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PREFACE

The rapid rising of remote sensing techniques, Geographic Information System
(GIS) and Global Positioning System (GPS) have been offering the new technologies
and methods for the scientific research work in the fields of geoscience since 1970s. A
deeper revolution in the researches of geoscience is being incubated and sprung up. As
important research branches of the geoscience, the glaciology and geocryology have also
been of wide prospects and potentialities in the applications of air-to-ground and ground-
to-ground observational technologies, which are mainly made up of remote sensing, GIS
and GPS. From 1981 to 1990 the research work of remote sensing developed gradually
in Lanzhou Institute of Glaciology and Geocryology (LIGG), Chinese Academy of Sci-
ences (CAS), growing out of nothing and expanding from a small to a large force, based
on the implementation of various remote sensing projects from Chinese government and
CAS respectively. The technical team dealing with remote sensing of glacier, snow and
permafrost was formed in these periods with the higher-quality professional skills and
the mainstay of young and middle-aged scientific rescarchers. Some research achieve-
ments had been taken and offered for applications to the hydroelectric management of
the reservoirs in the upper reaches of the Huanghe River and to the watering adjustment
of agricultural irregation in the Hexi region of Gansu Province, which had got outstand-
ing social and economical benefits. Meanwhile, the optical and PC-computer-oriented
digital image processing system had been built up in the Institute. All of these above
had played an important role in the promoting development of glaciology and geocryolo-
‘gY-. .

Entering into 1990s, the Division of Remote Sensing Application(DRSA) of the In-
stitute has actively undertaken and taken part in some research projects, such as the
project (No. 85-724-01-05) ”Snow Disaster Monitering and Assessment Using Remote
Sensing in Main Pastoral Areas of China”, one of the national key scientific and techno-
logical projects during the period of 1991 — 1995, the project (No. 85-29-03-03) ” The
Studies on Glacier, Snow, Permafrost and Climate Change in the Qinghai-Xizang
Plateau” , one of the ”Chinese Pandeng Plan A”, the project (No. Kg-85-13-14-02) *
The Investigation of Renewable Resources in China and Studies on Their Dynamics Us-
ing Remote Sensing and on the Front Technology of Remote Sensing” , which belongs to
the key projects of CAS, the project ” The Fundamental Studies on Dynamics of High-
Asia Geocryospher” and the project ” The Studies and Applications of Data System of
Ice, Snow and Permafrost in WDC-D”, which belong to the natural science foundation
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projects of CAS, as well as the project ” Digital Image Processing of Dunhuang Wall-
paintings and Computer-aided Cultural Relic Data Management System” ,and the project
"The Investigation of Permafrost Using Remote Sensing in the Tongtian River— Yalong
River Diversion Region in the West-line of the Diversion work from South to North”.
Some of the achievements of these projects have passed the mid-range appraisement and
check sponsored by State Science and Technology Commission of China, CAS and the
relevant entrusted departments respectively. The new ways of the dynamic monitoring
of snow and lake-ice in a large-scale as well as of the distinguishing of snow disaster,
forecasting of its developing situation and assessment of losses caused by the disaster us-
ing the combination of remote sensing data and GIS techniques have been developed
based on these research work. At the same time, the research work on the characteris-
tics of snow and glacier in mountains and plateau areas using the data of Synthetic Aper-
ture Radar (SAR) and passive microwave remote sensing has been further developed in
cooperation with the scholars of U. S. A. During this period, the NOAA Polar-orbiting
Meteorological Satellite Receiving and Processing System and Digital Image Processing
System have been established based on Sun SPARC Station with the softwares of ARC/
INFO and ERDAS IMAGING in support of CAS. Based on the projects mentioned
above, the research work of remote sensing is making good progress in the Institute, es-
pecially in the aspects of information extraction from remote sensing images, digital im-
age processing, development of GIS techniques and their applications. A series of re-
search achievements have been taken, which also mainly involved in the remote sensing
of ice, snow and permafrost, development of GIS and their applications. Besides 15 re-
search articles published in academic publications, such as GEOSCIENCE AND RE-
MOTE SENSING, JOURNAL OF NATURAL DISASTERS, JOURNAL OF
GLACIOLOGY AND GEOCRYOLOGY , Proceedings of ’93 Beijing GIS International
Symposium and Proceedings of International Symposium on Remote Sensing in Arid and
Semi-arid Regions (1993, Lanzhou), there are 24 papers collected in this Memoir. The

contents are mainly involved with the following aspects:
1. Snow disaster monitoring and assessment using remote sensing in pastoral areas

The snow disaster is one of main natural disasters in the pastoral areas of China,
which seriously obstructs the steady social and economical development in these areas.
The formative conditions and the temporal and spatial regular patterns of the snow dis-
aster in China were analyzed according to the observational data, historical records of
the disaster and existing achievements. The system of grading-criteria for the dangerous
extent of snow disaster in pastoral areas of China was put forward preparatively. The
Map of Evaluation of Snow Intensity in China and The Map of : Dangerous Extent of

Snow Disaster in China were finished in a scale of 1'¢ 4 000 000. Based on the results,
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the Nagqu Prefecture of the northern plateau of Xizang (Tibet) Autonomous Region
was selected as one of the test areas. The Operational System for Snow Disaster Moni-
toring and Assessment (SDMAOS) was established for the test area, which combined
NOAA/AVHRR data and observational ground data, and could be updated using re-
mote sensing data. ‘With the help of spatial analysis and operation of the GIS softwares,
the models of distinguishing, forecasting and assessment of snow disaster were devel-
oped respectively based on the theories and methods of statistical analysis, gray system
and systematic engineering. The simulated results of 1993 and 1994 and actual opera-
tional results of Feb. —March, 1995 showed that the SDMAQOS had the extraordinary
features in fast operational speed and higher-accuracy of distinguishing and forecasting
snow disaster. The results of loss assessment was approximately identical with real sta-
tistical data. The achievements could be further spread and applied to wide pastoral ar-

eas in wastern China and neighbouring countries.
2. the technical developments and applications of GIS

The combination of remote sensing and GIS techniques is one of the developmental
aspects in the research of remote sensing applications. During the period of 1986 —1990,
the Information System on Ice, Snow and Water Resources (ISWRIS) in the upper
reaches of the Huanghe River had been first established in the Institute, which was
mainly used for the satellite snowcover monitoring and snowmelt runoff forecasting.
Subsequently, some softwares related to GIS were developed and designed based on the
project of ”Studies on Wuwei Territorial Resources Information System”. During the pe-
riod of 1991—1995, the techniques of GIS and Digital Terrain Model (DTM) have been
successfully used to the research projects of ”Snow Disaster Monitoring and Assessment °
Using Remote Sensing in Main Pastoral Areas of China”, ” Snow Monitoring in the
Qinghai-Xizang Plateau” and ” the Fundamental Studies on Dynamics of High-Asia
Geocryospher”. Besides these, they have also been used to calculate the influences of
various terrain obstruction towards solor radiation on the No. 1 Glacier in the Tianshan
Mountains and neighbouring areas. These research work have developed quickly in the

Institute.
3. Other aspects

The techniques of image processing and information system have been first used in
the project of ”Studies on the Processing, Storage and Conservation of the Images of
Wallpaintings” , one of the key projects of the Eighth Five-year Plan (from 1991 —
1995) of Gansu Province, and entrusted by the Science and Technology Commission of
Gansu Province in cooperation with Dunhuang Research Institute. In the project, the

No. 045 Cave of thé Mogao Grottoes was selected as one of the typical experiments.
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With some assistant application softwares, the methods of geometric correction and
colour rectification for the images of wallpaintings have been developed according to the
digitized close-range photogrammetric photos. Meanwhile, the Computer-aided System
for the Images of Wallpaintings Processing and Cultural Relic Data Management was es-
tablished based on the collected historical research data of the cave, which could be
served for the conservation, retrievement, querying and updating of the images of wall-
paintings and cultural relic data. The work of investigation and mapping of the Quater-
nary geology and geomorphology in Qinwangchuan area of Gansu Province using the
Landsat TM data had been finished. Moreover, the Institute has extended progress in
some research work on optical image proceséing and its applications.

It is more gratifying that a number of young scientists engaging in the research of
remote sensing of ice, snow and permafrost have been growing sturdily. They are work-
ing enthusiastically with the opening ideas and having the courage to make innovations.
They will be the rising generation of carrying on the research of remote sensing and its
applications in the Institute in the 21st century. Here we wish them to avoid conceit and
impetuosity and to spare no efforts to struggle in the fields.

Looking into the 21st century, the remote sensing work in the Institute will focus
on some key research projects, mainly taking aim at the research on reasonable adjust-
ment and efficacious utilization of water resources in arid and semi-arid regions of
Northwestern China, dynamic studies of Geocryospher, studies on swelling of the Qing-
hai-Xizang Plateau and global change, as well as studies on the counter measures of pre-
venting and controling ice and snow disasters. The Dynamic Monitoring System of
High-Asia Geocryospher and The Information System for Renewable Resources and En-
vironment in Cold Regions will be established acceleratively. The applied research on
microwave remote sensing of ice, snow and permafrost will be expanded widely. Mean-
while,according to the policy of ”scientific and technological work should meet the needs
of economical construction” , some applied achievements will be turned into the commer-
cialization. The Operational System for Snow Disaster Monitoring and Assessment Us-
ing Remote Sensing Data in the Main Pastoral Areas as well as the Operational System
for Satellite Snowcover Monitoring and Snowmelt Runoff Forecasting in the western
Mountainous Regions will be popularized to more selected typical areas and transformed
to the markets in conjunction with the local governments and producing departments, so
as to win' the much more social and economical benefits. The applications of remote
sensing and GIS techniques to the regional development and civic management will also
be strengthened so that the Institute can devote its more achievements to promoting eco-
nomical development of Northwestern China.

Professor Feng Xuezhi is responsible for soliciting contributions, organizing the ex-

amination and approval of the manuscripts and finalizing the manuscripts in the Memoir.
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Professor Editor Yuan Yuanrong, the Editorial Department of Book and Memoir,
LIGG,CAS, is responsible for the compilation in the Memoir. Liu Zidong also takes
part in the compilation. Wang Lihong and Liu Zidong are responsible for the computer-
assisted composition. Li Yufang and Jin Dongmei are responsible for mapping of some
illustrations in the Memoir. We must not fail to acknowledge their offers to the Mem-

oir.

Academician of CAS

. owodrwq  (Professor)
Director of LIGG, CAS .
Chief of DRSA, LIGG, CAS Z.&y W (Professor)
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Vice-chief of DRSA, LIGG, CAS %ﬂ /X"WWV‘ j/ (Associate Professor)

May 25, 1995

o.D(o



s E RSB = Mok IR L TR T

£85
(EXRERENEEREERAHRE L8
8 3
b e L CEEE SRS D2E KEE O

ﬁ@fﬂ%’?ﬁﬁﬁﬁﬂﬁ&gkéﬁﬁéﬁbﬂﬁ fER BT swemees
- Bisk R RRM EHRAE £4HF EXF D

E?R%HBEI#JE?F%{I RRLAIUITERITRITE 22 - 5 - ¥ 3 %?:’fﬁ Z | (9
ﬁﬁ%ﬁﬂ?%%ﬁ@&ﬂlﬁ% . X
SCOUEBA - GEE UHE BRE AXH BLXH F A QD
Eﬁﬁﬁﬁlﬁiﬂﬂzgkﬁﬁ&ﬁ)ﬁ cWXH F WM BERE 23
E’Iﬁﬁﬁﬁlﬁ_éﬁ?ﬂﬁﬁﬂﬂi sevnsssesssbsinnsanersvevrish i At | LR N S0
FE AR Bl K B RS BB A - sessessescennences B MER FXE (36)
NOAA/AVHRR HREE QLB T - sesesescesneenceneecss FEE  LEE (43)
DTM 755 NOAA/AVHRR Ei&fﬂ?fn E%mcpé{]}“‘m
sesssssensennses L ERAR  EXE %%‘E%"r HXH GD
Eﬁ%ﬁlﬂfngﬁﬁéﬁ%Aﬁ‘ﬁﬁ%‘ - UBAE DEEF £ K £ (56)
VSR B B 0 B R IR T T = (7))
@mggmgmﬁ@;ﬂjguﬁﬂ Lk e (68)
Eﬁﬁgﬁﬁg%ﬁ@ﬁmﬁﬂ casssvian assssanenasinasassnissreiy e I GERECT 0
oot & /’?1—7—%’ UHRE BEH EXE WIXHFH EmWa B2)
gjzﬁ;@%Alym*ﬂgﬁm%%ﬁ& cecesseen eneens see sessescessss

weeee MEFR BRH YHE FXE OABXF EWL OD
gxg@gﬂqﬁmgﬁymmmmﬁﬁ P e PPLITW
Reeson - F F BEE BZH WXH EWL 98
WDC- DM(}II(Z’?Z'()?Ei%ﬂE}:@ﬁ@ﬁﬁ@h—f ke
- BEE BEHK YBE F H %%%‘f (101)

WDC-D wll(zbj()?ﬁ?i%ﬂq:@ﬁﬁ&ﬁgs;z&@ A
e - BREE BREMK DEEF F F &%H Q06

omo

5



ﬁgﬁﬁ;ﬁgﬁﬁ% R S RITETITTURCUPRIR PRI -~ p}gﬁ—ﬁ

?ﬁ%ﬁ&?ﬂ%ﬁﬂ%ﬁi 5}"‘@ ceessscsscsasescescanned $ %\i—

M%ﬁﬂgwﬁﬁﬁﬁﬂﬁﬁﬁ%ﬁﬁ-mmmmmm #XE
vﬁ@@%%%ﬂﬂj&&%&ﬁm.mm"mmu

s . &

ﬂﬁi@ﬁ?@@ﬂﬂ%#t ¥ R ORXH BEE

A T™ ¥ gme #EMﬁm%ﬂﬁﬂﬁE WXH w4

EFW4a (112)
B ¥E (Q16)
BEE (122)

- ;alﬁﬁ (129)

F*ﬁ%ﬁ (133)

oA (147)
ZXE (152)



MEMOIRS OF LANZHOU INSTITUTE OF GLACIOLOGY AND
GEOCYOLOGY, CHINESE ACADEMY OF SCIENCES

NO. 8

(THE MONITORING OF SNOW DISASTER USING REMOTE
SENSING AND THE STUDIES ON THE INFORMATION
SYSTEM IN COLD REGIONS)

CONTENTS

Preface s#++s++++++« Cheng Guodong, Zeng Qunzhu, Feng Xuezhi and Chen Xianzhang (i)
Study on Snowfall of Intensity, Grading Criteria and Dangerous Extent of Snow
Disaster in China
Gu Zhongwei,Liang Fengxian, Zeng Qunzhu, Jin Dongmei and Wang Guangyu (1)
The Major Characteristics of Snow Disaster in Nagqu Area of Xizang esseeesesccsseeces
esssesseces Feng Xuezhi, Zeng Qunzhu, Lu Anxin and Li Shuo(9)
Study on Snow Disaster Monitoring Using Remote Sensing in Nagqu Area of Xi-
ZAIN +esesteestsestats sttt ateseese ser st chatas e sassns sa ensnsaessassneneessnsnssse e Feng
Xuezhi, Zeng Qunzhu, Chen Xianzhang, Sun Wenxin, Lu Anxin and Li Shuo(14)
The Background Database of Snow Disaster in Nagqu Area of Xizang +sseeceecoseoceces
cessesssrasisessarsntanasesssssesssssssnssseses Sun Wenxin, Li Shuo and Feng Xuezhi(23)
Spatial Analysis Operation of Background Database of Snow Disaster «scssssesassseces
seessessssnesasonssesassssssssassassaes Sun Wenxin and Feng Xuezhi(29)
The Study of Extracting Remote Sensing Information of Snow Disaster in Nagqu
Area of Xizang «eseesseessecsessccsccsccenses Li Zhen, Feng Xuezhi and Li Wenjun (36)
Studies on the Methods of Extracting Snow Information from NOAA/AVHRR
Image +eresssssessreessnssessssanenssscsanenenssenenssenes i Wenjun and Feng Xuezhi (43)
The Application of DTM to Extraction of Snowcover Information from NOAA/AV-
HRR Image +++++++s+se« Feng Xuezhi, Li Wenjun, Lu Anxin and Sun Wenxin (51)
Synthetic Analysis Method of Snow Depth in Nagqu Area of Xizang
sssesssesses Zeng Qunzhu, Feng Xuezhi, Li Zhen and Li Xin(56)
The Digital Terrain Information and Its Application in Nagqu Area of Xizang = «+»+-*



setesetessstentutetietestetensttttese e ane seesesneesseeess. Lu Anxin and Feng Xuezhi(62)
The Model of Discriminant Analysis and Its Application to Snow Disaster Moni-
toring Using NOAA/AVHRR Data in Nagqu Area of Xizang +scsseeseoeescccas
seeerssssecsieitettittsetettettieasiasstenaesaeasesnisssessess Feng Xuezhi and Lu Anxin(68)
The Model of Predicting Snow Disaster Usiﬁg NOAA/AVHRR Data in Nagqu
Area of Xizang s++esssesesssssessscesseusisseiesssasnianeses Lu Anxin and Feng Xuezhi(74)
The Model of Snow Disaster Assessment Using NOAA/AVHRR Data in Nagqu
Area of Xizang eseerseessencissistiistesisioensinestunnssitasneenisesiessanes Feng
Xuezhi, Zeng Qunzhu, Lu Anxin, Li Wenjun, Sun Wenxin and Wang Lihong (82)
The Applications of Fuzzy Cluster Analysis to Integrated Assessment of Snow
DiSaster sessssessssssssncessteacanttstitiaietietatti sttt e ss st senasssecneees Feng
Xuezhi, Lu Anxin, Zeng Qunzhu, Li Wenjun, Sun Wenxin and Wang Lihong(91)
The Output Design of GIS Production of Snow Disaster Monitoring and Assess-
ment System  eeeee
sesssseseneeces Li Xin, Feng Xuezhi, Lu Anxin, Sun Wenxin and Wang Lihong(98)
Studies on Data Policy of WDC-D for Glaciology (Snow and Ice) and Geocryo-

By " #50498 664404 853 838 635 533 430558 454 054 K48 547 553 43 656 304 389 455 444 848 488 o0 o SR IBD Ak alel o TR B

+=« Chen Xianzhang, Cheng Guodong, Zeng Qunzhu, Li Xin and Lu Anxin(101)
Tentative Plan of Data Policy Items for WDC-D for Glaciology (Snow and Ice)

90000000000 000000000000 s0as0ssss 0

and Geocryology $00 000 000 000 000000000000 P00 0000000 RRsRs e
sssss« Chen Xianzhang, Cheng Guodong, Feng Xuezhi, Li Xin and Lu Anxin(106)

Study on the Database System of Accumulated L i s e A LU L
sessntasseesiesesaincnaseesesesssesss Lu Anxin, Chen Xianzhang and Wang Lihong(112)
Establishment and Application of DTM of the Qinghai-Xizang Plateau = «ssscesessse
s4s 000 ceccesesssesassccsacscsccssrescssssscsncesssssssssassesss | | Xin and Chen Xianzhang(llﬁ)
Studies on the Method of Image Processing and Analysis of Lake Ice and Snow
sesssrsesnessstutsaniestsuetasasatinsaianssasssaansssnse Li Wenjun and Chen Xianzhang (122)

Optical Processing of Remote Sensing Image and Its Some Applications seesseessees
“ereesaneeetseeats et s e st st sas e s e ss s ses e snssnsnesssses i Jinghuang (129)

Model to Calculate the Influence of Terrain Obstruction Towards Solar Radiation

Based on Digital Terrain Model——with an Example of the Tianshan
Mountains 60 000000900000 000000000000000000000 000000000000 Li Xin and Chen Xianzhang(133)

Digital Image Processing and Storage of Dunhuang Wallpainting estet«esssesocecsens
seesessssesecsececcanseness Li Zhen, Sun Wenxin, Feng Xuezhi and Zeng Qunzhu(147)

Producing the Quaternary Geologic and Geomorphic Map of Qinwangchuan
Using TM Data  +sseseseecsccesceeses Sun Wenxin, Jin Dongmei and Li Wenjun(152)



258 51995 4

o [ 2 B 22 MoK 1 | o R B S B 4 T
MEMOIRS OF LANZHOU INSTITUTE OF GLACIOLOGY AND
GEOCRYOLOGY ,CHINESE ACADEMY OF SCIENCES

No. 8 1995

KERT B EIHEF I X TR
SRIRE ERIEEHT

B SRR EEE 24 ELT

BE REMRIR B, BREHRRERR, BRI BRI, KA RH
REREMS AR EX, FBEARTARRELUMREX, RILEARERBERRE
KU EFREEREXFNIMRERERE. ZEREREUEE HRERNTRE
BAXARER REREX ARERAEX BHREXNLEXELITR . BRELER

ER AEREESREREZ L, T RAE R0 E L& REEKREREIRED B X T K5
FERFFEEERUGABEER L FEEXKM . JCEFRAMFREKSH

REXRERLRK,1-3K/10 FHPEREREBRK, >3 K/10 FHERERELK
ES 3]

%, URFRE (FRAFENEDMEREERRERINEREREBEN EBZRHR. BE
K. RERTRELZELPERILAI. ARG MR, DR R, X L X
ERREFBHXMHFES, B, REAXEREE N EY.

RE FRER

FERRRABRERBRAERGME, KARARBREREX., ERREFAREREREREE

BGEA IR, 0 /10 FRB/RERTBRETRKALRERELR K, <1 K/10 FHRE
fEREE

__.‘-ﬁﬁ

ull

AERESH R SHELE VKA RARARIUAR. EREWABREUMHEE

BT, XRARHRARFE. BERRERELTAREREZNRRAS . EENRE
SRR HE EYBEAMERAELE, RS RFFEHEIORET .

R, KEE S RRE, S E00E, AR XEFEH ZL2S L, BEE AR,
XZRELLREE, ERTE . HEEERKOLEYPOKENE, SRR RHIT T, TR
HCRK”, T HEEHKEEGHER ERRE. AR TFHRES K.

R E T IR AL 60 {28, i R B ERY 13%, 5 HLEHR 402, HPHE
o AEWRY ERTORGT SR 4 ST HIRE T



BN 47 {28 P, EEAMAETER .S HHE. AR HRSEE R, SFEMERKE
HARAE ARSMEBSET S, N REERSFERMA REFEREML THEER
B ES5 R RXERA L, REFBOL MK TFHYLES . REEE, —rEREERX
A MERLSE ESRM BT ET RHRE RS X, %S, 255, 308 A
E AHEEEKPR. SR KRR R BKETE”, “ERFE"NERHET T H—
I, KK B RARERE, LHETKEMERK . BEKRLE, RE LARRAFE
BERRMPERRE, RETE—-RK, EEWLK, ZF—/PR"ZH. BEFRKEE, K
4 FRIRZHIE T, PHEERERE K LR BT E PR T K SERES
HAEL AR 29 THRE A BORIIK . '

B, FF R X 3 PR 3R B PPAG A AR T R fE R 1R BE I B 52 » 3 40 il A B B LA, B
E 2 WL | B HE T S R I PR R B A A A AR A R R B K R B — LR
AT 1 5 B A X DX 2 O i R A ) 1l R L R R B TP » DA B O A Y
FEEEBAEENESEN. MHSERE LR, @0 EH TREEBHE KK 0
FAREM R LM AR AR, A R E WX UK BRI RARBEARE

] B wafs :
MEDERSELY==ET1L LR MY NPT N
[Clmsazx [ ] xe5x IN
EAxeenmr

0 400 800 km
——

%0

M1 REASEREEE

Fig.1 The map of intensity evaluation of snow in China
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