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Abstract:	The	impacts	of	seismicity	on	the	landslide	activity	in	Kyrgyzstan	have	been	in	the	focus	of	our	study	since	
2010	[Kalmetyeva	et	al.,	2010].	As	the	study	progressed	[Kalmetyeva,	Moldobekov,	2012,	2013;	Kalmetyeva	et	al.,	2013,	
2014],	 the	 initial	 problem	 statement	 has	 been	 revised	 as	 follows:	 do	 earthquake	 influence	 the	 occurrence	 of	 land‐
slides,	and,	 if	so,	what	is	the	mechanism	of	this	influence.	This	paper	presents	the	results	of	detailed	analysis	of	the	
distribution	 of	 earthquakes	 and	 landslides	 in	 space	 and	 time	 in	 correlation	 with	 focal	 mechanisms	 (azimuth	 and	
plunge	of	 the	principal	compression	stress	axis)	of	earthquakes	occurred	 in	the	Fergana	basin	and	 its	mountainous	
frame.	These	are	grounds	to	conclude	that	the	landslide	activity	is	mainly	influenced	by	the	response	of	the	internal	
structure	of	the	upper	crust	to	local	stresses.	The	mechanism	of	influence	of	strong	earthquakes	on	the	landslide	activ‐
ity	 is	 redistribution	of	 local	 stresses,	which	results	 from	partial	 release	of	 regional	 stresses	due	 to	 rupturing	 in	 the	
source	zones	of	 strong	earthquakes.	Using	 this	 concept	of	 the	 landslide	activity,	a	methodology	of	 landslide‐hazard	
mapping	is	the	goal	of	our	future	studies	aimed	at	the	following:	(1)	zoning	of	the	study	area	with	respect	to	the	fea‐
tures	of	the	internal	structure	of	the	upper	crust,	(2)	geological,	geophysical	and	seismological	studies	of	the	state	of	
stresses	in	the	study	area,	(3)	instrumental	monitoring	of	landslides	movements	in	the	zones	that	differ	in	the	struc‐
ture	of	the	upper	crust,	and	(4)	analysis	of	preparation	and	consequences	of	past	strong	earthquakes	that	took	place	
in	the	study	area	in	comparison	with	the	landslide	activity.	

	
Key	words:	seismic	cycle;	earthquake;	focal	mechanism;	main	stress	axes;	landslide;	atmospheric	precipitation	
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СООТНОШЕНИЕ	НАПРЯЖЕННОГО	СОСТОЯНИЯ	ЗЕМНОЙ	КОРЫ,	
СЕЙСМИЧНОСТИ	И	ОПОЛЗНЕВОЙ	АКТИВНОСТИ	(НА	ПРИМЕРЕ	
ФЕРГАНСКОЙ	ВПАДИНЫ,	ТЯНЬ‐ШАНЬ)	
	
З.	А.	Кальметьева,		Б.	Д.	Молдобеков,		У.	А.	Абдыбачаев	
	
Центрально‐Азиатский	институт	прикладных	исследований	Земли,	Бишкек,	Кыргызстан	
	
Аннотация:	Наши	исследования	были	начаты	в	2010	году	[Kalmetyeva	et	al.,	2010]	с	целью	изучения	влияния	
сейсмичности	 на	 оползневую	 активность	 в	 Кыргызстане.	 Однако	 в	 процессе	 исследований	 [Kalmetyeva,	
Moldobekov,	2012,	2013;	Kalmetyeva	et	al.,	2013,	2014]	формулировка	поставленной	изначально	задачи	несколь‐
ко	изменилась,	а	именно:	влияют	ли	землетрясения	на	возникновение	оползней	и,	если	да,	то	каков	механизм	
этого	 воздействия.	Настоящее	 сообщение	 является	 завершающим	 в	 решении	 поставленной	 задачи.	 Приво‐
дятся	результаты	более	детального	рассмотрения	пространственно‐временного	распределения	оползней	и	
землетрясений	 в	 сопоставлении	 с	 данными	 о	 механизмах	 очагов	 (азимут	 и	 угол	 погружения	 главной	 оси	
напряжения	сжатия	Р)	этих	землетрясений	для	территории	Ферганской	впадины	и	ее	горного	обрамления.	
Проведенный	анализ	позволяет	сделать	предположение,	что	решающее	значение	в	оползневой	активности	
имеет	реакция	внутренней	структуры	земной	коры	на	локальные	напряжения.	Механизм	воздействия	силь‐
ных	землетрясений	на	активизацию	оползней	состоит	в	перераспределении	локальных	напряжений,	которое	
происходит	в	результате	высвобождения	некоторой	части	региональных	напряжений,	связанных	с	образова‐
нием	разрыва	в	очаге	сильного	землетрясения.	Такое	представление	об	оползневой	активности	показывает,	
что	основные	направления	исследований	по	разработке	методики	 составления	карт	оползневой	опасности	
должны	состоять	в	следующем:	районирование	территории	по	внутренней	структуре	верхних	частей	земной	
коры	(1),	установка	пунктов	инструментальных	наблюдений	за	движением	оползней	на	участках	территории	
с	различающейся	 структурой	верхних	частей	 земной	коры	 (2),	изучение	напряженного	 состояния	террито‐
рии	методами	 геологии,	 геофизики,	 сейсмологии	 (3),	 анализ	 подготовки	 и	 последствий	 прошлых	 сильных	
землетрясений	в	сопоставлении	с	оползневой	активностью	(4).	

	
Ключевые	слова:	сейсмический	цикл;	землетрясение;	механизм	очага	землетрясения;	главные	оси		

напряжений;	оползень;	атмосферные	осадки	

	
	

	
	

	
	
1.	INTRODUCTION	
	

Initially,	our	 study	aimed	at	 investigating	 the	 influ‐
ence	 of	 earthquakes	 on	 the	 landslide	 activity.	 After	
considering	the	first	results,	doubts	were	cast	upon	the	
correctness	 of	 the	 problem	 statement.	 Instrumental	
observations	were	conducted	on	the	Mailisai	landslides	
located	 on	 opposite	 sides	 of	 the	 riverbed	 on	 the	 hill	
slopes	that	differ	in	aspect.	It	was	revealed	that,	firstly,	
the	landslides	moved	synchronously	at	all	observation	
points	(regardless	of	the	aspect),	and,	secondly,	the	be‐
ginning	of	the	landslide	movements	and	the	occurrence	
of	microshocks	(i.e.	seismic	activity)	was	also	synchro‐
nous	 [Kalmetyeva	 et	al.,	2013].	 This	 fact	 strongly	 sug‐
gested	that	both	processes	–	landsliding	and	seismicity	
–	 were	 influenced	 by	 one	 and	 the	 same	 factor.	 Fur‐
thermore,	instrumental	observations	of	the	Tuyuk‐Suu	
landslide	 showed	 that	 the	 landslide	 body	 began	 to	
move	a	few	days	before	the	earthquake	[Kalmetyeva	et	
al.,	2010].	Cases	of	massive	 landsliding	 in	dry	weather	
several	days	before	strong	earthquakes	were	described	
in	 [Meleshko	et	al.,	2002;	Torgoev	et	al.,	2011;	Niyazov,	

Nurtaev,	2015;	Niyazov,	2017].	Seismologists	are	aware	
of	 the	 fact	 that	strong	earthquakes	are	often	preceded	
by	an	increase	in	the	number	of	microshocks,	and	this	
phenomenon	is	considered	as	a	short‐term	precursor	of	
a	 strong	 earthquake.	 Massive	 landsliding	 in	 dry	 wea‐
ther	can	be	viewed	as	another	short‐term	precursor	of	
a	devastating	earthquake.	

An	important	conclusion	was	made	after	correlating	
the	earthquake	focal	mechanisms	(EFM)	with	the	land‐
slide	activity	in	the	Northern	Tien	Shan	[Kalmetyeva	et	
al.,	 2010]	 –	 the	 landslide	 activity	 begins	 when,	 after	
some	 stabilization	 of	 horizontal	 compression	 (i.e.	 the		
P‐axis	 plunge	 in	 the	 EFM	 solutions	 remains	 subhori‐
zontal	for	several	months	or	longer,	Plunge	P≤20°),	the	
P‐axis	 suddenly	deviates	 from	 the	horizontal	position.	
According	 to	 the	 same	 data,	 the	 landslides	 generally	
become	active	only	within	a	certain	limited	area,	while	
the	neighbouring	areas	remain	inactive,	despite	the	fact	
that	conditions	in	these	areas	are	apparently	similar.	It	
is	noteworthy	that	the	selectivity	of	the	landslide	loca‐
tions	 is	 noted	 throughout	 the	 entire	 Tien	 Shan	 region	
[Strom	et	al.,	2005].	In	the	Northern	Tien	Shan,	the	in‐
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ternal	structure	of	the	upper	crust	is	different	in	these	
areas	[Kalmetyeva	et	al.,	2014].	What	is	the	role	of	these	
differences	in	the	occurrence	and	activity	of	landslides?	

According	 to	 [Kalmetyeva,	 Moldobekov,	 2013],	 the	
above	observations	were	generally	valid	for	the	Ferga‐
na	basin	and	 its	mountainous	 frame,	although	the	 fea‐
tures	 of	 this	 area	were	much	more	 complicated.	 Any‐
way,	 the	 mechanism	 of	 the	 impacts	 of	 seismicity	 on		
the	 landslide	 activity	 remained	 unclear.	 Furthermore,	
there	were	reasons	to	revise	the	 initial	problem	state‐
ment	 as	 follows:	 do	 earthquake	 influence	 the	 occur‐
rence	of	landslides,	and,	if	so,	what	is	the	mechanism	of	
this	influence.	

This	paper	presents	 the	results	 for	 the	Fergana	ba‐
sin	 and	 its	 mountainous	 frame,	 based	 on	 a	 more	 de‐
tailed	 analysis	 of	 the	 distribution	 of	 landslides	 and	
earthquakes	 in	 space	and	 time	 in	 correlation	with	 the	
focal	mechanisms	of	earthquakes	occured	in	this	study	
area.	Our	 study	has	 clarified	 the	 relationship	between	
the	 landslide	 activity	 and	 seismicity	 and	 revealed	 a	
possible	mechanism	of	the	landslide	activity.	The	objec‐
tive	of	further	research	is	to	specify	the	methodology	of	
landslide	hazard	mapping.	
	
	
2.	DATABASE	
	

In	 our	 study	of	 the	Fergana	basin	 and	 its	mountai‐
nous	frame,	the	information	on	seismicity	of	the	study	
area	 was	 taken	 from	 the	 earthquake	 catalogue	 pub‐
lished	 by	 the	 Institute	 of	 Seismology	 of	 the	 National	
Academy	of	Sciences	of	the	Kyrgyz	Republic	[Abdrakh‐
matov	 et	 al.,	 2008],	 the	 1960–1992	 catalogues	 of		
EFM	 (authors	N.Kh.	 Bagmanova,	 T.Ya.	 Belenovich	 and		
V.M.	Slepoy),	as	well	as	the	annual	catalogs	of	EFM	for	
1995–2005,	 compiled	 in	 the	 IS	NAS	KR	and	published	
in	the	yearbook	“Earthquake	of	Northern	Eurasia”.	The	
database	 on	 large	 landslides	 included	 the	 data	 from	
[Ibatulin,	 2011],	 and	 the	 field	 survey	 data	 from	
[Abdybachaev,	 2015].	 The	 precipitation	 records	 of	 the	
Hydrometeorological	 Agency	 of	 the	 Kyrgyz	 Republic	
were	provided	by	O.	Kalashnikova.	
	
	
3.	BRIEF	DESCRIPTION	OF	THE	STUDY	AREA	
	

The	 study	 was	 focused	 on	 the	 eastern	 part	 of	 the	
Fergana	 basin	 and	 its	 mountainous	 frame	 due	 to	 the	
following	 factors:	 high	 landslide	 activity,	 high	 popula‐
tion	 density,	 and	 the	 availability	 of	 the	 instrumental	
observation	data	on	landslides	(the	latter	being	a	criti‐
cal	factor	for	such	studies).	

The	northern	and	southwestern	regions	of	the	Tien	
Shan	differ	 in	the	geological	history,	velocity	structure	
and	seismic	 activity	 levels.	 Seismic	activity	of	 the	Fer‐
gana	basin	is	about	three	times	higher	than	that	of	the	

Northern	Tien	Shan.	The	number	of	earthquakes	is	sig‐
nificantly	 larger	 in	 the	 Fergana	 basin,	 but	 there	 have	
been	 no	 devastating	 earthquakes,	 in	 contrast	 to	 the	
Northern	 Tien	 Shan	 (e.g.	 Kemin	 and	 Suusamyr	 earth‐
quakes	 in	 1911	 and	 1992,	 respectively)	 [Seismic		
Zoning…,	1980].	

According	to	the	seismic	tomography	data,	the	deep	
structure	 to	 the	 west	 of	 the	 Talas‐Fergana	 fault	 com‐
prises	 the	 ‘homogenous’	mantle	showing	a	gradual	 in‐
crease	in	seismic	wave	velocity	with	depth,	and	hetero‐
geneities	are	located	in	the	crust.	In	the	Northern	Tien	
Shan,	 on	 the	 contrary,	 there	 are	no	heterogeneities	 in	
the	 crust,	 while	 the	 mantle	 is	 highly	 heterogeneous	
[Bakirov,	2006].	Compared	to	the	Chu	basin	(latitudinal	
strike	of	 tectonic	structures	and	active	 faults),	 the	set‐
ting	 in	 this	 area	 is	 much	 more	 complicated.	 In	 the	
northern	part	of	the	mountainous	frame	of	the	Fergana	
basin,	 boundaries	 of	 ‘stable’	 uplifts	 and	 subsidence	
zones	 (i.e.	 tectonic	 zones)	 follows	 the	 fault	pattern.	 In	
the	northeastern	part,	 the	boundaries	go	across	active	
faults	 almost	 at	 an	 angle	 of	 90°.	 In	 the	 Eastern	 and	
Southern	 parts	 of	 mountainous	 frame	 of	 the	 Fergana	
basin,	 the	boundaries	 of	 tectonic	 zones	 are	 again	 spa‐
tially	coincident	with	active	faults.	These	regions	of	the	
Tien	 Shan	 differ	 in	 the	 geologic	 history.	 The	 South‐
western	Tien	Shan	is	under	the	influence	of	the	Pamir‐
Himalaya	 collision,	 and	 its	 structure	 is	 predetermined	
by	the	rotation	of	the	Fergana	block,	while	the	Central	
Tien	 Shan	 develops	 relatively	 autonomously	 under	
transpression	[Mikolaichuk,	2009].	

Even	 the	 spatial	 distribution	 of	 landslides	 is	 diffe‐
rent	 in	 the	 Northern	 Tien	 Shan	 and	 the	mountainous	
frame	of	the	Fergana	basin.	In	the	Northern	Tien	Shan,	
large	 landslides	 are	 clearly	 confined	 to	 the	 faults	 bor‐
dering	 modern	 uplifts.	 In	 the	 mountainous	 frame	 of		
the	 Fergana	 basin,	 large	 landslides	 occur	 both	 at	 the	
boundaries	of	‘stable’	uplifts	and	in	other	areas.	
	
	
4.	SEISMICITY	
	

It	is	known	that	the	seismic	process	is	not	stationary	
–	 it	 occurs	 in	 cycles.	 Cycles	 of	 90–100,	 45–50,	 23–26	
and	6–10	years	are	typical	 for	the	territory	of	Kyrgyz‐
stan	 [Grin	 et	 al.,	 1980;	 Yudakhin,	 Kalmetyeva,	 1994].	
Earthquake	 data	 on	 the	 Fergana	 basin	 and	 its	 moun‐
tainous	frame	are	given	in	Fig.	1,	a.	

Obviously,	 at	 different	 times	 the	 data	 available	 for	
the	study	area	differ	in	the	level	of	detail.	Historical	in‐
formation	on	devastating	earthquakes	(K≥14	or	I0≥7	in	
the	MSK64	scale)	is	available	only	since	1880.	The	first	
seismic	station	in	Tashkent	was	installed	and	surveyed	
in	 1911,	 and	 a	 catalog	 of	 earthquakes	 including	K=13	
(I0=5)	 events	was	 consolidated.	As	 the	number	of	 sta‐
tions	increased,	the	records	of	weaker	events	were	cat‐
alogued:	K≥12	 since	 1929;	K≥10	 since	 1951,	 and	K≥8		
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since	 1974	 [Seismic	 Zoning…,	 1980].	 Determination	 of	
focal	 mechanism	 solutions	 for	 K≥9	 earthquakes	 were	
started	in	the	late	1960s.	Considering	the	availability	of	
the	data	required	for	this	study,	a	50‐year	cycle	of	1950–
2000	was	selected	for	analysis.	This	cycle	is	divided	into	
nine	 ‘seismic	burst	cycles’	 (hereafter	bursts)	 (Fig.	1,	b).	
Within	 each	 burst,	 the	 spatial	 patterns	 of	 earthquake	
epicenters	 and	 the	 spatial	 orientations	of	 the	 compres‐
sion	(P)	axis	are	analysed	using	the	EFM	data.	

Fig.	 2	 shows	 the	maps	 of	 earthquake	 epicenters	 for	
the	nine	bursts,	and	the	azimuth‐diagrams	of	the	earth‐
quakes	quantity	with	 the	same	AzP	values.	As	 they	are	
the	mostly	weak	events	 (K=9–10)	so	we	also	construc‐
ted	azimuth‐diagrams	of	strong	(K≥12)	events	(right).	

The	maps	 in	Fig.	2	 (a,	b,	c,	d,	e,	 f,	g,	h,	 i)	 show	 that	
relatively	 strong	 earthquakes	 (K≥12,	M≥4.5)	 occurred	
along	a	straight	line	within	one	burst,	and	this	is	typical	
of	almost	all	 the	bursts.	These	straight	direction	chan‐
ges	from	one	burst	to	another,	and	the	P‐axis	direction	
also	 changes.	 In	 general,	 the	 submeridional	 P	 axis	 is	
characteristic	 of	 the	 entire	 Tien	 Shan	 territory.	 How‐
ever,	the	P	axis	direction	(especially	the	northern	one)	
slightly	changes	from	one	burst	to	another	–	in	the	first	
three	bursts	of	1955–1968.	 (see	Fig.	2,	a,	b,	c),	 the	di‐
rections	migrate	counterclockwise	within	the	azimuths	
from	40	to	320°.	The	northward,	southward,	eastward	
and	westward	directions	are	observed	 in	burst	4	 (Fig.	

2,	d),	and	the	southern	directions	is	dominant	in	burst	
5	 (Fig.	 2,	 c).	 Later	 on,	 the	 northern	 directions	 again	
begin	 to	 slowly	migrate	 counterclockwise	 (bursts	6,	 7	
and	 8,	 see	 Fig.	 2,	 f,	 g,	 h)	 and	 again	 starting	 from	 the		
azimuth	 of	 40°.	 The	 southern	 directions	 are	 slightly	
shifted	to	the	east,	in	the	range	of	140–180°.	

The	 migration	 lines	 of	 the	 epicenters	 of	 strong	
(K≥12)	 earthquakes	 are	 generally	 consistent	with	 the	
fault	directions	in	the	study	area,	except	for	those	time	
periods	 when	 strong	 (K≥12)	 earthquakes	 occurred	
with	predominant	compression	from	the	south	(bursts	
3	 and	 5,	 see	 Fig.	 2,	 c,	 e).	 Two	 strong	 earthquake	 oc‐
curred	 in	burst	5	 –	31.01.1977	 Isfara‐Batken	 (K=15.5,	
M=6.3,	 I0=7–8)	 and	 03.06.1977	 Khaidarken	 (K=14.2).	
The	migration	line	of	their	epicenters	goes	at	an	angle	
across	 the	 line	 of	 the	 South	 Fergana	 fault	 system.	 In	
bursts	 2	 and	 8,	 the	migration	 lines	 are	 sublatitudinal,	
and	 the	 P‐axis	 is	 submeridional.	 In	 bursts	 1	 and	 6	
(1955–1960)	and	1979–1986,	respectively),	the	migra‐
tion	lines	of	the	epicenters	of	strong	earthquakes	prac‐
tically	coincide,	and	the	northward	P‐axis	azimuths	are	
also	coincident	(20°).	

The	 above	data	 suggest	 a	 relationship	between	 the	
migration	 lines	 of	 earthquake	 epicenters	 and	 the	 spa‐
tial	orientations	of	the	compression	(P)	axis.	Changes	in	
the	P‐axis	azimuth	are	accompanied	by	changes	in	the	
migration	line	of	strong	(K≥12)	earthquakes.	
	

	
	
Fig.	1.	Energy	classes	of	earthquakes	in	the	order	of	their	occurrence	(а	–	all	the	data	for	the	study	area;	b	–	50‐year	cycle	of
1950–2000),	according	to	the	Institute	of	Seismology	of	NAS	KR	[Abdrakhmatov	et	al.,	2008].	
	
Рис.	1.	 Энергетический	 класс	 землетрясений	 в	 порядке	 их	 возникновения	 (а	 –	 весь	известный	для	исследуемой
территории	материал;	b	–	в	течение	50‐летнего	цикла	с	1950	по	2000	год)	по	данным	Института	сейсмологии	НАН
КР	[Abdrakhmatov	et	al.,	2008].	
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Fig.	2.	Maps	of	earthquake	epicenters	and	the	azimuth‐diagrams	of	AzP	values	for	all	earthquakes	of	the	burst	(center)	and
for	K≥12	earthquakes	 (right).	Active	 faults	 after	 [Mikolaichuk,	2009].	 Earthquake	epicenters	are	marked	by	 circles:	 red	–
K≥12;	yellow	–	K<12.	
	
Рис.	2.	Карты	эпицентров	землетрясений	и	диаграммы	распределения	количества	землетрясений	по	азимуту	оси
сжатия	Р	(для	всех	землетрясений	цикла	–	в	центре	и	для	землетрясений	с	К≥12	–	справа).	Активные	разломы	при‐
ведены	по	данным	А.В.	Миколайчука	[Mikolaichuk,	2009].	Красные	кружочки	обозначают	эпицентры	землетрясений
энергетического	класса	К≥12,	желтые	–	К<12.	
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Fig.	2	(c o n t i n u e d).	
	
Рис.	2	(о к о н ч а н и е).	
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5.	LANDSLIDES	
	

Systematic	 surveys	 of	 landslides	 in	 Kyrgyzstan	 be‐
gan	 in	 the	 mid‐1950s	 to	 monitor	 and	 investigate	 nu‐
merous	active	 landslides	 in	 the	Mailisai	area.	 In	1954,	
the	Ministry	of	Emergency	Situations	of	the	Kyrgyz	Re‐
public	 established	 the	 Landslide	 Survey	 Department	
for	 the	 southern	 regions	 of	 Kyrgyzstan	 and	 installed	
the	first	landslide	observation	station	in	1957.	After	the	
collapse	of	the	USSR,	this	department	gradually	ceased	
to	 function.	 The	 descriptions	 of	 the	 major	 landslides	
and	 the	 history	 of	 landslide	monitoring	 in	Kyrgyzstan	
are	 available	 in	 [Ibatulin,	2011].	 The	 volumes	 of	 large	
landslides	 and	 their	 occurrence	 dates	 are	 shown	 in		
Fig.	 3	 based	 on	 the	 data	 from	 [Ibatulin,	2011].	 Accor‐
ding	 to	 these	 data,	 two	 50‐year	 cycles	 can	 be	 distin‐
guished	 in	 the	 landslide	 activity,	 seemingly	 similar	 to	
the	 seismic	 cycles	 (see	 Fig.	 1,	 a),	 but	 these	 landslide	
activity	cycles	do	not	coincide	with	 the	seismic	cycles.	
In	1978,	the	first	landslide	cycle	ended,	and	the	second	
one	 began.	 On	 the	 contrary,	 the	 seismic	 cycle	 of	 that	
time	 includes	 the	 strongest	 Isfara‐Batken	 earthquake	
(burst	 5,	 see	 Fig.	 2,	 e).	 The	 second	 landslide	 cycle	
reached	 its	 peak	 in	 1998,	 while	 the	 50‐year	 seismic		
cycle,	on	the	contrary,	was	ended	at	that	time.	In	other	
words,	 the	 50‐year	 seismic	 and	 landslide	 cycles	 are	
shifted	relative	to	each	other	by	25	years.	

The	landslides	are	distributed	unevenly	in	the	study	
area	 (Fig.	4)	–	 the	densest	 clusters	of	 small	 landslides	
are	 located	 at	 the	 lower	 reaches	 of	 the	 Kugart	 river		
and	 in	 the	area	 south	of	 the	Kara‐Daria	 river,	 and	 the		
largest	landslides	(12–16	mln	m3)	are	confined	to	these	
clusters.	Several	landslides	are	located	at	the	fault	lines	
and	arranged	in	 lines	 following	the	fault	 lines.	Of	 inte‐
rest	 is	 a	 chain	 of	 landslides	 between	 the	 Yassy	 and		
Kara‐Daria	 rivers,	 which	 seems	 to	 mark	 the	 eastern	
boundary	of	the	landslide‐hazard	areas.	

The	 analysis	 of	 the	 landslide	 occurrence	 in	 space	
and	time,	shows	that	the	landslides	did	not	slide	in	the	
study	area	at	the	same	time.	Their	clusters	occurred	on	

separate	sites	at	different	time	intervals	(Fig.	4).	Site	1	
is	 the	Mailisai	 landslide	 cluster.	 Site	2	 is	 the	 landslide	
cluster	between	the	Kugart	and	Yassy	rivers;	this	block	
is	clearly	distinguishable	in	the	field	–	it	is	bordered	by	
a	 thrust	 on	 the	west	 and	 the	 Yassy	 river	 on	 the	 east.	
Site	 3	 is	 the	 largest	 one;	 its	 northern	 boundary	 is	 the	
Kara‐Daria	river.	

The	 boundaries	 of	 ‘stable’	 uplifts	 and	 ‘stable’	 subsi‐
dence	 areas	 are	 shown	 in	 Fig.	 4,	 b	 [Chedia,	 1986].	 On	
Sites	1	and	2,	the	landslides	are	located	along	the	boun‐
daries	of	‘stable’	uplifts.	On	Site	3,	most	of	the	landslides	
are	 located	 in	 the	area	between	 the	boundaries	of	 ‘sta‐
ble’	uplifts	and	‘stable’	subsidence	areas,	wherein	uplift‐
ing	 commenced	 in	 the	Quaternary	period	and	 replaced	
the	Paleogene‐Neogene	subsiding	[Chedia,	1986].	

Migration	of	large	landslides	in	time	is	illustrated	in	
Fig.	 5	 based	 on	 the	 EFM	 solutions	 and	 landslide	 data	
published	 in	 [Ibatulin,	2011].	Plunge	P	vs.	 time	graphs	
are	 constructed	 for	 the	 three	 sites.	 Red	 rhombs	 show	
large	 landslides	 (V≥300	000	m3);	 the	 largest	 landslide	
is	16	mln	m3.	The	 time	of	occurrence	of	 the	 strongest	
earthquakes	is	marked	by	blue	lines.	

In	 the	analyzed	period	of	 time,	 the	 first	 large	 land‐
slides	 occurred	 only	 on	 Site	 1.	 In	 1973,	 the	 landslide	
activity	 ceased	on	Site	1,	 but	developed	more	 actively	
on	 Site	 2	 that	 remained	 active	 until	 1978.	 Later	 on,	
large	 landslides	occurred	on	Site	3,	and	 the	volume	of	
landslides	 gradually	 increased	 with	 time.	 In	 1992–
1995,	the	whole	northeastern	boundary	of	the	Fergana	
basin	became	active	and	then	 landslides	did	not	occur	
at	 all	 on	 Site	 1	 and	 2.	 On	 Site	 3,	 on	 the	 contrary	 the	
landslide	activity	 continued	 to	 increase,	 and	 two	huge	
landslides	slid	down(14	and	16	mln	m3).	

Three	 aspects	 of	 the	 landslide	 activity	 in	 the	 study	
area	are	revealed	by	the	analysis	of	the	times	of	occur‐
rence	and	locations	of	landslides	in	correlation	with	the	
EFM	data	(see	Fig.	2	and	Fig.	5).	Firstly,	the	vast	majori‐
ty	of	 landslides	occurred	when	 the	P‐axis	angle	 to	 the	
horizontal	plane	was	significant	(in	other	words,	when	
the	side	support	was	reduced)	[Postoev,	2010;	Postoev,		
	

	
	

Fig.	3.	Volumes	of	large	landslides	(mln	m3)	after	[Ibatulin,	2011].	
	
Рис.	3.	Объем	крупных	оползней	(млн	м3)	по	данным	[Ibatulin,	2011].	
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Kazeev,	2011].	In	1984–1987,	the	position	of	the	P‐axis	
was	 horizontal,	 and	 no	 large	 landslides	 went	 down		
on	 any	 of	 the	 three	 sites.	 Secondly,	 on	 Sites	 1	 and	 2,	
landsliding	was	 active	 primarily	when	 the	 position	 of	
the	P	axis	was	submeridional	 (see	Fig.	2),	whereas	on	
Site	 3,	 the	 landsliding	 activity	 increased	 when	 domi‐

nant	 compression	 was	 only	 from	 the	 south	 or	 only	
from	the	north.	Can	this	be	indicative	of	a	relationship	
between	 the	 landslide	activity	on	a	particular	site	and	
the	P‐axis	azimuth	(AzP)	on	the	given	site?	And,	thirdly,	
the	 impact	of	strong	earthquake	radiation	needs	 to	be	
considered.	
	

	
	

Fig.	4.	Map	of	landslides:	(a)	–	red	dots	–	locations	of	landslides	according	to	the	field	survey	database	of	U.A.	Abdybachaev.
Yellow	circles	–	large	(V≥0.3	mln	m3)	landslides	after	[Ibatulin,	2011].	Black	circles	inside	yellow	circles	–	landslides	formed
over	 the	 ancient	 landslide	bodies.	Green	 triangles	–	 areas	with	numerous	new	 landslide	 fractures.	 Pink	 triangles	–	 rapid
landslides	 that	developed	at	 catastrophic	 rates	 (above	3	m/sec).	Active	 faults	after	 [Mikolaichuk,	2009].	 (b)	 –	wide	 line	–
boundaries	of	‘stable’	uplifts;	narrow	line	–	boundaries	of	‘stable’	subsidence	areas	after	[Chedia,	1986].	
	
Рис.	4.	Карта	оползней.	Желтые	кружочки	показывают	местоположение	крупных	(V≥0.3	млн	м3)	оползней	по	дан‐
ным	[Ibatulin,	2011];	черными	кружочками	внутри	желтых	кружочков	отмечены	оползни,	сошедшие	на	телах	древ‐
них	оползней.	Зеленые	треугольники	показывают	участки,	где	образовалось	большое	количество	новых	оползне‐
вых	трещин.	Розовыми	треугольниками	обозначены	скоростные	оползни	(сходившие	с	катастрофической	скоро‐
стью,	более	3	м/с).	Активные	разломы	по	данным	[Mikolaichuk,	2009].	
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In	 1977,	 the	 Isfara‐Batken	 earthquake	 (K=15.5,	
M=6.3,	I0=7–8)	triggered	the	landslide	activity	on	Site	3	
–	 the	 maximum	 seismic	 radiation	 propagated	 to	 the	
northeast,	 i.e.	 towards	 Site	 3,	 according	 to	 the	 EFM		
(Fig.	 6,	 a,	 Fig.	 7)	 and	macroseismic	 survey	 data	 [Kal‐
metyeva	et	al.,	2009].	The	first	landslide	event	at	Site	3	
occurred	in	the	Ken‐Zhylga	village	on	the	April	4,	1978.	
This	 unusual	 landslide	 is	 termed	 shooter	 in	 [Ibatulin,	
2011]	 –	 the	 7.0	m3	 landslide	 rapidly	moved	down	 the	
hell	 slope	 for	 over	 30	m	 and	hit	 the	 opposite	 bank	 of	
the	 river.	 It	 should	 be	 noted	 that	 the	mountain	 range	
can	 ‘shoot’	 boulders	 during	 strong	 earthquakes.	 This	
phenomenon	 was	 observed	 during,	 for	 example,	 the	
Kemin	 (1911)	 and	 Suusamyr	 (1992)	 earthquakes.	 In	
his	 study	 of	 the	 Kemin	 earthquake,	 K.I.	 Bogdanovich	
put	emphasis	on	 this	phenomenon	and	suggested	 that	
‘shooting’	of	rock	segments	and	stones	can	results	from	
of	 the	 passage	 of	 intense	 elastic	 waves,	 rather	 than	
from	 displacements	 of	 the	 rock	 mass	 itself	 [Bogda‐
novich	et	al.,	1911].	Most	probably,	a	 shooter	 landslide	
is	caused	by	the	same	factors.	

The	 next	 major	 seismic	 event	 was	 the	 Papskoe	
earthquake	(K=14,	M=5.5,	I0=8)	on	February	17,	1984.	

It	was	accompanied	by	numerous	foreshocks	and	after‐
shocks	 and	 thus	 resembled	 a	 swarm	 of	 earthquakes.	
Most	 of	 the	 earthquake	 sources	 were	 located	 on	 the	
northern	 uplifted	 wing	 of	 the	 North	 Fergana	 fault.	
Having	 originated	 from	 the	 northeastern	 part	 of	 the	
epicentral	area,	 the	seismic	process	rapidly	developed	
towards	 the	 southwest	 [Gafurov,	 1986],	 i.e.	 the	 maxi‐
mum	seismic	radiation	was	outside	the	territory	under	
consideration.	 This	 earthquake	 is	 a	 specific	 marker	 –	
after	its	occurrence,	the	P‐axis	took	the	horizontal	posi‐
tion	on	all	the	three	above‐mentioned	sites	for	several	
years,	 and	 no	 large	 landslides	 occurred	 during	 that	
period.	

The	Kochkorata	earthquake	(K=15,	M=6.3,	I0=8)	oc‐
curred	 on	 May	 15,	 1992.	 According	 to	 the	 EFM	 (see		
Fig.	6,	c)	 and	macroseismic	 survey	data	 [Dzhanuzakov	
et	al.,	2003],	its	maximum	destruction	zone	stretched	in	
the	 latitudinal	 direction,	 with	 the	 highest	 attenuation	
rates	observed	in	the	northwest	direction.	Due	to	such	
seismic	radiation,	the	landslide	activity	increased	on	all	
the	three	sites.	

These	 aspects	 of	 seismic	 radiation	 from	 the	 three	
above‐mentioned	 strong	 earthquakes	 are	 in	 good		
	

	
	
Fig.	5.	Plunge	P	vs.	time	graphs	for	the	three	sites.	See	the	legend	in	Fig.	4,	a.	Explanations	in	the	text.	
	
Рис.	5.	График	изменения	во	времени	угла	погружения	оси	Р	в	пределах	трех	площадок.	Обозначения	те	же,	что	на
рис.	4,	а.	Пояснения	в	тексте.	
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agreement	with	 the	occurrence	 times	and	 locations	of	
the	large	landslides	that	developed	after	the	earthqua‐
kes	(see	Fig.	4	and	Fig.	5).	

One	more	aspect	needs	 to	be	 considered	here.	 It	 is	
noted	 in	 the	 introduction	 that	 landsliding	 may	 take	
place	before	strong	earthquakes.	Based	on	our	concept	
of	the	origin	of	the	landslide	activity,	this	phenomenon	
can	be	explained	by	precursors	of	a	seismic	event.	For	
example,	 the	hydrogeodynamic	parameters	of	ground‐
water	 sources	 were	 evidently	 anomalous	 before	 the	
Papskoe	earthquake	[Gafurov,	1986].	

An	earthquake	does	not	occur	 instantly,	 like	an	ex‐
plosion.	 It	 has	 a	 long	 history	 of	 preparation	 and	 a	
short‐term	history	of	development	of	a	rupture	[Brune,	
1979;	 Rebetsky,	 Guo,	 2019].	 Earthquake	 precursors,	
such	 as	 quiescence	 zones,	 changes	 in	 parameters	 of	
electric	 and	 magnetic	 fields,	 changes	 in	 the	 hydrody‐
namic	 parameters	 of	 groundwater	 sources,	 give	 evi‐
dence	 of	 changes	 in	 the	 state	 of	 stresses.	 Additional	
stresses	may	develop	due	to	the	presence	of	fluids	that	
move	 in	 response	 to	external	 forces	 (e.g.	 gravitational	
interaction	of	 the	Earth	and	other	planets),	which	 im‐
pacts	can	last	for	several	months,	as	well	as	for	several	
years	 [Rebetsky,	 2006].	 The	 regional	 stresses	 are	 par‐

tially	 released	 after	 a	 major	 rupture	 is	 completely	
formed.	Later	on,	stresses	are	redistributed	and	relea‐
ses	 at	 the	 local	 level,	 which	 is	 manifested	 by	 after‐
shocks	and	landslides	[Kuchay	et	al.,	2017].	

Thus,	redistribution	of	stresses	is	the	mechanism	of	
the	 effects	 of	 strong	 earthquakes	 on	 landslides.	 This	
mechanism	is	active	both	before	an	earthquake	(when	
precursors	give	evidence	of	accumulation	of	stresses	in	
the	 zone	 of	 a	 future	 strong	 earthquake)	 and	 after	 the	
earthquake	(i.e.	redistribution	of	a	part	of	the	released	
regional	stresses	on	the	local	level).	
	
	
6.	PRECIPITATION	
	

It	is	known	that	precipitation	is	one	of	the	most	im‐
portant	 triggers	 of	 the	 landslide	 activity.	According	 to	
the	published	data,	50–60	%	of	 landslides	 result	 from	
excessive	 annual	 precipitation.	 In	 Kyrgyzstan,	 a	 20	%	
increase	of	the	long‐term	average	annual	precipitation	
values	does	 not	 influence	 the	 landslide	 activity	 in	 any	
way	[Meleshko	et	al,	2002].	Precipitation	leads	to	mas‐
sive	 landsliding	 when	 the	 long‐term	 average	 annual	
precipitation	values	are	exceeded	by	40	%	or	more.	In	
the	 50‐year	 cycle	 (1950–2000),	 the	 landslide	 activity	
increased	in	the	mountainous	frame	of	the	Fergana	ba‐
sin	 in	 1954,	 1969,	 1978	 and	 1994	 [Meleshko	 et	 al.,	
2002].	 In	 his	 calculations,	 A.V.	 Meleshko	 did	 not	 take	
into	account	the	volume	of	landslides	and	referred	only	
to	 their	 total	 number,	 including	 new	 landslides,	 land‐
slides	 showing	 major	 shifting,	 landslides	 with	 secon‐
dary	displacements,	and	stabilized	landslides.	

In	this	study,	we	used	the	data	from	meteorological	
stations	 Ak‐Terek,	 Jalal‐Abad,	 Salamalik	 and	 Gulcha	
(National	Hydrometeorological	 Agency	 of	 Kyrgyzstan)	
(see	Fig.	4,	a).	Simultaneous	increases	and	decreases	of	
the	precipitation	amounts	were	recorded	by	these	sta‐
tions.	 The	 records	 of	 the	 Ak‐Terek	 and	 Salamalik	 sta‐
tions	 show	 generally	 higher	 precipitation	 amounts,	 as	
compared	 to	 the	 records	of	 the	Gulcha	 and	 Jalal‐Abad	

	
Fig.	 6.	 EFM	 of	 K≥15	 seismic	 events:	 (a)	 –	 Isfara‐Batken
(1977);	 (b)	 –	 Pap	 (1984);	 (c)	 –	 Kochkorat	 (1992)	 (EFM
Catalogues	of	the	IS	NAS	KR).	
	
Рис.	6.	МОЗ	с	К≥15:	(a)	–	Исфара‐Баткенское	1977	г.;	(b)
–	Папское	1984	г.;	 (c)	–	Кочкоратинское	1992	г.	 (ката‐
логи	механизмов	очагов	землетрясения	ИС	НАН	КР).	

	
	

	
	
	

	
	
Fig.	7.	P‐axis	azimuth	for	Site	3.	
	
Рис.	7.	Рапределение	азимута	оси	сжатия	Р	для	площадки	№	3.	
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stations.	In	1969	(the	year	of	increased	landslide	activi‐
ty	in	the	study	area),	the	annual	precipitation	amounts	
recorded	by	all	 the	stations,	except	Gulcha	station,	ex‐
ceeded	 the	 long‐term	 average	 annual	 value	 by	 more	
than	40	%.	Landslide	activity	bursts	occurred	 in	1954	
and	1994,	i.e.	in	a	year	after	of	40	%	excessive	precipi‐
tation	amounts	recorded	by	the	Dzhalal‐Abad	and	Sal‐
amalik	stations.	However,	the	burst	of	1978	cannot	be	
explained	 by	 excessive	 precipitation	 –	 as	 it	 occurred	
nine	years	after	normal	annual	values.	However,	signif‐
icantly	 excessive	 precipitation	 in	 1987	 and	 1998	was	
not	accompanied	by	any	increase	of	the	landslide	activ‐
ity	[Meleshko	et	al,	2002].	According	to	[Ibatulin,	2011],	
many	new	landslide	ruptures	formed	in	1987–1988.	In	
the	period	from	1955	to	2005,	a	40	%	excessive	precip‐
itation	 was	 observed	 by	 each	 station	 no	 more	 than	
three	to	four	times.	The	landslide	occurrence,	however,	
was	more	frequent.	

It	 is	 noted	 in	 [Meleshko,	 2002;	 Ibatulin,	 2011;	 Ni‐
yazov,	Nurtaev,	2015;	Niyazov,	2017]	that	precipitation	
can	 accumulate	 in	 the	 period	 from	October	 to	March,	
inclusively,	 and	 this	 factor	 needs	 to	 be	 taken	 into	 ac‐
count.	 Excessive	 precipitation	 values	 in	 these	months	
were	 recorded	 more	 frequently	 than	 the	 excessive	
long‐term	 average	 annual	 values.	Moreover,	 the	 long‐
term	precipitation	values	were	exceed	in	some	months,	
although	the	annual	precipitation	values	were	normal.	
In	 this	 study,	 we	 considered	 the	 annual,	 winter	 and	
monthly	excessive	precipitation	values.	

On	Site	1,	 large	 landslides	occurred	 in	 the	 first	half	
of	 the	year,	especially	 in	the	summer	months.	The	Ak‐
Terek	station	recorded	three	cases	of	a	40	%	excess	of	
the	 long‐term	 average	 annual	 precipitation	 amount.	
The	average	annual,	winter,	and	summer	precipitation	
values	were	exceeded	in	1969,	and	landslides	occurred	
on	 the	 site.	 In	 1987	 and	 1998,	 there	 were	 no	 large	
landslides	 on	 Site	 1.	 It	 should	 be	 noted	 that	 six	 land‐
slides	 (out	 of	 12	 on	 this	 site)	 occurred	 in	 normal	 at‐
mospheric	conditions.	

On	Site	2,	more	than	half	of	the	landslides	occurred	
from	March	 to	May.	The	 landslide	activity	 is	generally	
increased	 in	 these	 months.	 Only	 two	 out	 of	 ten	 large	
landslides	 on	 Site	 2	 can	 be	 related	 to	 precipitation	 –	
there	were	heavy	rainfalls	in	April	1994,	and	the	annu‐
al	 precipitation	 amount	 was	 exceeded	 in	 2003.	 Other	
eight	 landslides	 occurred	when	monthly	 precipitation	
amounts	were	normal	and	even	in	the	autumn	months.	

On	 Site	 3,	 landslides	mostly	 occurred	 in	 the	 spring	
months.	A	40	%	excess	of	the	long‐term	average	annual	
precipitation	amounts	was	recorded	in	1987,	1998	and	
2003.	In	some	years,	the	annual	precipitation	amounts	
were	 normal,	 but	 the	 monthly	 precipitation	 values	
were	exceeded	in	the	winter	months	and	in	March	and	
April.	In	fact,	out	of	11	years	with	landslides	on	Site	3,	
there	were	no	heavy	rain‐	and	snowfalls	only	 in	 three	
years,	 1982,	 1983	 and	 1994.	 It	 should	 be	 also	 men‐

tioned	that	many	large	landslides	(including	the	largest	
one,	 16	 mln	 m3)	 developed	 on	 the	 ancient	 landslide	
bodies	 located	 at	 the	 eastern	 side	 of	 Site	 3.	 The	 land‐
slides	developed	on	hill	slopes	composed	of	the	Creta‐
ceous	 sediments	 (red	 sandstones,	 aleurolites,	 variega‐
ted	clays,	sandstones	interbedded	with	marl,	limestone	
and	gypsum).	The	properties	 of	 such	 rocks	 –	high	 ab‐
sorption	and	swelling	capacity	–	are	favorable	for	land‐
sliding	 surface	 deformation.	 Taking	 into	 account	 that	
the	 above‐mentioned	 landslides,	 without	 exception,	
occurred	in	conditions	of	a	40	%	excess	of	the	precipi‐
tation	 amount,	 there	 are	 grounds	 to	 conclude	 that		
atmospheric	precipitation	played	a	significant	role	and	
caused	 an	 increase	 of	 the	 landslide	 activity	 as	 the		
physical	properties	of	the	rocks	on	the	hill	slopes	were		
favourable	for	landsliding.	

In	 search	of	 correlations	 between	 the	 landslide	oc‐
currence	times	with	the	precipitation	amounts,	we	also	
used	 the	 P‐axis	 plunge	 in	 the	 EFM	 solutions	 for	 the	
earthquakes	 closest	 in	 time.	 It	 was	 revealed	 that,	 re‐
gardless	of	weather	conditions,	 the	P‐axis	angle	 to	 the	
horizontal	plane	was	significant	(with	the	exception	of	
1988,	6°).	

In	 Fig.	 8,	 the	 locations	 of	 the	 landslides	 on	 Site	 1	
(1988)	and	Site	3	(1987–1988)	relative	to	active	faults	
give	 evidence	 that	 the	 earthquakes	 and	 landslides	 are	
directly	 related	 to	 displacements	 along	 the	 fault.	 The	
landslides	 on	 Site	 3	were	 possibly	 triggered	 by	 heavy	
rainfalls.	On	Site	1,	however,	no	excessive	precipitation	
was	observed	in	1988.	

The	 above	 analysis	 does	 not	 reveal	 any	 unambigu‐
ous	 relationship	 between	 the	 landslide	 activity	 and	
heavy	 rainfall.	 Large	 landslides	 due	 to	 heavy	 rainfall	
amount	of	50	%	on	Site	1	and	less	than	50	%	on	Site	2.	
Furthermore,	it	must	be	noted	that	the	landslides	rela‐
ted	 to	 heavy	 rainfalls	 on	 Site	 3	 developed	 on	 the	 hill	
slopes	covered	with	Cretaceous	sediments.	

The	distribution	of	some	1,500	landslides	triggered	
by	 the	 2016	 Mw	 7.1	 Kumamoto	 earthquake	 in	 Japan	
has	been	recently	investigated	[Specht	et	al.,	2019].	It	is	
reported	that	the	low‐frequency	seismic	radiation	pat‐
tern	generally	correlates	with	the	distribution	of	 land‐
slides;	 however,	 the	 landslide	 distribution	 or	 orienta‐
tion	 (aspect)	 cannot	 be	 sufficiently	 explain	 by	 any	 of	
landslide	 susceptibility	 factors,	 including	hill	 slope	 in‐
clination,	median	amplification	factor	(MAF)	of	ground	
shaking,	 lithology,	 land	 cover,	 and	 topographic	 wet‐
ness.	 It	 is	worth	 noting	 that	 the	 need	 to	 consider	 the	
directness	 of	 seismic	 sources	 radiation	 was	 empha‐
sized	in	[Strom	et	al.,	2005].	
	
	
7.	CONCLUSION	
	

Based	 on	 the	 previously	 obtained	 results	 and	 the	
analysis	of	the	EFM	parameters	by	seismic	burst	cycles		
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(see	Fig.	1,	2),	 this	paper	provides	a	description	of	the	
landslide	 activity	 and	 seismicity,	 which	 is	 a	 result	 of	
our	10‐year	research	of	the	study	area.	

Our	study	results	give	grounds	to	conclude	that	na‐
tural	 stresses	 in	 the	 crust	 are	 the	major	 cause	 of	 the	
landslide	 activity	 and	 seismicity	 in	 the	 mountainous	
regions.	Each	‘burst’	cycle	is	characterized	by	a	specific	
P‐axis	 azimuth	 (AzP).	 During	 the	 cycle,	 migration	 of	
K≥12	 earthquake	 epicenters	 takes	 place	 in	 a	 specific	
straight	 direction	 that	 corresponds	 to	 the	 P‐axis	 azi‐
muth	in	accordance	with	the	laws	of	mechanics.	Chan‐
ges	 in	the	P‐axis	azimuth	 lead	to	changes	 in	the	direc‐
tion	 of	migration	 of	 the	 earthquake	 epicenters.	 Land‐
slides	occur	when,	after	some	stabilization	of	the	hori‐
zontal	position	of	the	P	axis	(which	can	last	for	several	
months	 or	 a	 few	 years),	 the	 P‐axis	 azimuth	 deviates	
from	 the	 horizontal	 plane,	 i.e.	 horizontal	 compression	
is	 reduced.	 In	 the	 future	 studies	 (pending	 a	 proper	
monitoring	 infrastructure	 in	 the	 study	 area),	 it	 is	 rea‐
sonable	to	give	special	attention	to	this	feature	–	it	can	
be	referred	to	as	a	medium‐term	precursor	of	the	land‐
slide	activity.		

Our	 data	 show	 that	 during	 certain	 intervals,	 land‐
slides	occurred	only	on	certain	sites.	This	 is	explained	
by	the	position	of	the	internal	structure	with	respect	to	
the	direction	of	 the	 stress	 axes	 (similar	 to	positioning	
of	 earthquake	 epicenters	 in	 each	 seismic	 ‘burst’	 with	
respect	to	the	corresponding	P‐axis	azimuth).	

The	mechanism	of	the	impact	of	strong	earthquakes	
on	 the	 occurrence	 of	 landslides	 is	 redistribution	 of	
stresses.	In	case	of	a	strong	earthquake,	regional	stres‐

ses	 are	 partially	 released	 by	 fracturing	 of	 the	 crust,	
which	 leads	 to	 redistribution	 of	 local	 stresses	 and	oc‐
currence	of	landslides	and	aftershocks.	

Therefore,	 the	 character	 of	 seismic	 radiation	 of	 the	
past	strong	earthquake	need	to	be	properly	considered	
as	it	can	show	places	of	the	landslide	activity	in	case	of	
potential	catastrophic	seismic	events	in	future.	It	is	sta‐
ted	in	[Niyazov,	Nurtaev,	2015;	Niyazov,	2017]	that	land‐
slides	 caused	 by	 remote	 earthquakes	 occur	 suddenly	
and	 unpredictably.	 Nonetheless,	 our	 study	 results	 sug‐
gest	a	possibility	of	 their	 forecasting,	 if	 a	 reliable	 infra‐
structure	is	available	for	monitoring	of	natural	stresses.	

The	landslide	activity	is	considerably	dependent	on	
precipitation	 and	 the	 features	 of	 hill	 slopes	 that	 are	
prone	 to	 landsliding	 (inclination,	 aspect,	 physical	 pro‐
perties	 of	 sediments	 covering	 the	 hill	 slopes,	 topo‐
graphic	 wetness,	 etc.).	 Taking	 these	 features	 into	 ac‐
count	 can	 become	 possible	 after	 zoning	 of	 the	 study	
area	on	the	basis	of	detailed	geological,	geophysical	and	
seismological	 data	 on	 the	 internal	 structure	 of	 the		
upper	 crust.	 Clarification	 of	 the	 features	 of	 every	 site	
will	provide	for	developing	standard	models	to	further	
investigate	the	landslide	activity.	

The	above	conclusions	and	assumptions	concerning	
the	origin	of	the	landslide	activity	in	seismically	active	
areas	allow	us	to	outline	research	directions	for	future	
studies.	 The	 goal	 is	 to	 develop	 the	 methodology	 of	
landslide‐hazard	 mapping	 (similar	 to	 seismic	 zoning	
mapping).	The	main	objectives	are	as	follows:	

(1)	Zoning	of	 the	study	area	with	respect	to	the	 in‐
ternal	structure	of	the	upper	crust;	

	
	
Fig.	8.	Map	of	earthquake	epicenters	 (red	circles)	and	 landslide	 locations	 (yellow	circles)	on	Site	1	 in	1988	and	Site	3	 in
1987–1988.	Active	faults	after	[Mikolaichuk,	2009].	
	
Рис.	8.	Карта	эпицентров	землетрясений	(красные	кружочки)	и	оползней	(желтые	кружочки)	за	1987–1988	гг.	на
площадках	№	1	и	№	3.	Активные	разломы	по	данным	[Mikolaichuk,	2009].	
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(2) Studying the recent geodynamics and the state 
of crustal stresses by geological, geophysical and seis-
mological methods. It should be noted in this study we 
used only azimuth and plunge of the principal com-
pression stress axis of EFM. The cataclastic analysis 
method (CAM) [Rebetsky, 2007; Rebetsky et al., 2017] 
provides for a more detailed investigation of natural 
stresses on the basis of EFM data, and it has been al-
ready applied to study the Northern Tien Shan 
[Rebetsky, Kuzikov, 2016; Rebetsky et al., 2016]; 

(3) Instrumental monitoring of landslides in the 
zones that differ in the structure of the upper crust (es-
tablish and survey landslide monitoring stations on the 
specified sites. This is necessary for compare the time 
of the occurrence of the landslide and earthquake, 
since at present time an earthquake is recordable with 
an accuracy of milliseconds, while landslide move-

ments are recorded with an accuracy of several days, at 
best, or may remain undetected); 

(4) Analysis of preparation and consequences of 
strong earthquakes that took place in the study area in 
comparison with the landslide activity The CAM is also 
useful in this respect [Rebetsky, 2007; Rebetsky et al., 
2012]). 
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