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ABSTRACT

Introduction

One of the important environmental components that is strongly influenced by
topographic factors is the snow line altitude. This phenological measure has a high
impact on other environmental components such as climatic, hydrological, water
resources, biological (plant and animal) parameters, etc. The snow line altitude has an
impact on the water regime and base flow of the main river, the temperature regime of
the downstream lands, and even the radiation balance of the region. The snow line is
the boundary between snow-covered and snow-free lands, and can be examined and
estimated in daily, monthly, annual, and multi-year time intervals. Monthly and annual
changes in the snow line altitude indicate the temporal changes in snow cover and the
duration of snowfall. Analyzing the changes in the snow line simultaneously with the
extent of the snow cover, in addition to knowing the snow cover elevation levels in
each month, reveals the effect of snow cover changes on the snow line in each month.
By simultaneously using snow cover telemetry data and digital elevation model, it is
possible to analyze the snow cover status in elevation bands and snow line altitude
changes at different time scales. This study was conducted with the aim of analyzing
the phenological snow line altitude in the northwestern part of Iran at different monthly,
seasonal and annual time scales.

Methodology

In this study, MODIS daily snow products called MOD10A1 and MYD10A1 were
used to analyze the phenological snow line altitude. The data were downloaded from
the NASA website and were adjusted daily from 2003 to 2020 in the database. First, a
threshold of at least 0.1 was used to convert snow cover to binary (presence and
absence
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of snow cover). With data fusion and integration algorithms, spatial neighborhood filtering and temporal filtering
reduced the effect of cloudiness. Data from the Japan Aerospace Exploration Agency were also used for the Digital
Elevation Model (DEM). Then, the snow line altitude was estimated in two ways: 1) the zero-degree Celsius isotherm
using LST data and 2) for each cell in the raster grid, whether there was snow cover or whether LST was zero or below
zero degrees Celsius; monthly, seasonal, annual and long-term, and area maps were prepared and drawn.

Results and Discussion

The snow line altitude pattern in January was at its maximum phase in both algorithms used in this study, and this
phenological parameter of snow in the Northwest Territory reached 1729 meters based on the first algorithm. According
to the second algorithm, a negative temperature anomaly combined with snowfall has led to the advancement of the
snow line to lower altitudes and the snow line altitude has reached 1974 meters. The maximum snow line altitude phase
in January has occurred towards lower altitude levels compared to other months of the year in both algorithms. The
lowest Snow Line Altitude (SLA) in the northwestern part of Iran in both algorithms is related to the months of January,
December and February respectively, which is the result of the snow line spreading to lower altitude belts. According
to the first method, the maximum advancement of the snow line altitude has occurred from August to September and
according to the second method, the maximum advancement of the snow line altitude has occurred from October to
November. The Snow Line (SL) is extended to lower altitude belts in the winter season and in the first and second
methods, it has been shifted to altitude levels of 1894 and 2230 meters in the maximum phase due to a significant drop
in ambient temperature and the presence of suitable conditions for the maximum expansion of snow cover, respectively.
Based on the summer snow line pattern, the snow line altitude is in the minimum phase and in the first and second
methods, it has been shifted to altitude levels of 3425 and 4805 meters, respectively, due to air warming and subsequent
snow melting and a sharp drop in snow cover levels.

Conclusions

Considering the evidence and climatic realities of the studied area, the second algorithm, in which the presence of snow
cover along with zero or below zero degrees Celsius ground surface temperature is used, can be more efficient and
suitable for use in estimating the snow line altitude compared to the first algorithm. According to the first and second
algorithms, the snow line altitude was in the maximum phase in January and in the minimum phase in July and August.
The increase in air temperature, snow melting and a sharp decrease in the snow cover extent in July and August caused
the regression of this phenological snow characteristic to an altitude level of 4811 meters (Sabalan Mountains). In the
second algorithm, the maximum advance of the snow line altitude occurred from October to November by 1374 meters
towards lower altitude classes. The snow line altitude in winter (maximum phase) was moved to an altitude level of
2230 meters according to the second algorithm and to an altitude level of 4805 meters in the summer pattern (minimum
phase). According to the second algorithm, the years 2011 and 2010 had the lowest and highest snow line altitudes with
an altitude of 3408 meters and 3692 meters, respectively. Analysis of the long-term pattern (2003-2020) showed that
the maximum snow line altitude occurred at an altitude of 4811 meters from June 20 to September 21, and its minimum
at an altitude of 1922 meters on January 19.
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Figure (2): Average snowline height in Northwestern Iran in different months of the year (First method)
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Table (1): Changes in snowline height in Northwestern Iran in monthly time period (First method)
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Figure (3): Average snowline height in Northwestern Iran in different seasons of the year (First method)
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Table (2): Changes in snowline height in Northwestern Iran in seasonal time period (First method)
Jad | (M) jredp eli)l (ke | (M) Ol ks
Sbis) YAQ¥ -YYY
e YVEY AYY
Ol YEYO ZOA
b YASY S\YOA

28



RULCER IS ey yody g4l SO 390908 (Gol5Tg

WYl Sl o3l 55 (LST) cymo gebaws lod b L 55 (SLA) 55008 y1 5 5l &l yusis

s Jls ;0 (SLA) 5,008 5 glas )| e poll ol pows oo lis g, Jlods aigy j0 AVl Slejosl jo 1) 5 w8y elas,l oIIT S
oalS sl sl 5l > o Slej o3l cpl (b (SLA) ;5,08 5 slas )l a5 ols jlis baazdly aws oo lis 1) Felae polde i
LYW Jlo @ bgs e SLA) 08y elis)] o eS 4 Canl ol [ SLiS o gy oGl 0090 ial38l slls ba Jlu 51 cam jo g
ol e YYVO el I L Y-V Jlo 4y by o (SLA) 58, glas )| o iien 5 %0 YYAY gl )|

2900
2800
2700
2600
2500
2400
2300
2200
2100

- snow line Altitude ;.8 glas )|

> &
SRS
AR

(U3l ohgy) 4¥le Gloj 03b 10 (oIl @y Jloud 53 55008 2 W] (uleo :(F) S
Figure (4): Average snowline height in Northwestern Iran in annual time period (First method)
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Table (3): Changes in snowline height in Northwestern Iran in annual time period (First method)
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Figure (5): Average snowline height in Northwestern Iran in long-term period (2003-2020) (First method)

(P95 (59)) ol (s25¢ Sl aigy 53 SLA) 55008y £S5 &l puti' 5959

Sl Slojy o3l jo (LST) (ymo) gbauw (slod g gyd yr ol 31 eolasul b (SLA) jpod y g lai )l ol i

(SLA) 008, glas )l e olasl ol im0 ylid o8 Jlads gy (o ailale Sloj o3l ;o 1, (SLA) ;08 5 glas )l so3NVY b & IS
Sy 50 50 VAVY &y Sldllas aigy ;0 5508 £l )| (poe VY U (60 VY) augilole jo ams oo ylis ] Fglatin polae aliBre slaols jo
Wpda (5SSl llpd (plee 5 (anme slod wad 8Ll L e (al o)l Jlo laole (soles (53 1) (e 0wl &S
3 Sbllao 550l 1) (SLA) 5008 eli)f (L STy 7 S8 0518 by (ol )] Sliks (9w dy (o) 2 3590 ddlate )3 (D98
Sl a9 00,5 Jo3 pomb o)) ol o as oo cpl j0 (SL) ;008 5 sl (aseive oS 4568 jlod om0 g0 LS 453l
o 0l 99 g5k rgl olo o (S0 e el B S 5y o 1, ol (ladslinsS g adipe J8 (olod gty g odmsy y2o VAV
Sbodgs el ol mly Slelis )l 4y ey JUT s S AL 3o, Lolen ples i 5)lmial o (Sike a9 )b g Lo
0395 35y 55 Slogh Z38 Dlelis )l e5,0 grz o plidele 5 aillabes o)l 15,5 0 b Dlelis )l 985 5 (Do g (SLinsS
» Jeie Gllllas agy o8 Olelas)l § Jlods ;o Elo SWLS ¢ £loo )3 fboligd wlelay )l (g 1o sall 5 doi Joz SlwnsS
dilate ;o |, Jhgrdy dicin (B yieS Candg opl Wiled S aryms 1) Jald i haud g pedalS aVIs by 0 gl (slaolS>
oo &S gl pl b el 4 gily b aglice (qiawl AU poge YY) 45598 10 (SLA) jy0c8y elas )l IS 663 el 00 08, oy 9,90
s ol il odp;y e YIS el )] 515 4 S590e08 dadeino (] g 00l 03438l (SLA) ;08,0 las)] pn (hedy 0 S yials

30



RULCER IS ey yody g4l SO 390908 (Gol5Tg

bl Vo) oo ole glad yiiSTy (6o3 ol 5 (Y ISKS) o)ls pYL el )| slaasl Caos 4y (SLA) 55008 5 slas ) Jlasl 51 oS>
b3l Sow a4 Bp Suiglsid adlie (nl 9 my LIS 45 03,5 Iy Bgw S YOMY (03, @ olo ()3 550 el (0p0)9 8 VY U
C)Lcl.a.u)‘ ‘U""?B)" 9 Q)L.M.v I 6[.@055@) olo QJ'.‘ )\3 o] @L«JU&A L.Q‘J )é wydf o).‘.uf u,uj.o.l.c u,.@lf )| K9 LY (5’@95 SCLQJ)‘
5 b Al eVl (55 03 oygl JB ol Glalllas gyald 6 Slelis )| (30 gtz 0 pilb Slelisyl S50y Elo aAld 5 il
Wlosgs axlge |, ol s i b oasSTy & jgoas Jlod ;o Elo SolS Slelas )| cogix )0 9ol g daiiz Joz SLewdsS 0095 ¢ Jraid
(SLA)))AA_Q)J &LQ))‘ ‘()94)9{»» WY O‘O)A \ ‘)w;‘ G (w.e»a“»))‘ Vo U5 Q-.’.o)j)é \Y) J.:)JT LgLQoLA ‘S:La.é LgL‘b}ﬁ‘ ‘)»Lw‘].: (/\ Jiw)
3 By oide 8y Cewd 3l g By ed (e sled (gogro s LS S 00,5 Oyl e FAVY 4 s YAV Sl lacle ol o
Sl ol k> YL Slelss )| 4 plate o S L o 0,5 slools (samw 4 &S 1> b 9380 500 O)le a4 il Sllllae aigy
g CoalS oIS by 03 ¢ ygl B 0aiS T g0 g g g D SlwasS slvosgs Jplole 1o o opl ;0.0 LA ol
05 1) Glpd iz g 009 22l g J3U sl (B B Sl (Dl ladsS S8 oS e STE (s sloole )3 5 0j8 50 Jhaid

...\3‘0\);
9192 slod yiol38l o a4y sy 9,90 00905 ;0 jredy £l )] (oo yen AL 00 0 Vo) CangST g (Bloje AL 5 V0) Ve o
0 7S ol )3 50 Bl 03 Gl 4y o0 Dl A )3 e (e FAVY) 055 jladie ain a0 B A5IS (6l lailyd obe
Jeiio 0,5 0,90 (poled slaole (lgicds CawsST g (Vo ;0 o TANVY U o p 0,90 (polad ol (lsicas aygily jo e VAYYF 51 oLl e
oSl g Yoz Som & gl Sl B iy BB (LBl g B SIS Slaee; IS 550 al3l 5l LA £9d9e cal eadly o ianl
Jase pYL el )] slosl s ay by ol )l slaslys 5l cwsSTg (Ve 4 aygily 51 (SLA) 08y gl )l as ol pixe oy ol o)l
e (slod sl 2alS g0 w090 el b lojen yolwd (o 4 CawsST g GV 5| (SLA) jyecdy elis )l ¢ bilis ;o .l 00l
a500,8 Szles by (Sl S35 g 4 Sllllae aigy o Gigdy cislae (S T Jlis 4 5 B el g o 561
phie Kial S L Jlo 8 slaole (g a0 &S 1> b ogd 508 S)le a0 (VY B # JISCaD) ol oo, 5o VY0¥ o5 lade
eolwd 5 45568 sl slavole 4 i i A oy O 90 ddbaie ;0 (SLA) 08y eyl o iaS ol oals Jaiie Jopml Slelas )l 4
S o ST Sl ol Sl (o 4 jb s 595k 45 00 olais]

46°300"E 28°00"E
T —1—

25°00'E 46°300"E 48°00"E
— L T e

45°00"E
—

900N
T
39700
39900
39700

37°30'0°N
37300°N
37'300°N
37°30'0"N

36°00"N
T
36'00"N
36°00"N
36°00"N

dapl) elo 15,097

vy

Y
D oW A0k
n

4398 olo 133085

Ll

=
Do mm
n

L 1 L ' L 1
a5'00'E 46°300"E 48'0'0"E a5'00"E 46"30°0"E 28°00"E

(42599) olpl @8 Jlods 55 5 y0d 2 gyl (ST (V) JS (a913) olnl @8 Jloib 53 5p0dp Ll STy :(P) S5
Figure (6): Snowline height distribution in Northwestern Iran (Jan) Figure (7): Snowline height distribution in Northwestern Iran (Feb)
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Figure (9): Snowline height distribution in northwest Iran (April)
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Figure (8): Snowline height distribution in northwest Iran (March)
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Figure (11): Snowline height distribution in northwest Iran (Jun)
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Figure (10): Snowline height distribution in northwest Iran (May)
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Figure (13): Snowline height distribution in northwest Iran (Aug)
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Figure (12): Snowline height distribution in northwest Iran (Jul)
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Figure (17): Snowline height distribution in northwest Iran (Dec)
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Figure (16): Snowline height distribution in northwest
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Figure (18): Average snowline height in northwest Iran in different months of the year (Second method)
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Table (4): Changes in snowline height in northwest Iran in monthly time period (Second method)
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Figure (20): Snowline height distribution in northwest Iran (summer) Figure (19): Snowline height distribution in northwest Iran (winter)
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Figure (22): Snowline height distribution in northwest Iran (autumn) Figure (21): Snowline height distribution in northwest Iran (spring)
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Figure (23): Average snowline height in northwest Iran in different seasons of the year (Second method)
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Table (5): Changes in snowline height in northwest Iran in seasonal time period (Second method)
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Figure (24): Average snowline height in northwest Iran in annual time period (Second method)
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Figure (25): Average snowline height in Sabalan and Sahand mountain ranges in annual time period
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Table (6): Changes in snowline height in northwest Iran in the annual time frame (Second Method)
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Figure (26): Average snow line height in northwest Iran in the long term (2003-2020) (Second Method)
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