DEBRIS FLOWS:

Disasters, Risk,
Forecast, Protection

Proceedings
of the 5" International Conference

Thilisi, Georgia, 1-5 October 2018

Editors
S.S. Chernomorets, G.V. Gavardashvili

Publishing House “Universal”
Thilisi 2018



CEAEBBIE IIOTOKH:

KaTacTpodnl, pHCK,
IIPOrHO3, 3allHTA

Tpyasl
5-il MexyHapo1HOM KOH(EpEHIIUU

Tounucu, I'py3us, 1-5 oxta6ps 2018 1.

OTBETCTBEHHBIE PEAAKTOPBI
C.C. YUepnomoper, I'.B. I'aBapnamsunu

N3znarenscTBO YHUBEpCan
Towumucu 2018



0350(3M%3900:
39HLGH®MRgd0, MHol3o,
36abmBo, 339

3dg-9 LSYMMSAMMOLM 3MbBGMH9biEOOL
dologrgdo

d0olo, bydsemggem, 1-5 md@maddg®o, 2018

695JBH™M9d0
L.U. BYOBMIMEY3, 3.3. 393505330000

259m3(390¢Mds "MboggMbogno”
odoobo 2018



YIK 551.311.8
BBK 26.823

CeneBble MNOTOKH: KaTtacTpodbl, PHCK, TPOrHO3, 3ammTa. Tpyasl 5-i
Mexnynaponuoit kougpepenuuu. Towmmucu, ['pysus, 1-5 oxtsa6ps 2018 r. — OTB. pen.
C.C. Yepnomoper, I'.B. I'apapaamsuiau. — Townucu: Yuusepcan, 2018, 671 c.

Debris Flows: Disasters, Risk, Forecast, Protection. Proceedings of the 5th
International Conference. Thilisi, Georgia, 1-5 October 2018. — Ed. by S.S. Chernomorets,
G.V. Gavardashvili. — Tbilisi: Publishing House “Universal”, 2018, 671 p.

03503023900 35GLAMMBIB0, oL, 30MAbmBO, ©s(33s. 935 LogOHMsdmGmOlm
30bx39gMm96300L  doboergdo.  mdowobo, LodsOmggem, 1-5 md@mddgmo, 2018.
390m9(399mds  "MboggMbogro”,  mdowrolbo 2018, 671 93 3sbybolidygdgero
6905JGH™M00 b.L. BgOBMINOYS, 3.3. 393560330¢0.

OtBetctBenHble pepaktopsl C.C. UepHomoper, I'.B. I"aBapaamBunn
Edited by S.S. Chernomorets, G.V. Gavardashvili

Bepcrka: C.C. YUepnomoper, K.C. Bucxamkuena, E.A. CaBepHiok
Page-proofs: S.S. Chernomorets, K.S. Viskhadzhieva, E.A. Savernyuk

[Tpu coznanum norotuna KOH(GEpPEeHIINHN UCTIONIb30BaH pUCYHOK u3 kKauru C.M. dreiimmana
«Cenesble motoku» (Mocksa: ['eorpagrus, 1951, c. 51).

Conference logo is based on a figure from S.M. Fleishman’s book on Debris Flows (Moscow:
Geografgiz, 1951, p. 51).

ISBN 978-9941-26-283-8

© Cenesas acconuanys
© UHcTuTyT BogHOrO X034icTBa UM. L. Mupiixynasa
I'py3MHCKOTO TEXHUYECKOTO YHUBEPCHUTETA

© Debris Flow Association
© Ts. Mirtskhulava Water Management Institute
of Georgian Technical University

© M3503MBOOL SLM(305309

© Logorm39wmb (9dbo3memo MbogzgMLo@g@ol
@3- 906OEbs35L LobgeMdOL Fyswms
99mObgmdol 0bbGoGHMEGOo



DF] 8 Debris Flows: Disasters, Risk, Forecast, Protection

CeneBble NOTOKM: kaTacTpodobl, PUCK, NPOTHO3, 3aLLuTa

Assessment and analysis of the freeze-thaw erosion sensitivity in
Tibet, China

J. Fan, C. An

Institute of Mountain Hazards and Environment, Chinese Academy of Sciences,
Chengdu, China, fijrong@imde.ac.cn

Freeze-thaw erosion is one of the main types of soil erosion in Tibet. Large amounts of
loose material produced by freeze-thaw erosion provide material basis for debris flow
disasters in high mountains. Five indexes are chosen to assess freeze-thaw erosion
sensitivity. They are annual range of temperature, annual precipitation, slope gradient,
slope aspect and vegetation coverage. The spatial distribution of annual precipitation is
obtained using TRMM precipitation data, and vegetation coverage was calculated by
MODIS NDVI data. The intensity and spatial distribution characteristics of freeze-thaw
erosion in Tibet were analyzed through freeze-thaw erosion sensitivity evaluation. The
results show the distribution of freeze-thaw erosion is very extensive in Tibet, with the
freeze-thaw erosion area of 79.40x104 km?, accounting for 66.00% of the total area of the
Tibet. Freeze-thaw erosion sensitive area is 69.83%104 km?, among which moderate and
more sensitive area is 61.64x104 km?, accounting for 77.63% of the total freeze-thaw
erosion area in Tibet. The regional differentiation of freeze-thaw erosion sensitivity is
obvious. Different intensities of freeze-thaw erosion sensitivity appear in different regions.
Highly sensitive types are mainly distributed in humid and semi-humid high mountain
areas, and semi-arid alpine highland areas. Moderately sensitive types are distributed in
the alpine arid regions of the plateau.

freeze-thaw erosion, sensitivity assessment, geographic information system, remote
sensing, Tibet

OueHka 1 aHanu3 NoABepPXKEHHOCTU TEPPUTOPMKN BO3AENCTBUIO
TEePMOIPO3NOHHLIX npoueccoB B Tubdete, Kutan

II. ®anb, Y. Anb

Unemumym copHuvix onachocmeti u oxpyacaroweti cpeovl Kumatickoii Axademuu Hayx,
Ysnoy, Kumai, firong@imde.ac.cn

Tepmosposus sBISIETCS OJHUM M3 OCHOBHBIX BHIOB 3po3uH 1ouB B Tubere. Bonbioe
KOJIMYECTBO PBIXJIOTO Marepuasa, CO3JaBaeMoro TepMOIPO3HEH MpH 3aMOPaXUBAHUU U
OTTaMBaHWM, oOOeCIeYnBaeT MaTepUualbHyl0 OCHOBY JUIsl CTUXUHHBIX O€JCTBHH,
CBSI3aHHBIX C CEJIEBBIMH MOTOKAMH B BBICOKOrophe. Il OLEHKH YyBCTBUTEIBHOCTH K
TEpMO3PO3UN BHIOPAHO ISATH ITOKa3aTelseil: TOI0BOM JMana3oH TEMIIEPaTyphl, TOJOBbIE
OCaJKH{, YKJIOH, acIeKT CKJIOHa M 3aJleceHHOCTb. [IpocTpaHCTBEHHOE pacmpesneneHue
TOZOBBIX OC3JKOB MOJydYaeTcsi C KCIIOJIb30BaHMEM JaHHBIX O ocaakax TRMM, a
3aJleCeHHOCTh  paccumThiBaeTcsi no ganHeiM  MODIS  NDVI.  Xapakrepuctukn
MHTEHCUBHOCTH W THPOCTPAHCTBEHHOI'O pacHpeNelieHns] TepModpo3un B Tubere Obuth
MpOaHaIU3UPOBAHBI C TIOMOIIBIO OLEHKH YyBCTBUTEIBHOCTH. Pe3ynbTaThl MOKa3bIBaloT,
YTO pa3BUTHE TepMOdpo3uH B Tubere O4YeHb OOWIMPHO, IUIOMIAAb OXBaTa JAHHBIM
MIPOLIECCOM 79,40%10* kMm% uTo cocTaBiser 66,00% ot obmeil miomanu Tubera.
Tepputopusi, YyBCTBHTENbHAas K TEPMOIPO3MH, cocTapiseT 69,83x10* km?, cpemu
KOTOPBIX 00JIACTh yMEPEHHOH 1 GOJIee CUITLHOM 9yBCTBUTENBHOCTH cocTaBser 61,64x10%
kM?, 4t0 cocrasnseT 77,63% ot oOuieil miomanyu pasBuTHs TepModposuu B Tubere.
PervonansHas nuddepeHnuanysi NoABEPKEHHOCTH K TEPMOIPO3UH OYeBHHA. Pa3Hble
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UHTEHCUBHOCTH UYYBCTBUTEJIBHOCTH K IIPOMEP3aHUI0 U OTTAUBAaHMIO INPOSABISIOTCS B
pasHBIX perruoHax. BBICOKO UyBCTBUTENIBHBIE THUIIBI B OCHOBHOM paclpelesieHbl BO
BJI@YKHBIX U ITOJIYBJIaYKHBIX BBICOKOTOPHBIX PaiOHaX M B IOJy3aCyIIJIMBBIX BBICOKOTOPHBIX
paifoHax. VYMepeHHO UyBCTBUTEJIBHBIE THIBI PACIpPOCTPAHEHbl B  AlbNUHCKUX
3aCyNUIMBBIX paifoHaX Haropbs.

mepmospo3usi, oyenka yyecmeumenvhocmu, I UC, ducmanyuonnoe 30n0uposanue,
Tubem

Introduction

Freeze-thaw erosion is the soil erosion that occurs in slopes, trench walls, riverbeds,
canals, etc. in permafrost areas, under the action of freeze-thaw alternation due to the frequency
of temperature [Zhang, 2007]. It mostly occurs in high latitudes, high altitudes, and cold regions
in the late winter and early spring period [Zhang, 2005]. As one of the main ways of soil erosion,
freeze-thaw erosion has caused widespread attention with the deteriorating ecological
environment in 21st century. The evaluation of freeze-thaw erosion sensitivity is to evaluate
the sensitivity of ecosystems to human activities, identify regions that are prone to freeze-thaw
erosion, and provide scientific basis for people’s production and life [Wang, 2017]. Based on
the study about the sensitivity of freeze-thaw erosion both at home and abroad, and the natural
environment of the Tibet, the evaluation indicators and sensitivity grades of major factors
affecting freeze-thaw erosion were selected. Then the sensitivities of freeze-thaw erosion in
Tibet were evaluated, which can provide scientific basis for formulating soil freeze-thaw
erosion control measures.

Study area

Tibet is located in the southwest of China, belongs to an alpine sub-continent climate.
The annual average temperature in the Tibet is 4.2°C, and the average annual precipitation is
593.7 mm which mainly concentrated in summer. The complex and diverse soil and vegetation
types, and the alternating wet-dry and freeze-thaw cycles, created conditions for the
development of freeze-thaw erosion. The Tibet and its high mountainous regions are the most
concentrated and intense regions of freeze-thaw erosion in China [Hui-Xia, 2005]. Therefore,
the study of freeze-thaw erosion in the Tibet Autonomous Region has positive effects on the
improvement of freeze-thaw erosion theory.

Extraction of freezing and thawing region

Qiu, et al. believe that the lower boundary of the permafrost in Tibetan Plateau is
equivalent to the -2°C to -3°C isotherm of annual average temperature, the 2.5 °C isotherm of
annual average temperature is selected as the lower bound of the permafrost. The lower bound
of freeze-thaw erosion area in Tibet is 200 meters lower at altitude than the 2.5 °C isotherm of
annual average temperature. Therefore, we take the bound that the altitude of 2.5 °C isotherm
minus 200 meters as the lower bound of the freeze-thaw erosion zone in Tibet [Qiu, 2000]. The
altitude of freeze-thaw erosion lower bound is acquired according to the following formula (1):

_ 66.302—0.919X;—0.1438X,+2.5
- 0.005596

H

200, 1)

where H is the altitude of freeze-thaw erosion lower bound, X; is latitude (°) and X; is
longitude (°).

The freezing and thawing region are extracted as follows: (1) Extract the latitude (Xy)
layer and longitude (X») layer using DEM; (2) Calculate the altitude (H) the lower bound of
freeze-thaw erosion zone, and get the potential freeze-thaw erosion zone; (3) Then remove the
glacier area, lake area, and desertification area from the potential freeze-thaw erosion area using
land-use type map and obtain the freeze-thaw erosion area.
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Evaluation indexes
Selection of evaluation indexes

There are many factors influencing freeze-thaw erosion, and according to previous
studies, freeze-thaw erosion is closely related to climate, topography, hydrology and vegetation
[Guo, 2015]. Therefore, annual range of temperature, annual precipitation, slope, slope aspect
and vegetation coverage are chosen as the evaluation indexes to assess freeze-thaw erosion
sensitivity.

Acquisition of evaluation indexes

(1) Annual range of temperature
Annual range of temperature is calculated by regression Equation (2) between latitude,
longitude, and altitude, which is established by Qiu et al. (2000).

A =3.1052 + 1.2418X, — 0.2275X, — 0.0004133X5, @)

where A is the annual range of temperature, X; is the latitude, X; is longitude, and Xs is the
altitude.

(2) Annual precipitation

Precipitation is an important driving force for the movement of freeze-thaw erosion
products, which increased the possibility of freeze-thaw erosion. We obtained the daily
precipitation data (year: 2014-2016) by summing the 3-hourly precipitation (unit: mm)
retrieved from the TRMM 3B42 product. Then average annual precipitation was calculated by
Equation (3)

Y =XV, 3)

where n is the length of the time series of one year.

(3) Slope and aspect

Slope affects the amount of freeze-thaw erosion and the magnitude of erosion
displacement. Aspect can lead to different types of freeze-thaw erosion. Slope and aspect are
extracted by DEM using the slope and aspect tools in ArcGIS. DEM data are obtained from the
SRTM (Shuttle Radar Topography Mission), which is 90 meters.

(4) Vegetation coverage

Vegetation can reduce the damage of freeze-thaw erosion on the surface and soil, and
decrease the temperature difference of the ground, thus reducing the degree of freeze-thaw
erosion. Based on the maximum value of MODIS NDVI in summer in the past three years,
combined with the vegetation type map, the vegetation coverages of different vegetation types
were obtained by using the pixel dichotomy model.

NDVI-NDVIsyy

fg = NDVIyeq—NDVigoy' )

where fy is the vegetation coverage, NDVlsi and NDVl.eg are NDVI values of full vegetation
pixels and full soil coverage pixels.
Evaluation System

The comprehensive evaluation of freeze-thaw erosion is a synthesis of multiple factors
affecting this complex process of freeze-thaw erosion, and is to make it a single index form
[Xie, 2017].
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Grading criteria of evaluation index

According to the specific distribution of each index value in the freeze-thaw erosion area
of Tibet, and to previous studies, the sensitivity levels of various factors affecting freeze-thaw

erosion are determined.

Table 1. Grading criteria of evaluation index

Evaluation index Sensitivity
Insensitive Mild Moderate High E.xtremely
/Annual range of temperature (°C) <18 18-20 20-22 22-24 2I294h
IAnnual precipitation (mm) <100 100-200 |200-300 300-400 >400
Slope (°) 0-3 3-8 8-15 15-25 >25
Aspect (°) 0-45, 45-90, 90-135 225-270 135-225
315-360 270-315
'Vegetation coverage (%) >80 60-80 40-60 20-40 <20
Grading assignment 1 3 5 7 9

Evaluation method

Evaluation indexes that affect freeze-thaw erosion are integrated to obtain a
comprehensive evaluation index for sensitivity assessment of freeze-thaw erosion [Wang, 2004
#3]. The comprehensive evaluation index can be calculated by using formula (5).

s = VIIiZ: G, (®)

where S is the comprehensive evaluation index, C; is the grading assignment of index I, n is the
number of indexes.

Based on field surveys and previous studies, the sensitivity of freeze-thaw erosion in the
study area is divided into five grades (Table 2).
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Fig. 1. Spatial distributions of freeze-thaw erosion sensitivity indexes in Tibet: annual range of
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Table 2. Grades about sensitivity of freeze-thaw erosion

Sensitivity
Insensitive Mild Moderate [High Extremely high
Evaluation of estimate (S) <2 2-3.5 3.5-5.5 5.5-7.5 >7.5
Results

The distribution of freeze-thaw erosion is very extensive in Tibet (Table 1), with the
freeze-thaw erosion area of 79.4x104 km?, accounting for 66.00% of the total area, indicating
that freeze-thaw erosion is one of the main types of soil erosion. Freeze-thaw erosion sensitive
area is 69.83x104 km?, among which moderate and more sensitive area is 61.64x104 km?,
accounting for 77.63% of the total freeze-thaw erosion area in Tibet.

There is a significant difference in the spatial distribution of freeze-thaw erosion
sensitivity in the Tibet. The sensitivity map (Fig. 2) shows that the sensitivity of freeze-thaw
erosion in the high-altitude areas in the south is higher than that in the high latitudes in the
north. Highly sensitive areas and extremely highly sensitive areas are mainly distributed in the
southwest region. Some areas in the southeast are insensitive and mild sensitive as situated in
the mountain canyons.

Table 3. Statistics about sensitivity of freeze-thaw erosion.

Sensitivity Area (10°km?) | A (%) | B (%)
Insensive 9.56 12.05 | 7.95
Mild 8.19 10.32 | 6.81
Moderate 42.29 53.27 | 35.16
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High 18.74 23.60 | 1557
Extremely high 0.61 0.77 0.51
Total of freeze-thaw zone | 79.40 100.00 | 66.00
Non-freeze-thaw zone 40.90 34.00
Total 120.30 100.00
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Fig. 2. Sensitivity of freeze-thaw erosion

Conclusions

According to the analysis, the conclusions are as followed:

(1) Freeze-thaw erosion is one of the main type of soil erosion in Tibet, and the
distribution of freeze-thaw erosion is very extensive.

(2) The regional differentiation of freeze-thaw erosion sensitivity is obvious.
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