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Abstract

Solar irradiance and synoptic patterns are critical factors influencing the distribution of snow cover in a region.
Variations in these elements can significantly impact regional snow cover. This study explored the effects of
downward and upward solar radiation, as well as geopotential height, on the snow cover extent of the Karun and
Marun river basins. Daily snow cover data were extracted from MODIS Terra satellite observations and
compiled on a monthly basis. Data on geopotential height and solar radiation (both downward and upward) were
sourced from the NOAA National Centers for Environmental Prediction over a 22-year period (2001-2022) and
subsequently processed. The synoptic analysis confirmed that atmospheric patterns, geopotential height, and
solar radiation significantly influenced the snow cover in the study area, particularly during colder months.
Specifically, a negative correlation was observed between geopotential height and downward solar radiation at
the 0.05 and 0.01 significance levels. Conversely, during the cold months, an increase in upward solar radiation
was directly associated with an expansion of snow cover extent. Notably, synoptic maps indicated higher upward
solar radiation values during periods of substantial snow cover compared to those with diminished snow cover.
Overall, from November to March, a decrease in geopotential height and solar radiation correlated with an
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increase in snow cover. This study highlighted a robust relationship between fluctuations in snow cover and
variations in geopotential height and solar radiation within the examined watershed. The ability to predict these
variables offered valuable insights for forecasting snow cover changes, which is crucial for effective water
resource management, especially in tackling challenges, such as droughts and floods.

Keywords: Snow Cover, Karun and Marun River Basins, Geopotential Height, Solar Radiation Flux.

Introduction

Solar radiation, or solar irradiance, refers to the radiant energy emitted by the sun. This energy is a fundamental
component of the Earth's climate system and plays a crucial role in various biological and physical processes on
our planet. Both solar irradiance and synoptic patterns are essential for determining the distribution of snow
cover in a region as changes in either factor can significantly affect regional snow cover. The primary objective
of this research was to evaluate the impact of shifting atmospheric circulation patterns on fluctuations in snow
cover within the Karun and Marun river basins with a particular focus on key parameters, such as geopotential
height and solar irradiance. The findings of this study will provide valuable insights for both short-term and
long-term planning, addressing challenges posed by climate change, including droughts and floods.

Materials & Methods

This study examined the relationship between atmospheric patterns—including geopotential height, downward
and upward solar irradiance, and snow cover extent—in the Karun and Marun river basins located in the
southern Zagros region. Data were collected as outlined in Table 1. Utilizing MODIS satellite data with a spatial
resolution of 500 m and the powerful Google Earth Engine (GEE) platform, we analyzed the river basins over a
time series from 2001 to 2022. After applying necessary corrections to the data, satellite images were processed
on a monthly, seasonal, and annual basis. These images were then converted into binary formats to distinguish
between snow-covered and snow-free areas. The Normalized Difference Snow Index (NDSI) was calculated for
each pixel to assess snow cover extent. Following this, snow cover images were converted from pixel values to
binary values (0 and 1) and the NDSI snow cover was categorized into 6 distinct classifications. To further
investigate the atmospheric structure at upper levels and its relationship with snow cover in the study area, we
obtained data on geopotential height, downward solar irradiance, and upward solar irradiance with a spatial
resolution of 2.5° x 2.5° from the NCEP/NCAR database. The quantitative relationship between snow cover
across various categories (low, medium, high, dense, and total snow cover) and the synoptic patterns
corresponding to the Karun and Marun river basins was analyzed using Pearson correlation methods.

Research Findings

In this study, data related to snow cover in the Karun and Marun river basins were collected from the MODIS
satellite, along with information on geopotential height and upward and downward solar irradiance at various
atmospheric levels. The data were organized and analyzed accordingly. The results revealed a significant
relationship at the 0.05 and 0.01 confidence levels between geopotential height, downward solar irradiance, and
snow cover extent, particularly during the winter months, especially in January and February. This correlation
persisted throughout most of the cold season. In contrast to the previous two variables, upward solar irradiance—
which reflected energy from the snow surface—exhibited a direct relationship with increasing snow cover. For
instance, in January 2014, snow cover extent was above the normal average, while in January 2019, it was below
average. During this same period, the average geopotential height in January 2019 was notably higher than in
January 2014, indicating differing atmospheric patterns for that month. This trend also applied to February. A
comparative analysis of maps and atmospheric diagrams confirmed an inverse correlation between fluctuations
in geopotential height and downward solar irradiance with snow cover extent in April. Specifically, an increase
in geopotential height at the 700-hPa level in April, similar to the patterns observed in colder months, was
associated with greater atmospheric stability and a reduction in snow cover extent.

Conversely, an increase in downward solar irradiance resulted in higher temperatures and accelerated
snowmelt, leading to a decrease in snow cover. From May to October, a significant reduction in snow cover
occurred as temperatures rose and the rainy season receded, resulting in no notable correlation between the
studied variables. However, starting in November, as precipitation increased and snow cover expanded, the
correlation between the variables strengthened. In November, a negative correlation was observed between snow
cover extent and both geopotential height and upward solar irradiance. Specifically, as geopotential height
increased, there was a confirmed decrease in snow cover extent, particularly in the medium category.
Additionally, during this month, an increase in downward solar irradiance corresponded to a decline in snow
cover across all classifications. Conversely, an increase in low-class snow cover showed a significant correlation
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with rising upward solar irradiance. Thus, during the cold period from November to March, a decrease in
geopotential height and solar irradiance was associated with an increase in snow cover. From December
onwards, the correlation between these variables and snow cover reached its peak. In essence, varying
atmospheric patterns during periods of high and low snow cover significantly influenced the overall snow cover
extent.

Discussion of Results & Conclusion

Overall, the strength of the correlation between the variables fluctuated across different seasons. This correlation
was notably stronger in autumn and winter. The analysis indicated that geopotential height and solar radiation
were two primary factors influencing snow cover. A decrease in geopotential height, along with a reduction in
downward solar irradiance, contributed to an increase in snow cover. During the cold months, snow acted as a
reflective surface, reflecting a significant portion of solar radiation back into space. This reflection resulted in
higher upward solar irradiance, which helped maintain lower temperatures and supported the persistence of
snow. The findings from the synoptic analysis reinforced the impact of geopotential height and atmospheric
patterns of solar irradiance on snow cover in the study basin, particularly during colder periods. In essence,
geopotential height and downward solar irradiance demonstrated a negative correlation with snow cover extent
at the 0.05 and 0.01 confidence levels. Conversely, during the cold months, an increase in upward solar
irradiance was directly associated with an increase in snow cover extent. This relationship was evident as the rise
in upward solar irradiance values observed in synoptic maps during periods of high snow cover was markedly
distinct compared to periods of low snow cover in the study basin.
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Figure 1a presents the geographical location, and Figure 1b displays the temperature and precipitation variability
at selected stations within the Karun and Maroon river basins.
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Table 1: Dataset used in the Karun and Maroon river basins over the 20012022 time period

L S SSE ol | Sy SSKB o0 | Gl g e & e3l> &
NP IR <lysy | Yeor=Yevy | (MOD10A2) 550 Sloolsale 3L s
=l L mbas, oAb L Slam,3¥/0%Y/0 Slis, | Yevy=veor | AVHRR Glolala BL s
ety 55 i) 5 Ve, NOAA
G Slaais g, | YrYY=YerA oy gl | i gL sesls
flf\:mll L
XS
(vf:}ﬂ O 030 B U 2l G ) Calie glaatas ;3 by ide Gy Slle gy 48 BLI I aslsl s
O g g S 55 3 2l Uy sy 5 Wl 5 mmlyiess otals 5L ¢ ol 55 L) (sl i L

Ly oS ite 53w bS5 o8 B s o 1) OSGl cpl il gast Oliises 40 55, ool Ad o
DLl g Soo slnens i oo 5 aloms 03 S5 ite 8 iy (o (Sied 5k s ST (e
Al ol slaml Slalin glaesls o ()13 gre Stuwenr 45 (5150 53 Jlaide Sl 5 G il g Ole
DL 1y ke 53 ol Dliosomd kS (s oy gty Lol sad o e 7 50 L0 (gl (gl 5o
030l L (e (VWA ¢ S1y 55 5 (63 sammson (gilemms) L3lu go SIKET 1) Laosls Olg (sla 1 5 das e
A shades sla S i Vw5 mbas) R Jensly 855 el ldes glaaiss |l
Golal sla sy aslsl 5o ds s 5 o 55 Ossle 5 058 3ol Gbbas s 55 Gy iy bl g

) ol GJ;..‘ Jﬁgu)yhﬁ¢fﬁjﬁw\)>ﬂmﬁ@w Z)m)w”ls‘u

Lz

Sloslgale slas 5l edelwsay G id g gbsesls dulie Lol (glojlgale pslas 5 oy i g oo lis]
Sl Al ) il (slosl sl S puams Ol Sl 5 235 bl 6l ARl Jie slaosls mbia L
el oo Sl OLay I b Lol 3 s 5 Sloslsale o 51 (gols paiiis Glann S cins 5 8 blE S
Ol Jlme ool S o (S o3Il sddedalive pslis 5 owess pslis o sl o Sle (ME) 5,5 L bL
Al e s 4 (1) il 5l oS 550 -‘)ﬁ"ﬂrs bososl ot & biled Sletnes [ sbar (Jute LT S aas e

ME = (%) X X (Xo — Xs) (V) akal,

S e ol ol sddedalin polie 5 e polie o (alex) sl (MAE) Lot llas 508 Sl
.(Houghton & Hackler, 2001) aas s olis (e b o) WOl g 5 5 155 53 0so |y allast Lo e

MAE:(%)XEH(XO_XSN (V) ik,




VErE OF yled A8 by P Dl (i 5,0l 5 Wl Vet

5 Slool sl laesls w5l 51kl O il 33Ol las opl (RMSE) Uax il o S0k 2
(Lenhartetal., 2003) ol g olas slasolis aS llie ool sl

RMSE = (3) x {/E(X, — Xs)? () iail

R &) smas iij 5 el L}.ALQ.M_\ Sesls 5 gloslgale slaesls o u'l"" L Ol e sliasOlis las o
OYVA (b 5 s SE3lis) s5ls 513V B =Y O e 353 e oals il

R=__X0-Xo)Xs-X9)'{=1%.

[(X0-Xo)N=132. (Xs-X5)215.

Lacsls sl N 5 slaalie glaesls wﬁla.a X0 sloylsale slaesls Xs ¢ Slaalie slaesls X0 $ 56 Loy, s

(£) dayl,

Ao e ga 20 Jsdr &) 5o L;\o)\jmbﬁjwjdalf;w{\&uo:bw@u oLl s &S

NDSI asls
G55 O g 3 15 padi 5 aess (gl &S Sl (g3 2 Li NDSI L Gy 53l 5 ooslis oL
tmales enbline s oS i Sl dlisie AL 55 53 55 S5k Olpee Aeslie b st L cpl 55500 5 4 e e
Sleddg bl slubs ol (NDSI) 5y (b sddle ) el 5 i e ibs baelgale Lo g5 oS 548 o
(Hall et al., 2000) col 25 &) srts NDSI ilos J 305 .3 55 g0 o3binal (glolsale s slas ;5 G

250 Ysane) o5 58 50 3035k L s L2k Slade SWIR oY L Ygene) jew KL 5 L334 luis Green
oL Sz s 7 B0ssle s 534S Jlms 0ol (6ol sl U5k G Bl oz 00) (e ik 50 S (0
Lol o= 5 ALS idy oSt dile SKos slaodods 5l ok ¢ Joliays .S o il |y (50l usa(SWIR)
conl pls edgls olie Lad ki, (e e OLE 1y Oy 5l Sslize (o S tisls SWIR s (6oL 5 Sk 4 S
Al s Cows 4 (0) daly 5INDSI 2 ls

GREEN-SWIR

NSDJ = 220 (0) i,
GREEN+SWIR g

Aoy 5 (o0 LS
Ol ets Ly ol e 4 s 5 5 63505 20 S §same 85 Cline (s e (551 Jalas Ll
o (Ol 5 wsmmme) LS oty o Lo i 8L 53 L2005 Saben sl pt 125 (65
Gl (RN) ot 2l oJslas cal (85 ] ot 31 S 233500 0D s 53 b 353 o e Gl bl Jaoms

O3l Al e S s (o B iz ge Sl (56 5 (Ut 5 5) ob S sn Lalls b Jolis 5l as

! Normalized Difference Snow Index



Vo O en 5 5 pls Rl adgm By fdg p il 85 gLl shd) s oG L (08

551 Ol 302 0Lt5 oS WM ™2 ) s 2l RN 25 0 Ol S50 0l 0 (6 g 3 206
ol bl 1 el b cdaily pl sl g il (V) daly G bl ccsl (e pmbas Lo 5 8L s> Il
s S SR RST (WM™ ) (63555 o6 S pn (26 RS| im0 o Ol oo 2030 Sl
WM™ - ) s 7 bz s GRURLY 5 (WM™ ) (2555 ik yo GRERLL c Wm™2 )

(LioU, 2002) 15 ags 28 ddaly ol 53 5 (8) e 6y 5 (0) e SB3L gy

RN+HL+HS+HG=O (‘\):ﬂ.}a;b
Ry =Rgy(1+ @) + (R, + Ryp) (V) dal,
RSt
=— (A) ial
Rsy :

GRE o WM™ s ) (5 5 ob Sz ge (MU Rst 5 WMT2 o ) (3555 oSz sn 26 Ry oS
o NS € b e 35l 5 el Sl s Sl wtls O s 2SS 5 Loz (e e ) Al 5
Ry =¢.0.T* (A) dayl
RLT .
- (1+) i,

Aed o mbarg, g Yhay, b,

(US) w5 b, 50 Ll
S, = S, X COS(6) x (1 — A) O) 2

S o o A (LB VW Sly e ) iy il So sikedy s w3l 6
(Liou, 2002) (1S) iy o= Vlass, b ,la
ST=S xa (\Y) ik,

(Cb3L nd) sla =

NCEP/NCAR (°2.5 X (slaosls 5 (e 0+ +) MODIS (slaosls il K85 5 1 Sl L5 & oyrimeos
e sl e S e B0E 4 (Shees 5 lalie sl Jlos (6l Waesls (nl B s g p5Y 55 °2.5)
S S S oml Bt el e o 505 b0 53 a3l eslized L MODIS Gy iy (slaesls
s esls ool e | cnd Bl Oladllas s (6 mwy slaesly K6 SS& uis 6l Joldie sla o,
oy patae foeSy o TS5 e S 5 A e (5, s o e slie sl Sl 5 035 i 1 T Sy
Chenetal, ) cul b O 5 idg slaesls i gduaib Coale Lais (gl 5 aS s oo G Ll |y

o oS bl U was s bl sla sy sl eslizad b by il g slaesls ¢ lowe ulids 55 (2012

! Nearest Neighbor Resampling



VErE OF yled A8 by P Dl (i 5,0l 5 Wl v

O ot Shen Sl Sl Glaa il 50« pwed il b plide 53 353 Slsl Bn Si S sla e
DSl oS 5 55 ] 35 plolid addanlllas L5 elikoS )5 (o801 30 b s o (5 s
230k e Gl Bl lassy sl o3 S aal B 1) e Ll pd s ghiden Glasdidy f Lalgs el o
Selzs Jalse Jolime 3 Sl s Ll ol ho e O by oy Slay SIS s 01
o Oleien (s 7 5 (83505 Skl (ool L Wle) (Sealisse 5 5 (emsly 555 ¢ L850 Dbl g8 GLe)
5 Jemeile 55 gLl (S G SUIL G i sy o Dlait e BLIST 5 slides o (pias ol 035

Al bl s bl

EY ) ‘9 @u
Q (MOD'S/Terra) B Z)‘}ALA ﬂjw )‘ OMC‘J}M‘ L;éj’ Juﬁ LgLAob\J W)u&‘ c:LD ‘J:"U u.:\ BL
ool oy  Sivan Olje 45 315 OLES YAYY B Yo oA Sl a30 Lo eddanlas 2o 3 sl laesls
\_AL;.:_MMAA c(k_<_if6ﬁ)5) j'.’»}“—’ C)LGLGJ)\ Ls L;LMK.:M_l\ BEIE) &j:ﬁ JJ‘}AM BL) L;.;ﬂ) Slaalis j)j))‘d’.&w
5 oed g s B 5 LB K e s se pl il (zgml) S gl L slaelSinl 5 2t Ypens
st NY Jalee eddandlas saol&Kansl IS 6l (Bias) o)l Sl el gb il dik S S es sl Shs
SLag S eIl b anslis 53 3550 5 5 4 MODIS glaesls Solatuans boled 31 St jliie ol .ol ool s
QD«-_.AL;.» 9 Cj,wl.l 6&5@‘ 9 ('/'/\) ‘“—“1’.)‘ Q‘J.:.A U-LJLOS &Jﬁjs Cl.ﬂ_v)‘ﬂ AK.T.M.}.‘ ‘C’"L:-’ wLﬂ‘f ] wﬁ)
RSN w_{’\_:.a 6l_]a.>'d_:.l>u“)'| J_Apb @l_:.} bl Kilesls LG, (6 i L;LA%J\J;JCUJJH{%JJ@
oMl_:,.A &J‘)Ajs c@.«ﬂ_ﬂ DL Lb.?.- d‘ﬂ Lﬁ‘f.as ﬁa-v-“ &:J‘ju.:ﬂ ‘&_il;'?.v.é LSLQO&.W.:‘ DL LQQJ‘J CA.;J g;’Li)‘)‘ L(MAE)
e Sl o S0k Loy ool oosy $aolKaas] 5 MODIS (glsosls oo olas TR R ERCIE
bLs «.s—<i Olsg—sas 3 Col ol C;b b sl Sladkaine s Sl L gL &JAJS ol_<.:.w_l\ BRI (RMSE)
S o 3 8 3,5 g ool Lol azils S S35 38 o g o S13 53 b OS5
L -3 /L:.m; sble ol )5 (gloyl gale (slaesls das o OLES &S des (gloddas o RMSE islie gl )ls 50
Sloslgale 5 A&l Glaesls o 1y BlsS o e ghls a8 oBausl JS,sba .l 0o s Oliamen Ll

(Y Jsas) asb JAKL%‘&LAOJ‘J}@{&;#} Gy g i S5 s 4 Wl e aS 550



Vv O en 5 5 pls Rl adgm By fdg p il 85 gLl shd) s oG L (08

LS’L“J Lgﬂujaa.)..ﬂujb@yw&ua@.ﬁ‘juﬁ zj\jALA)' ‘_}aﬁb u.‘lj.: &Jﬁﬁjl.@ W)L&}'@Lb (Y) J}J\>
w)L‘UJM‘y LsLAaLA YaYY=YerA

Table 2: Validation results of snow cover imagery derived from Terra satellite against observations from selected
stations within the study basin during the 20082022 period (November to March)
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Table 3: Correlation between geopotential height, downward and upward solar radiation fluxes, and snow cover
across different classes during January, February, and March in the Karun and Maroon river basins over the 2001

2022 period
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Figure 2: Comparison of snow cover variability in January with fluctuations in geopotential height (HGT), upward
and downward solar radiation fluxes during the 2001-2022 period.
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Figure 3: Spatial distribution comparison of snow-covered and snow-free areas in the Karun and Maroon river
basins in January 2019 and January 2014
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Figure 4: Geopotential height maps at the 700 hPa level for January 2014 and January 2019
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Figure 5: Downward solar radiation flux maps for January 2014 and January 2019
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Figure 6: Upward solar radiation flux maps for January 2014 and January 2019
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Figure 7: Comparison of snow cover variability in February with fluctuations in geopotential height (HGT), and
upward and downward solar radiation fluxes during the 2001-2022 period
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Figure 8: Spatial distribution comparison of snow-covered and snow-free areas in the Karun and Maroon river
basins in February 2005 and February 2018
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Figure 9: Geopotential height maps at the 700 hPa level for February 2005 and February 2018
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Figure 10: Downward solar radiation flux maps for February 2005 and February 2018
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Table 4: Correlation between geopotential height, downward and upward solar radiation fluxes, and snow cover
across different classes during April, May, and June in the Karun and Maroon river basins over the 2001-2022
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Figure 11: Comparison of snow cover variability in April with fluctuations in geopotential height (HGT), and
upward and downward solar radiation fluxes during the 2001-2022 period
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Figure 12: Spatial distribution comparison of snow-covered and snow-free areas in the Karun and Maroon river
basins in April 2007 and April 2015
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Figure 13: Geopotential height maps at the 700 hPa level for April 2007 and April 2015
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Figure 14: Downward solar radiation flux maps for April 2007 and April 2015
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Table 5: Correlation between geopotential height, downward and upward solar radiation fluxes, and snow cover
across different classes during October, November, and December in the Karun and Maroon river basins over the
2001-2022 period
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Figure 15: Comparison of snow cover variability in November with fluctuations in geopotential height (HGT),
and upward and downward solar radiation fluxes during the 2001-2022 period
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Figure 16: Spatial distribution comparison of snow-covered and snow-free areas in the Karun and Maroon river
basins in November 2007 and November 2018
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Figure 17: Comparison of snow cover variability in December with fluctuations in geopotential height (HGT), and
upward and downward solar radiation fluxes during the 2001-2022 period
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Figure 18: Spatial distribution comparison of snow-covered and snow-free areas in the Karun and Maroon river
basins in December 2006 and December 2022
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Figure 19: Geopotential height maps at the 700 hPa level for December 2006 and December 2022
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Figure 20: Upward solar radiation flux maps for December 2006 and December 2022
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Figure 21: Downward solar radiation flux maps for December 2006 and December 2022
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Table 6: Seasonal and annual correlations between geopotential height, downward and upward solar radiation
fluxes, and snow cover across different classes in the Karun and Maroon river basins over the 2001-2022 period
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Figure 22: Spatial distribution comparison of snow-covered and snow-free areas in the Karun and Maroon river
basins during winter 2014 and winter 2018.
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Figure 23: Comparison of winter snow cover variability (January, February, and March) with fluctuations in
geopotential height (HGT), and upward and downward solar radiation fluxes during the 2001-2022 period
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Figure 24: Comparison of spring snow cover variability (April, May, and June) with fluctuations in geopotential
height (HGT), and upward and downward solar radiation fluxes during the 2001-2022 period.

Conl arg) oot ,ls BEEIHEL ===, o, g

W N MOKNWLB

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
AN y

S S (HGT) sl 55 £l Sl b Gualos 5 ol 51 (slaole) sy b 1 i gy iy Alin s YO S
Yoo N=YaNY s b gdds et Gmbias, 5 Vla,

Figure 25: Comparison of autumn snow cover variability (October, November, and December) with fluctuations
in geopotential height (HGT), and upward and downward solar radiation fluxes during the 2001-2022 period
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