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Table 2 According to MOD09GQ band 2 data (841~876 nm), the river ice phenology information of the Irtysh River

from Burgin to Lake Zaysan section from 2001 to 2018 was obtained

A AN/ GE RG] S5 PKIARRSRT R (OR) WS ERoRE S WERRERME HEE R
2001—2002 104 30H 4H28H 179 1H13H 0. 67 0.71 0.21
2002—2003 10H28H 4H13H 166 1H23H 0. 67 0.54 0.62
2003—2004 10A23H 4H19H 178 1H20H 0. 65 0. 50 0.52
2004—2005 107 19H 47 10H 172 1A 18H 0. 69 0.41 0.43
2005—2006 107 12H 4544 173 1A 18H 0.61 0. 46 0.46
2006—2007 107 22H 47 18H 177 1A 18H 0.72 0.22 0.32
2007—2008 10A 16 H 472H 168 1A23H 0.72 0.35 0.72
2008—2009 10A4H 4H11H 188 LHA30H 0.77 0.43 0.31
2009—2010 10A20H 4H23H 184 LA30H 0.71 0.38 0.67
2010—2011 10A31H 4H21H 171 1H25H 0. 66 0.61 0. 60
2011—2012 10A 18 H 4H7H 171 LH14H 0. 74 0.41 0.52
2012—2013 10A 121 3H28H 166 1H14H 0.73 0. 67 0.78
2013—2014 11A13H 4H7H 144 2H8H 0.70 0.51 0.99
2014—2015 10H4H 4H16H 193 2H2H 0. 67 0.42 0.55
2015—2016 10A2H 4H7H 187 1H11H 0. 74 0. 50 0. 66
2016—2017 9H29H 4H17H 199 1HI15H 0. 56 0.37 0.57
2017—2018 11A1H 4H20H 169 2H3H 0. 65 0.28 0. 44
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in 2015 to the end of break-up
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Fig. 6 based on MODIS data from

the glacial ice duration and Nanwan station data duration, respectively,

the change trend and the correlation of both [ Hydrological station in the Nanwan station measured ice

duration changes with time(a), by MOD09GQ data of glacial duration changes with time(b),

Nanwan station with the duration of the glacial obtained in this paper(c) ]
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Fig. 7 The change trend of river freezing time and river breaking time (The vertical axis represents the day of each year) ,

[ The change of river break-up time (a), the change of river freeze-up time (b) ]

y=0.518-0.007x
R*=0.072

10F 3=0.354+0.021x
R=0278

02
2002 2006 2011 2016 2002 2005 2010 2015
4y 4
() BT HR W 0 (b) FFAIE ZGZ W AR

K8 JF il A A Al i 3

Fig. 8 The change trend of river break-up and river freeze-up rates is that the river freeze-up rate decreases gradually (a)

and the river break-up rate accelerates gradually (b)
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Fig.9 average temperature changes of two meteorological observation stations Burqin station (a) and Habahe station

(b) during the river freeze-up period, and the correlation between the average temperature during the river

freeze-up and the river freeze rate measured by Burgin station (¢) and Habahe station (d)
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Study on river ice phenology of upper Irtysh River with MODIS data

HU Wanpin'?, XIAO Cunde'®, XIE Aihong', SHEN Yongping', LEI Huajin'

(1. State Key Laboratory of Cryosphere Science, Northwest Institute of Eco-Environment and Resources, Chinese Academy of

Sciences, Lanzhou 730000, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. State Key

Laboratory of Earth Surface Processes and Resource Ecology , Beijing Normal University, Beijing 100875, China)

Abstract: The Irtysh River originates from the southern slope of the Altai Mountains in Xinjiang, China, and is
the only river in China that flows into the Arctic Ocean. With the “Polar Silk Road” proposed by China and Rus-
sia, the navigation of the Irtysh River is of great significance, and it is particularly necessary to monitor the
changes of its river ice phenology. Based on the second band data of MOD09GQ from 2001 to 2018, this paper
analyzes the annual river ice phenology information of the Irtysh River from Burqin to Lake Zaysan, including
the beginning time of river freezing, the end time of river ice breaking, the maximum coverage time of ice/
snow, the duration of river ice period, the freezing rate and the breaking rate. The results show that: (1) the re-
flectivity of MOD09GQ gradually decreases with the opening of the river ice. Compared with the observed dura-
tion of the river ice period at Nanwan station, the obtained duration of the river ice period coincides with the ob-
served duration of the river ice period, and has an extended trend. This shows that MODO09GQ can effectively
monitor river ice phenology information. (2) The beginning of river closure and the end of river closure both
showed an early trend. The beginning of river closure was 45 days earlier than the end of river closure, and the
end of river closure was 31 days earlier than the end of river closure. (3) The closure rate tends to slow down
and the opening rate tends to accelerate gradually, which means that if the river reaches are navigable in the fu-
ture, the annual navigation period will be extended. Bring greater economic benefits.

Key words: Irtysh River; remote sensing monitoring; rate of river breaking and freezing; duration of river ice

season
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