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Resilience 6on yHA3CTHUI COEN, ynamknanbir 03343/K, TOITBOPTON alOymnryni, catran amap,
TarBaH ync HUArMunAr OyTasH Ganryynaxag HaH vyxan onnront oM. MoHron ync, AnoH yncaac
9XI1394 OSIOH YNC OPOH BavranuiniH ramwrinii acyyanyya, A3NXUAH XYpaanaH 6y opymH GOroH
XOTbIH acyyanyya rox MaT OypaH WniAaBIpnax 4vagaxryh Garviraa onoH acyygantanh Hyyp
Tyncaap 6avraa 6unaa. ©epeep xanban XonWWa HANTMUIAH TOrTOMNLOO-ra3ap Tenesnent amap
6anx tanaap Resilience rax onnronTt xaHanarblH YYAH33C XaHAax wWaapanaratan 6anraa tom.
OH3 acyypang ypT XyrauaaHng, Hyxautan xaHgax 3opunroop MoHron yncbeiH nx cypryynb 60mnoH
Haros ux cypryynb xamTtaaa xamtapcaH cyaanraaHbl TeB 6anryymk, 6uasHg Tynrapaag 6aviraa
acyyanyyobir WWANABIpnaXx Yagax 60noBCOH Xy4HMIT 63aNTraxasp 30pbx GariHa.
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Onagawa, Miyagi Prefecture, Japan, 2011



' N

Large earthquakes and actlve faults in Mongolia
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Intra-plate earthquake
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1905 Bulnai Earthquake and faulting
(Sclupp and Cisternas, 2007)

Since Earth formed around 4.6 billion years ago, repeated crustal movement has resulted in the formation of many faults in the ground.
Some of these have been active even until the recent time, and they are called active faults; such faults can generate big earthquakes.

In 1905, an active fault resulted in the Bulnai Earthquake of magnitude 8.4 in northwestern Mongolia. The 400-km-long surface
earthquake fault with a maximum displacement of 14 m is regarded the largest in the world. The area along the fault incurred very
severe damage during the earthquake. Later, in 1957, the Gobi-Altai earthquake of magnitude 8.2 occurred in central Mongolia. This
earthquake was generated by a 300-km-long active fault located along the foot of the Gobi-Altai Mountains.

Earthquakes are classified into two types. Intra-plate earthquakes result from active faulting in the inland shallow crust, while inter-
plate earthquakes are caused by the sudden release of energy accompanying the elastic rebound of the crust. The surface of the earth
separates into around 10 “plates,” each about 100 km thick. The plate move slowly away from each other in different directions,
resulting in collisions, subductions, or transform movements at their boundaries; these movements frequently generate earthquakes.
The 2011 Great East Japan Earthquake of magnitude 9.0 is probably the most powerful of the inter-plate earthquakes that have
occurred in the world.

Japan experiences earthquakes often since several plate boundaries are located close to Japan. Although Mongolia is located far
from plate boundaries, large earthquakes do occur, albeit infrequently. In order to formulate countermeasures against the damage
caused by earthquakes, it is necessary to understand the characteristics of seismic activity.

[written by Dr. SUZUKI Yasuhiro, Professor at Nagoya University]
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The 2011 Great East Japan Earthquake - an inter-plate earthquake
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World distribution of earthguakes (based on USGS data) .
Fukushima Nuclear Power plant
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On March 11, 2011, the 9.0-magnitude Great East Japan Earthquake and subsequent tsunami stuck the eastern part of Japan, leaving
15,840 dead and another 3,926 missing. This earthquake occurred in the Pacific Ocean, offshore of northeast Japan; a plate boundary
exists here, and the Pacific plate gradually subducts beneath the continental plate at this boundary. The large earthquake was caused
by a rapid rebound that occurred there.

When the epicenter is located offshore, the seafloor may be displaced sufficiently to cause a tsunami. Tsunamis are long-wavelength
sea waves produced by the sudden movement of large volumes of water. In the case of the tsunami that struck Japan on March 11,
2011, the sea level had risen by more than 3 m for half an hour, and hence, the marine water overran nearby coastal areas and
invaded inland areas up to distances of 3—4 km from the coast. Additionally, two types of waves were observed in this tsunami—Ilong-
wavelength waves with low wave-height and short-wavelength waves whose wave height was about three times that of the former. The
tsunami resulted in a run-up into the valley facing the Pacific Ocean with a maximum of altitude of 40 m.

The Fukushima nuclear power plant was hit by 15-m-high tsunami waves, resulting in severe damage to the power plant. The
electricity supply essential for cooling waste nuclear fuel was shutdown accidentally. This resulted in an explosion at the plant, and
radioactive substances diffused into the atmosphere up to several kilometers from the plant. About 250,000 residents were evacuated
from their own towns as of September 2014.

The region in east Japan, extending 500 km north—south, also experienced strong ground motion. Many buildings were damaged,
and several people lost their lives even in Tokyo metropolis. Although Japan has had safeguards in place against damage resulting from
earthquakes for a long time, the magnitude of the hazards posed by this earthquake shocked the people, and they struggled to deal
with this difficult problem.
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What is Dzud ?

A—SOTFRERSONEIZMET HEVITILEIZENIES1580mD SR LIZH B,
HEHREN KSR TIZTTRLIDEZLDHMIE TI0~48EFF LU EIZTHT=Y., FFFK
= [XEVTILEFEET200~220mmeD 7L, QB ESMNIRIE=IZEFRT 5, EVTIL
E?O)é%ﬁ%d)%ila ENTHAERBFICEIETHA LMD ELUNTIR 2

2TLV3,

VEREEE. MEENTOSRENKEICHRE T IEZENLERERELGS, X-FOERD
HREIKEHDINEIKIETH D, FIEDIIEREYIHELESZ AT THL HETE
TRENERBTRITLEA-OIZROEEZIZYFOBEENE LI mEIFTIVEELT
EEBZONGEL, —BITVFRELW-STEZDERERIISEISETH S, VED DL, BlzSE
[2DEKELHB UL ERLTREBNEOKEEMTELALYAEIZDEN S, EEMN
HERERIZEDWTITHLIA TS, EHERIE=DIZHHoN, EMEESIT K. HED
RZ.EMTOESKDIERZRL LSLEHBAHCERTHD,

EVOILTIX. MEAODL35%., ERBEEDNISHBEEREN L. BWELE
EDREFEAD=Z#HBENEHTLS(20115), HIIREREEZEERNBEED
RELTILTHS, 2000FE R FHE2010EICHBELBEELFIONA NS, FhEFN
DARUMZBENWT,. RERBOBELZE=2D—. "S5 D—MNETELTIVS, CRLDE
HiE,. EEWICEEERZEQOVFTHY. BEMICIXVELIEELE-FEFR(ZEILIDED
FIEXDICKY . HENRDLI=-CETH S,

c
2 E
c >
£3
oo =
g "'6 10 SRS TESS SO ORR
o3
SE O
x© S
< .10
1994 1996 1998 2000 2002 2004 2006 2008 2010
Year
e Il Real GDP growth rate —e— Number of livestock
REEVOMASHBEINLDEFOVFEEYY. RVWEE TR ) )
EHENRGEDE, KM A ELESH (2006598 RIILHVER). FER(AEGH) REEAREEORRFEORFRIL.

In the coupled cold and arid climate of Mongolia, approximately 35% of the population of employees was
engaged in stock farming during the year 2011. People living in rural areas are subjected not only to
drought in the summer but also to another natural disaster in the winter. Harsh winter conditions can
prevent livestock from accessing pastures and can result in a large number of livestock deaths. Even when
winter conditions are comparatively moderate, if the pasture conditions are inadequate due to deficit in
precipitation (e.g., drought) in the previous growing season, livestock may not survive the winter. In
Mongolia, this type of disaster — a mass livestock loss directly induced by a harsh winter climate but often
influenced by drought in the previous summer — is called a dzud. Dzud is experienced throughout central
Asia.

In Mongolia, pastoral livestock husbandry has repeatedly suffered from drought and dzud. The dzuds
during the three cold seasons of 1999-2002, that were accompanied by droughts, killed 11.2 million
livestock, which accounts for about 33% of the total number of livestock for 1999. During 2009-2010, 10.3
million were killed due to dzud. These disasters impacted dramatically national-level economic conditions as
clearly seen in the annual economic growth rate.

[written by Dr. SHINODA, Masato, Professor at Nagoya University]
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Countermeasures against dzud
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PASTURE CARRYING CAPACITY FOR WINTER OF 2009-2010
(BY SOUM AND BAGH)
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Drought is a creeping phenomenon having a time-lagged carryover of anomalies in rainfall-soil moisture-
pasture-livestock and eventually leading to a dzud. That is, lower-than normal precipitation leads finally to
time-lagged lower-than-normal weight of livestock (health conditions) through the processes. Preparedness
for dzud is ensured with the time lag that a drought in summer leads to a dzud in winter—spring. Monitoring
and forecast of soil moisture and pasture is an essential need for the drought-dzud EWS. Mapping of pasture
conditions in Mongolia was conducted under the Project for Development of Human Capacity for Weather
Forecasting and Data Analysis in Mongolia by the Japan International Cooperation Agency (JICA).

The project produced a map on a finer (village) spatial scale by collecting positional information for each
pasture measurement by GPS. Previously, they did not have locational information for the pasture data and
just averaged the data in a county (an administrative unit larger than a village). We provided GPSs with
local agri-meteorological observers to collect such information. There is an advantage of this map in that
more (but small) locations with good pasture conditions are identified on a village scale (compared with on a
county scale) even by using the same data set. With this map, herders can be guided to a nearer good
pastureland than the ones they had used before. The movements are dispersed to more areas and the
resultant land-use pressure on good pastures will be mitigated. This mapped information will be crucial for
an optimized use of pasturelands to prevent a localized land degradation due to a high grazing pressure.
This map, that was for the first time produced in 2005, has been used up to the present widely in Mongolia
and publicized every summer in a newspaper.

[written by Dr. SHINODA, Masato, Professor at Nagoya University]
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Global permafrost distribution
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Thickness of the permafrost in eastern Maximum extension of the Pleistocene ice sheets and
Siberia (compiled by T. Hiyama) ice caps (After E.Antevs and R.F.Flint)

Permafrost is the frozen soil at least for 2 years. Permafrost mainly distributes in northern Eurasia,
northern North-America, and the Tibetan Plateau. Depth of the permafrost in northern Eurasia is from a
few meters to 500 m and the deepest zone locates along the Arctic Ocean and in eastern Siberia.
Distribution and the depth of the permafrost have been determined by those of glacier caps in the
Quaternary (for the past around 2 Ma). Because glacier caps prevent heat exchange between surface
soil and the atmosphere, permafrost develops at the region of annual temperature being less than 0 °C
in case no glacier cap covers the ground surface. Because there has been no glacier cap in eastern
Siberia, permafrost distributes very widely and deeply.

[written by Dr. HIYAMA, Tetsuya, Professor at Nagoya University]
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Global permafrost distribution and landscapes in Mongolia
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Permafrost also exists in Mongolia, with the area around two-thirds of the whole country. There are also
seasonally frozen soils in this country. Interestingly in mountainous areas of northern Mongolia, permafrost
is alive in the north-facing slopes, on which larch trees also be alive. On the contrary, no permafrost but
seasonally frozen soil distributes in the south-facing slopes on which no larch forest occupies. This is
because active layer (seasonally thawing layer) of the permafrost sustains soil water to be able to grow up
larch trees and then larch forest prevents thawing of the permafrost with intercepting from exposure of
sunlight. This means there is “coexistence” between permafrost and larch forest in north-facing slopes, and
it has an important role to sustain forest landscapes in this region.

Permafrost (soil) temperature has been increasing partly owing to the global warming. If increasing rate
of the soil temperature was kept or became higher, permafrost might change to seasonally frozen soil. Then
it will derive destruction of coexistence between permafrost and larch forest in north-facing slopes. This is
another form of “deforestation”. Because regional climate might be changed due to deforestation, we should
prevent destruction of the coexistence between permafrost and larch forest.

[written by Dr. HIYAMA, Tetsuya, Professor at Nagoya University]
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Consideration on the Resilience of Mongolia
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The lifestyle of Mongolian nomadic herders is wholly resilient. Nomadic herders always pay attention to the weather and the
condition of the grass, and they move quickly if they sense danger, or notice that a situation around them is changing for the worse.
Mongolian movable dwellings, Gers, represent the wisdom of a longtime nomadic lifestyle. They are lightweight, foldable, and
quakeproof, and comfortable in all seasons. Mobility is a key characteristic of their traditional nomadic lifestyle, as is their resilience,
which is evidenced in their ability to adapt to severe changes in environment. The nomadic life strategy built up over thousands of
years is still valid in the present time.

Many ger districts exist in Ulan Bator surrounded by modern buildings. The scene of a modern city fused with nomadic life can
never be seen in other cities of the world, and is unique to the cityscape of Ulan Bator. However, this arrangement might disappear
over the next several years, because a redevelopment plan is being advanced that will replace the gers with apartment houses.

The lack of adequate city services, such as water supply, sewerage and hot water heating systems in the ger districts caused serious
air pollution and other urban problems. This is the main reason redevelopment is necessary. The population of Ulan Bator has risen
and exceeded 1,300,000. Mongolia’s rapid economic growth has necessitated the remodeling of its capital.

Facing such a situation, how can we use the wisdom of this nomadic society’s knowledge of resilience for city planning? We should
find a way to respect and use the traditional characteristics of a ger district. If this form of urban design can be accommodated, not
only will it offer satisfaction to the Mongolian residents, but it will also have significance as a model for an advanced future city of the
world.

[written by Dr. ISHII Shoko, Researcher at Nagoya University]
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