunding region. In cases where the solar
zenith angle 2 < 509, aQ = aq, but at larger aungyles, the beanm

albedc must be corrected fcr glint’effec;s [16].

Calculations for horizon angles, slope, and exgosure

s> must ke made at each grid fcint. “The method presented here

A , v , o 4
A o ) \




R is different from that of Williams et al. [(49]). If more tham
one simulation for the same ‘tcpographic surface is made, it
is more efficient, bacause the complete horizcn and slope
calculations are stored om a disk or tape file, and need not
be recoaputed for different sunm paths. Slopes cam be

' calculated froj:

tans = [(32/3x)2 + (3z/0y) 2]t 2 (23)
The azisuth of the slope frcm south is givea by: - e

tanE = (3z/3%)/(32/3Y) . (24)

This function is defined even if the dénominator is zero,

and if the signs of becth the numerator and denominatcr are

knovnq the functicn is defined over the range -x to x. The
origin for the x- and y-coordinates is assumed to be in the
southwest corner of the grid, but the equations and the

progras can be easily modified for other orientations.

The partial derivatives 32/52 and 3z/3y must be’
evaiuated by numerical means, and it 'is necessary to choose a
method which can be adjusted when the point in guestion is
near a boundary of the grid. ¥We use the following groufp of
sethcds: (i) if the point is om the boundary, we use a
second-order fcrward difference approximatiou; (ii) if the
Foint is in the row cr coclumn next to the boundary,.ue use a
seccnd-order central difference $§fcoximation; (iii) if the

point is in the third row cr column from the boundary, we use

~a fourth-order central difference apptoxiéation; (iv) if the
point is greater than three rcvs or coluans from the
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boundary, we use a sixth-order central difference

approximation. Computational formulas for each of these

' approxieations can be found in [4].

A set of horizon angles (ZH] is generated by
caiculating the tangent of the angle from the specified
Foint to every other point in the grid whose elevation is

greater. For examfple the calculaticn froa point [a,n] to

[i,3] is:
tans(an,if] = (2, -z ) 3 G-m)2e(G-m2LH2 (29)

Withip each of a set of azimuthal increments, for example

3.75, 5, or. 10 degrees, the frogranm stores the maximua value

I
of the tanqent.\ If b is the sectcr nunber of size w, then

a
N

b = int{tai:ffiiiﬁijii-m)J/u} o (26)

The zaximum value of tans{zn,t] is selected for each b.

N
5
W

From these the horizon angles, frcm zenith, are calculated:

Z,, = ctn=t(tans[ij,b]] | (27)

This sequence results in very efficient computer code.

Coaparison of tangents of angles, delaying calculaticn of

- the actual angles until the maximur tangents acre selected,

minirizes the number of trigcncmetric functions that are
computed.
Incoring long-wave radiaticn from clear skies is

calculated by Erutsae:tis gethed [7]:

Iy o= eac’!“‘ , . (28)

- . |, N AN s,
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vhere the effective atmospheric esissivity iss
o - N al? , V
O 1.‘u;ga/ra) / | (29)

A recent test of BrdﬁSaert's sethod, using data fronas
southern France, indicated that its accuracy conpateg%
favorably with that of other methcds [28]. Por calcﬁlation
of ﬁhe net loang~vave radiation, the theraal radiation view

factor Vf is given by Reifsnyder and Lull [41]:

‘vf = cos2(<z>) (30)

wkere <2,> is the mean horizcn angle, from zenmith. The

H
diffuse radiation slcge factor is cos2(S/2), and the net

il
Vi

long~wave radiation at the site is then:

I = I4=I+ = cos2(S/2) [(1-Vf) Iy ¢ (Vf-l) esofs"]‘ (31)

3

5

1
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i - RESULTS OP SIMOLATION

The computer program resulting from egquatioas (1)
through (31) vas tested on a digitized topoyraphic grid froa
the Chitistode Pass area (latitude 61.6°N) in the Wrangell
uogutaxns, Alaska, and located on the McCarthy C-3 1:63360
ggﬁdrangle. We selected the area because a limited set of‘
te;t data was availakle [5]). The area is about 3 ks by 3 ka
and ranges in elevation frcx about 1500 to 2100 a. The
nearby surrcunding terraln includes elevations up to 2800 na,
and this terrain combined hlth the low sun angles produces
important horizon effects. Frcm the NCIC Digital Terrain
Tapes, we extracted a grid at 63.5 » spacing which spanned an
area of about 11 x 10 kn; Frcn theéé terrain data, e
calculated the horizcm vectors for the study area. The
cutput presented in this pape;\is in the fq:i of ccntour
maps; the program will alsc dzéu perspective élcts if
desired. Figure 1 is a topographic sap of the study area and

the surrounding terrain.

For the simulation ve used the input parameter values

listed in Table 2 below. - The initial soil teagerature vas

assumed to be equal tc the air teaperature to a depth of 1 m,

and 24 hrs of temperature evclution were simulated tc

establish realistic initial conditions. Values for porosity,

thernal conductivity, and rcughness length Wwere taken from

field measurements [5] and estimated over the rest cf the
study area froe a map of landforas [ 10]. Figufe 2 illustrates

the terrain of the study area itself and the distribution of
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sarface materials. Thermal Froperties for the different

surface materials are given in Table 3.

| 'Figure 3 illustrates the distribution of incoming solar
taﬁiation at 0600, 1000, 1400, and 18@0 héu:s. Iﬂe effects
of slcpe,‘exposure, and h&rizcn can be seen in these maps.
roé example, tke point labelled A in figures 2 and 3 is on an
eaét—faciﬁg slcpe and receives xaximal radiation at 0600 and
1000. At 1400 and 1800 the intensity of the solar radiation
at A is small. Point B is located on a north-facing slope,
and radiation values are low at all times, especially at 1000

and 1400.

s 'rigure 4 illustrates the distribution of net all-vave

&

radiation at 4-hr intervals from 0200 to 2200. Unifcra

. surface enmissivity is assumed. The major source of variadtion

is incoming 'solar radiaticn, as dencnstrated by the maps for

times when the sun:is not ug, 0200 and 2200.

Figure 5 shcus integrated values of incdming solar
radiation and net all-wave radiaticn over 24 hrs. The

sharpest gradients occur in ccnjunction with north-faciny

slopesgl§s at point C (uhichfis also indicated on figurejéi,ﬁ

wPigure 6 illustrates surface temperature at U4-hr

~intervals. The effects cf different surface materials are.

cbvicus cn the 0200 and 2200 maprs, where the sharp

temperature gradients coincide with the surface paterial

 transiticns. During the day,.the_tenpéiaturé differences due

to tdpogtaphit effects overwvhela thoge due to the thermal

properties cf the soil.
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i DISCUSSICN OF RESULTS

Ef Tables 4 and S present a comparison of field surface
o

;E temperature measurements with model results for five sites,
Egl whose locations are indicated on figure 2. The temperature
?; data are fros [5], vherein an earlier version of the climate
[ @ . *
[ .

simulator was shown to gi%e realistic results, given the
L \5 availability of site-specific input data. Two abstractions

of the”data are ccmpared with the lodel;

One is amgplitude and phase ccsgarison between okserved
and simulated values (takle 4). Although the model
underestimates the asplitudes, it does rank them in the
correct order. The phaséS'ltime of maximum fenpetatdre) are
also correctly ranked. The other comparison used is the
difference between the 2:30 a.m. and 1:30 p.nm. cemperatures
(table 5), which corresgond tc the'ové:pass times of the Heat
Capacity Mapping Mission Satellite (HCMM). Here the observed

i

differences are less than the diurnal amplitudes, because of

slope and exposure effects. The mcdel results correspond

reascnably well to the data.

Foﬁ these limigéd verificatiocn défh, the model results
are encouraging. However, the cbserved and simulated
temperatures dc not ratch exactly, and these discrepanciesfk
are probtably related toaﬁcur effects. The first is an

inadeguate evaluation of scme of tbe surface parameters, most

notakly roughness lenyth and thermal diffusivity, both of

which are difficult tc seascre.
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fhé,second is mcdel oversiamplification. The solar
:adiationkattenuation.calculations in the present mcdel are
non-spectral and do not include specular reflection froa
adjacent terrain. ?urthe:QOte mean daily values for air
temperature, relative humidity, and wind speed are used. An
altitude correction is applied to the air temperatures, but
othervise spatial uniforxity is assumed, And advection is not
considered; Therefore the model results are somewvhat

overgeneralized.

Thirdly, the measured surface temperatures wmsay ke in
é::o:. The methcd that was used was to place a thersmistor Et
the surface but shield it fros radiation. Under these
circusstances, the direction of the error would be toqard

lérger amplitudes.

N\

The fourth is the resclution cf‘the DigitaL fecrain
IaQes.fmThese tapes vere made from the 1:250,000 topographic
maps and tend to give a smocthed picture of the terrain,

the:ehi'feducing thersal ccntrast.

Because of these limitations, a full test of the model
will have to await the availatility of-thermal imagery of
noﬁntainous:terrain. We suggest, hauever, tyqt the results
are sufficiently encouraging to indicated th&ﬁ for at least

some afprlicaticns, the mcdel is adejuate.

The model has sose impediate uses. One critical

f'paranéter which would need to ke mecasured over an area before

the surface gquiiib;ium tenperature could be accurqtely
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simulated is the’surface albedo. However, the albedc cannot
hevreliahly measured reactely unless the incoming solar
radiation at all foints on the surface can be accurately
sinulated.. Otterman and Fraser [31] have‘sucdessfully
measured aibedc frdn LANDSAT over horizontal terrain, but,
for rough terrain, maps of solar radiation, like those of
vtigute 3, vwould be a necessary pretequisite to cemote

seasuregent of albedc.

In the preseant applicaéicn,.the wind speed was
telatively auniform over the study area. If the surface
téhperature is to be accurately sisulated over a larger
elevation range in mountainous terrain, the air flow and
dtainage will also have to be modeied. Alternatxvely, in

cases uhere thernal data are avaxlable from aircraft or

i

spacecraft, the amcdel conld be revised to solve for wind

speed.

The present model is designed for either bare scils or
low, grassy vegetaticm. Tc apply it to an area uf trush,

fd%est, or cropland, where a definite canopy exists, the

radiation attenuation by the CQDOPYstle have to be
 cons1deted IBOJ ‘and the convectzve processes Ln the canopy

‘“uould have to ke uodelled La].f;

| During periods of cloudy Heafher. the simulaticn ofl)
incoring short- and lcng-wave radiation becomessmore
difficult. For scre applicaticns of thgfhédel,ufsr sxample
géological ptospectinéwfrom thefmal imayery, overcoming this

groblen is not neceSSaty, because imayery would conly be

s - f.:_::,_‘/-*' I T
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available on clear days. However, if the model were used to
aid in the simulation of some surface process over a longer‘
time reriod, the energy budget vould also have to be

calculated on cloudy days. The need for supporting

,  measurements of solar radiaticn would increase on clcudy

diys. In particular, both the beanm and diffuse coapcnents
would need to ke measured, sc that proper cospensaticn of
Slope and exposure effects could be made. If, however,
accurate measuresments wvere availakle, the absorpticn and
scattering coefficients could be determined from the
measurenents instead of froa equafions (14) and (15).
igplication of the model during partially cloudy wveather
would require careful analysis of the time distribution of

the clocud cover.

Incoming long-wave radiaticn is more difficult to
deﬁeruine, and for scme applicaticns of the model an
aqcurate estimaticn would be quite important. FPor exanmple,
neltipg snov typically has a relatively high albedo in the
shortfuave range, theretky :educing.the imgortance of solar
radiation and conseguently increasing th;vimpo:tance of
thermal radiation as an ene:gy 'source. It is probable that
cloud temperature estimates frcm =ateli1te measurenents
could be used to estimate an effective aémospheric
emissivity; and this appears to be an Atea for‘useful

tesearch in the future.
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Table 1 m

Fourier Coefficients for Solar Declimation and Radius Vector

501§r‘Dec1inaticn (:adi;ns) |

i E a, (cosihe coefficient) b1 (sine céetficiént)
o .5796702596x10-2 | 0.0 N
1 ’i y -.3959070840 | .7359755022x10-%
2 -.6068166326x10-2 .7560534210x10-3

3 -.2363085071x10~2 «1389717739x10-2

,Radins’Vecﬁor

i oAy gcosine coefficient) bi (sine coefficient)

o l1000108431x101 0.0

1 ~.1673661579x10~-1 - -.4951856474x10-3

2 | -.1203091198x16=3 = ~.1790695747x10-*

3 «3517325527x10-5 | -.1608389648x10~3
)
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Input Parameter Val?es for Simulation
) !
|

; e ! R .
D#te - August 4 .
l%r Pressure ! 835.0 ab (at 1790 a)

Dust content of atmosphere 0.2 (i.e. 1606ba:t ca—3)

P#ecipitable vater 20 oa

Mr tesperature 7.49¢C

Air relative humidity ., 0.81

Dry albedo © 0.20 to 0.33
uJ , Wet albedo 0.15 to 0.24
%; co Soil surface relative 10.30 to 0.70
g | humidity T
'E‘Cl' Wind velocity 2 n sec—t
;; Boughness length .02 to .10 o
" Soil porosity = . «08 tao .48

Soil thermal conductivity .87 to 4.6 W m—1 OK-1

¥
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Table 3

t
[

Thersal Broperties of Surface Baterials (segffigu:e,2)

R S _ thermal : ~ 'soil
;jf‘ N PR conductivity : 7 water
] L W w1 OKk=% porosity: fractiom zg(m) albedo

ﬁ@sibnal debris
ks

0 tc.1n .87 . .28 1.0 .02 .2to.3

(2B

* Al to.2 @ 4.5 AT 1.c
2t9a .71 .10 1.0

:f Areas of nmass ‘
O sovenent R { ' y

0 to.3m .92 .30 .7 .05 .28 to .33

LTI, B oL

Bedrcck sloges
with surface
debris

0 to .3 @ 2.7 . 30 .3 .02 .15 to .20

3 to9m 1.4 .30 .3
Moraire | R
0 te >l m 4.6 280 .§ .10 .15 to .20

--‘--‘.----‘--------/ﬁ{‘---b-_“----.

ORIGINAL; PAGE IS
OF POOK QUALITYS




Table 4 -

Comparison of Temperature Amplitude and Phase

| ‘Amplitude - | o Phase
Site . cbserved ﬁinqlated o&sgrved Simulated
1 T A 14.8 | 1130 ' 1215
2 16.5 14.8 1210 1230
3 18,3 16.6 0930 1100
4 315 ©20.1 0930 1115
5 20.5 - 18. 1 1600 1500

- 364
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Coaparison of 2:30 ‘a.m. and 1:30 p.8. Temperatures

2:30 a.m. o 1:30 p.a.

Site Observed Simulated Observed Simulated
1 3.$ f 5.2 16.4 19.4
2 4.7 5.2 18. 3 19.5
3 5.0 5.2 20.8 S 21
4 2.8 4.9 17.0 18. 8
5 5.0 T3 19.0 . 16.9

Difference !
Site Observed Siaulated
1 12.9 4.2
2 13.6 4.3
3 - 15.8 16.2 B
) . w2+ 13.9
5 4.0 13.8
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5 < Contour interval is 100 m.

% I e ()
T L | "
v 48 ,

;;; Captions f.r Figures

] » 1. Ccntour map of test area aand surrounding tercain.

| ?
2. Enlarged contour map of test area at contour interval of ) 1
2# m, and map of surface materials. Numbered points i
i&entify lccations where surface temperature data are . é
aJailable. Points marked by letter are referenced in j

| |

text and subseguent figures.

3. Incoming solar radiatioa on Augus; 4, from 0600 to 1800

(sola:'tihe). Contour interval is 50 W m-2.
4, Net all-vave radiation on August 4, from 0200 to 2200
hrs. Contour interval is 50 W i-a, with supplementaky

contours at 25 ¥ a—2,

- Se N?t daily solar radiation (left) and net all-wave
radiation (right) on Augcst 4. Contour interval is

2 8J m—2,

6o 7ptface equilibrium temperature (°C) from 0200 to 2200

??s on August 4. Contour interval is 29,

[
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