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Spatiotemporal variations of snow phenology and its influencing factors
in Baishan city, Northeast China

Feng Xiaonan, He Handong, Wu Lili, Zhu Long, Wang Fengwen, Niu Guobao, Gu Chengsi
(School of Resources and Environment, Anhui Agricultural University, Hefei 230036, China)

Abstract: [Objective] Snow phenology is a critical parameter in studies of hydrological processes and climate
change responses in cold regions, and its spatiotemporal variations directly impact water resource allocation and
ecological security assessments in mountainous areas. This study aimed to quantitatively investigate the driving ef-
fects of temperature, precipitation, and topographic factors on snow phenology changes, as well as their interactive
effects. [Method] Based on the NIEER AVHRR/MODIS blended snow cover dataset, combined with meteorological
and topographic data, this study employed trend analysis, Pearson correlation analysis, and the geographical detector
method to systematically analyze the spatiotemporal evolution characteristics and driving mechanisms of the start of
snow cover (SCS), the melt of snow cover (SCM), and snow cover days (SCD) in Baishan city, Jilin Province, from
2000 to 2020. [Result] 1) In terms of spatial distribution, snow phenology exhibits significant spatial heterogeneity
across the study area. Regions with elevations >1 300 m show earlier snow cover start dates, later snow cover melt
dates, and longer snow cover days, indicating that elevation is the primary topographic factor controlling the timing
of snow formation and ablation. 2) In terms of temporal variation, over the past 20 years the interannual variation of
SCD in Baishan has been dominated by fluctuations and shows an overall weak decreasing trend. The annual rate of
change is mainly distributed within the range of —1.0 to 0.5 d-a™', while the trends of SCS and SCM are generally not
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significant. 3) Regarding driving factors, among topographic factors, elevation shows the strongest explanatory pow-
er for the spatial differentiation of snow phenology. Slope and aspect also play certain regulatory roles. In areas with
elevations >1 300 m, west-facing slopes tend to have relatively longer snow cover duration, although their overall
influence is weaker than that of elevation. Among climatic factors, air temperature shows higher explanatory power
than precipitation for all phenological stages, indicating a stronger influence on snow phenology variation. Moreover,

interactions between temperature and precipitation, as well as between temperature and topography, generally exhibit

a bivariate enhancement effect. [Conclusion] These findings quantify the effects of climatic factors on snow cover
under complex topographic conditions and provide a scientific basis for water resource assessment in the mountain-

ous regions of Northeast China.

Keywords: snow phenology; spatiotemporal evolution; topographic effects; geographical detector; Baishan city
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Figure 1 Schematic map of the study area
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Figure 2  Spatial distribution characteristics of SCS, SCM, and SCD in Baishan over the past two decades
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Figure 3 Interannual variations of SCS, SCM, and SCD in
Baishan from 2000 to 2020
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Figure 5 Linear regression analysis of snow cover phenology indicators across different elevation gradients
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Figure 6 Comparison of the impact of slope on snow phenology across different altitude gradients
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Figure 7 Comparison of aspect impact on snow phenology under different altitude gradients
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Table 2 Results of geographical detector analysis for influencing
factors of snow cover spatial differentiation

KRB 1. B X Xov Xos Xas Xss

Xov X7 MRIMERBETIK. £FHK HHFFA.

AR SCD (¢ SCS (¢) SCM (¢) : o

BRETR 0.544% 0.436** 0.747%* AR L B R XETSCS. &L &
AN 0.566% 0.483%* 0.626%* RS BRI A BAE RS AR, HHRIR
izwk 0427+ 0.366%* 0.544%x 25 AFRESHEFIRAEN ¢ B E T HH
F 5] 0.328%* 0.309%* 0.265 e T s s N g
AFWK  0.036% 0.030 0.130% ¥°%?4mfﬁdﬁﬁ%g;%§£ZqEﬁy~a&
iﬁ[’nﬂ 0.016%* 0.019%* 0.025%* ﬁx:qj ﬁ/ﬂ%‘l*ﬁ%%ZlEﬂﬂgﬁEmrﬁkﬁijﬁ, %%E@%/E{%?
hi 0.004 0.002 0.005 TH RS R SR AR UK. M2, SCD K

e g FoRWEH T IR FoRAE 0.05 K P EEE.
SLHFNEE REW], B
RE YA, ARR PN TR B EAR
BARLR RSG5, ANAFAESSL

242 BT REFRARL

i
MEIRDA

b¢l

X

X;

hvl

PRl 78 5

X X,

X X X

L HAEHBRENT SCS 5 SCM 2 [a], S5 K
(RIAZ FL A5 B 5 T MO R T (W B e, (BT S
Wk Y SN 2 0RRE, UL S R
F) = B2 S sl [ S22 AR T

Xy As X X7 RV s Xe X7

X X B¢l

0568 0.808 0.646
0.496 (EVEl 0380 0386 0366 0.628 0763 0.723 BReR  0.566 (E7MYI] 0436 0440 0427
0041 0490 0029 0.002 0455 0304 0.759 | 0630 0033 0.005 0647 ¥, 0051 0558 0573 0028 0.004 0.517
0052 0493 0019 0299 0755 | 0634 0025 BEEINEEE] 0053 0552 0571
0342 0.486 0.388
0567 0527 0.483 0.663 0.807 | 0,626 BPE 0640 0600 0632 0566
0.228 0.326 0.258
0541 0.524 0.800 0.747 DR 0645 0628 0544
0.030 0115 X 0165 -2 0.036 0.129
300 X 0328
1302 (@ SCS ® scM ' (©) SCD
0002 0.004 0
2/ I} == 2 B 1R sE
8 EnEFHIRETE S BREMAZTEIRMUER

Figure 8 Interaction detector results of influencing factors on the spatial differentiation of snow cover
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