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Abstract. Most of the villages in the Hindukush region are settled on alluvial fan and
riverbed. The catchment of the alluvial fan is composed of high peak mountains that are
covered with glaciers and snow. The glaciers and snow are the main sources of water for
drinking and agriculture purposes. Debris flows is a major hazard in the Hindukush region
where they repeatedly result in disaster. In 2015 debris flow and flash flood caused 30
casualties in the Chitral region besides infrastructure damage. Debris flow events occur
due to the rapid melting of glacier/snow and intense rainstorm, instability of steep slopes,
and unconsolidated material overlying bedrocks. Through Hazard Vulnerability and Risk
Assessment, (HVRA) maps of different villages are developed. Each hazard is further
classified based on intensity and frequency. Based on risk and feasibility mitigation is
recommended. Two types of mitigation are practiced passive and active mitigation.
Passive mitigation is carried out by sharing of hazards and Risk maps with Government
and other stakeholders for land use management. Based on hazard maps awareness
seminars in villages are conducted and people are educated about prevailing geohazards.
Safe routes are also identified and through mock drill communities are prepared to do the
evacuation. Active mitigation is focused on the reduction of hazard levels by the
construction of protection walls, channelization, and check dams. After completion of
mitigation projects, the risk has been reduced according to HVRA maps. Post-disaster
analysis of mitigation structures is necessary to evaluate the effectiveness and
sustainability of the designs to improve future projects.
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AnHoTauus. borpmuHCTBO cen B ' MHIyKyIIIe paconokeHbI Ha aJUTFOBHAIBHBIX KOHYCaX
W B [JHHUIIAX PEYHBIX JOJNMH. BomocOOpHBIC OacCeiHbI, 3aKaHYHUBAIOIIUECS
AUTIOBHAJILHBIMH KOHYCaMH, OKPYXKCHBI BBICOKUMH TOPHBIMH XpeOTaMH, MOKPBITBIMHU
JIETHUKAMH U CHE)XHUKaMH. JISTHUKN U CHeXXHUKU SBIISIOTCSI OCHOBHBIMH UCTOYHUKAMHU
BOJIbI JIJISl IUTHEBBIX U CEIbCKOXO3SICTBEHHBIX 1esiel. Boblyt0 0macHOCTh Jjisl TOPHOTO
peruoHa ['MHIyKyIIa MPEACTABISAIOT CENEBbIE TOTOKH, TJI€ OHM HEOJHOKPATHO MPUBOMIIN
K KaTacTpodudeckum mocieactsusm. B 2015 1. ceneBble MOTOKH U JTUBHEBBIC MABOJIKH,
MOMHMO yIep0a, HAaHEeCEHHOTO WHQPACTpyKType, mpuBend k 30 jxkepTBaM cpeau
HaceneHuss B okpyre Umrpan. CeneBble MOTOKHA MPOUCXOMAT U3-32 OBICTPOTO TastHUS
JICTHUKOB/CHETa ¥ MHTCHCUBHBIX JIMBHEH, HECTAOMIIEHOCTH KPYTHIX CKIIOHOB M HAJITUYHUS
00NBIIMX 00BEMOB PHIXJIOr0 MaTepHala, HaKOIHMBILIETOCS TOBEPX KOPEHHBIX mopox. [1o
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pe3ynbpTaTaM OIeHKH ysa3BHUMOCTH M pucka (HVRA) cocTaBiasioTcst KapThl pa3inHyHBIX
HAaceJEeHHbIX INMyHKTOB. Ha OCHOBE 3TONH OIIEHKHM PEKOMEHAYIOTCS MEpONpPHUATHSA II0
CHIDKEHMIO pucKa. [IpakTukyroTcs JBa TUIIA MEPOIPUATUN 110 CMTYEHUIO MOCIEACTBUIN:
MMacCHBHbBIC U aKTUBHEIC. [laccMBHOE cMsTYEHME OCYHIECTBJIACTCA ITYTEM 06MeHa KapTamMu
OIMACHOCTEH U PUCKOB C MPABUTECJILCTBOM U APYTUMH 3aWHTCPECOBAHHBIMU CTOPOHAMU
JUIsl pa3pabOTKU MEPONPUSATHI MO YNpaBJIeHUIO 3eMIIeNoNIb30BaHeM. Ha ocHoBe KapT
OIIACHOCTH TIPOBOISITCSI CEMHHAPHI 10 MOBBIMICHUIO HHYOPMUPOBAHHOCTH HACEJICHHS O
mpeo0iaaloIuXx Teopuckax. Takxke ompenessiorcsi Oe3omacHble MapUIpyThl, W C
TTOMOIIBI0 TPEHUPOBOYHBIX YIEHUH HACEICHNE TOTOBUTCS K 3BAKyallli. AKTUBHBIE MEPHI
10 CMATYEHHUIO TOCIIEACTBHI COCPEAOTOUCHBI HA CHIDKCHHH YPOBHS ONACHOCTH IyTEM
CTPOUTENBCTBA 3AIIUTHBIX CTEHOK, CO3JaHNS JOTIOJHUTENBHBIX PYCeIl H TPOTHBOCEIEBBIX
namb6. ITocre 3aBepIIeHusI MPOEKTOB 0 CHIKEHUIO PUCKA, COTIIACHO CO3/IaHHBIM KapTaM,
puck cHmwkaercs. g omeHku >(PQPEKTHBHOCTH pPa3pabOTaHHBIX MeEp U C IIENBI0
YIIydIIeHns: OyAyImrX MPOEKTOB HeoOXOanMa MPOBOIUTH aHAIN3 3(P(EKTUBHOCTH 3THX
Mep T0CIe POXOKIACHUSA CTUXUUHBIX OCICTBUIA.

Knrwuesnlie cnoea: cenesoii NOMOK, Meponpusimusl no CmAc4eHuro noazedcm@uﬁ,
ANIOBUATBHBLIL KOHYC, 3aujuniHble CIMeHKU, onacHocmaos
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Introduction

In the north of Pakistan there lies a deep river traversed valley Chitral located in the
eastern Hindukush Ranges at the south-western part of the Pamir Syntaxis [Haneef, 2010]. The
district Chitral overlays an area of 15,000 km? in mountainous terrain with an elevation range
from 1000 m to 7700 m above sea level (a.s.l.) [Saeed et al., 2010]. The river of Chitral
crisscrosses the district as a primarily U-shaped valley molded in response to Late Quaternary
ice-age glaciations [Saeed et al., 2010]. The location of the understudied village is in Chitral
named Awi Shoghore and georeferenced as 36.00833N, 71.75833E. The village under multiple
hazards but debris flow is the most prominent. In July 2015 debris flow completely damaged 2
households and partially damaged 4 households besides cultivated lands, and forests. In the
course of Quaternary, valley-fill sediments of great width have been deposited by glacial,
fluvial, eolian, and mass-movement processes and the fluvial incision eroded these sediments
and formed terraces. Their development was controlled by tectonic and climatic influences, and
therefore they record information about the Quaternary landscape evolution and glaciations
[Kamp, 2004]. Climate change effects on the glacier bearing mountains and increased climate
variability are already affecting water accessibility, and extreme weather is causing flash floods,
landslides, and debris flow [Arabinda Mishra, 2019].

The most familiar geomorphic trait of the Chitral region is steep slopes associated with
high-relief mountains, which fuse into extensive relatively even floodplains. The dense network
of the tributary system covers these slopes. They drop sediments on go into valley floors
developing a range of tributary-junction landforms including debris cones, debris fans, and
alluvial fans [Tahirkheli, 2013]. In a region, where plane land for settlement and cultivation is
rare, fane terraces are used, and in some cases, these are the only available site for habitation.
Developments in irrigation technology and road building has enabled the increasing population
to a spread of settlements and cropland on these alluvial fans. Such areas are prone to glacial-
lake outbursts that cause flooding of the fans, damaging life, property, and crops [Tahirkheli,
2013]. The Hazards that occurs on the fan surfaces are mainly hydrogeomorphic and are
categorized as floods and debris flow based on sediment/water ratio during their carriage and
the floods have water content with sediments of 40%.
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In comparison, debris flows have 70-90% sediment concentration by weight, forming a
heterogeneous admixture and typically forms marginal levees and terminal lobes when
deposited [Tahirkheli, 2013].

This paper will focus on the dynamics of debris-flow hazards for alluvial fans with
unstable toe bassline deposition, with sediment concentration above 40%, which includes
debris flow and debris flood [Tahirkheli, 2013]. The rise in debris flow hazard increases in
human-environment interaction and the number of people and asset values exposed to hazards.
Vulnerability measurement and assessment are recognized as key components for reducing
losses from disasters and facilitating a culture of disaster resilience [Rasler, 2018]. To minimize
the vulnerability of the area, hazard vulnerability and risk assessment carried out and based on
assessment physical mitigation had been done which reduced the risk from high intensity to
low, of the area [Rasler, 2018].
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Fig. 10. Location Map of District Chitral, studied area is identified as a green square [Haneef, 2010]
Brief Review of the Problem

The design and implementation of active mitigation measures are vital to reduce the
impact of debris-flow activity and to protect inhabitants living downstream. The main problem
in active mitigation is the geomorphology of the site and the design. The protection wall has
been considered as the most suitable active mitigation structure for alluvial fan geomorphology.
The research focuses on the impact of active mitigation on the inhabitants living in debris flow
risk areas.

Methods

Since hazards occur at the juncture of socio-ecological systems, reducing hazard loss
requires the all-inclusive assessment of risk that considers combined distinctions of the
physical, built, and social environments of a place. Hence, risk assessment, and ultimately
vulnerability reduction, are processes that require multidisciplinary knowledge of various
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coupled physical and social processes to calculate the increasing level of risk posed by hazards
[Aksha et al., 2019].

Risk assessment itself is a methodology to determine the nature and extent of risk by
analyzing potential hazards and evaluating existing conditions of vulnerability that together
could potentially harm exposed people, property, services, livelihoods and the environment on
which they depend.

Risk assessments (and associated risk mapping) include a review of the technical
characteristics of hazards such as their location, intensity, frequency and probability; the
analysis of exposure and vulnerability including the physical social, health, economic and
environmental dimensions; and the evaluation of the effectiveness of prevailing and alternative
coping capacities in respect to likely risk scenarios. This series of activities is sometimes known
as a risk analysis process.

The methodology of research is based upon hazard risk vulnerability assessment of
debris flow and the followed physical mitigative structures. The applicable mitigative design
can minimize the effect of debris-flow intensity. the indication of its potential for destruction
and is expressed as a function of the intensity and the return period. Its values will be used to
weight the exposure in the risk calculation and should be relative values. The significance
allows us to explicitly give more importance to frequent and/or high-intensity hazards in the
risk calculation.

The location, design, and potential to resist the debris flow of the mitigative structure
contribute to low the intensity of the debris flow [Aksha et al., 2019].

Data

To Mitigate the debris flow risk AKAH Pakistan initiated a project to reduce the risk.
The initiated project encompasses active mitigation. In active mitigation, the protection wall
model has been used to lessen the intensity of debris flow. The household data and
infrastructure data acquired from the HVRA database. The catchment of the debris flow in Awi
is barren regolith encompasses an area of 35.92 km?. The slope angle of the gorge is 5 to 7-
degree steep to facilitate the debris velocity. To prevent the high risk of debris flow protective
wall of 103 feet in length and 10 feet high from natural surface level has been built on the
convex portion of the gorge.

Fig. 11. Cross-sectional view of protection wall Fig. 12. Side view of the protection wall
along the gorge at the convex portion of the
meandering stream

Analysis

The analysis based on the risk index of the village before and after the active mitigation
The process of risk index described here leads to the calculation of two risk indices.
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e Risk index (activity zone) better depicts the risk of infrastructure and economic
activities, therefore the activity zone exposure is the physical exposure of the
village to natural hazard

Risk Index(Activity Zone) =Exposure e(Area)*Vulnerability

e Risk index (living zone) better depicts the risk of loss of life and injuries,
therefore the living zone exposure is the percentage of a village population at-
risk
Risk Index(Living Zone) =Exposure (Population)*Vulnerability

For prioritization purposes, it might be required to summarize the risk index (activity
zone) and the risk index (living zone) into a single risk index (village). Given that the living
zone better depicts the location of people while the activity zone better depicts the location of
activities and infrastructure, and given the relative importance of life lost compared to economic
loss and infrastructure damage, it is accepted that the risk index (living zone) will be given a
heavier weight. In addition, the population parameter of living zones is taken into account as
by simple averaging of living zones risk index the final village risk can be misleading. Thus,
the final calculation formula for village risk index is expressed as follow:

RiskIndex(Village) :0.8*(Z?’:O(Risklndex(LivingZonei)*CaIibrationIndexi)/N)
+0.2*RiskIndex (ActivityZone)

Calibration Index; = Population(Living Zone;) / (Zio(Population(LivingZonei) IN)

where

— CalibrationIndex is a derived index to calibrate initial living zone risk index

based on population factor;

— Nis total number of living zones of an activity zone.
0.8 & 0.2 indicates 80% & 20% weight given to risk of living & activity zone respectively
[HVRA, 4 October 2014].

Following the formula of risk index is calculated through Arc GIS has and the results are

as follows [HVRA, 4 October 2014].

Various Indices Pre Mitigation

Table 7. The exposure, susceptibility, coping capacity, adaptive capacity, vulnerability, and risk in the
pre mitigation scenario

Hazard ExposureSusceptibility|Coping Adaptive Vulnerability [Risk

Capacity Capacity

Avalanches | 0.0042 0.66 0.36 0.0015

Bank Erosion | 0.0031 0.77 0.33 0.001

Debris Flow | 0.2456 0.66 0.36 0.0889
0.45 0.7

Earthquake 0.149 0.68 0.36 0.0538

Flood 0.0168 0.66 0.36 0.0061

Rockfall 0.1259 0.74 0.34 0.0426

Multi-Hazard| 0.5446 0.45 0.64 0.7 0.37 0.2005
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Various Indices Post Mitigation

Table 8. Post mitigation indices

Hazard ExposureSusceptibility|Coping Adaptive Vulnerability [Risk

Capacity Capacity

Avalanches | 0.0043 0.7 0.3 0.0013

Bank Erosion | 0.0033 0.83 0.25 0.0008

Debris Flow | 0.1976 0.7 0.3 0.0579
0.32 0.74

Earthquake 1 0.73 0.29 0.2869

Flood 0.0157 0.7 0.3 0.0046

Rockfall 0.1278 0.79 0.27 0.0342

Multi-Hazard | 1.3487 0.32 0.69 0.74 0.3 0.4029

The various indices illustrate the difference between the pre and post risk index of the
village. The exposure difference is 0.17304 has been reduced due to active mitigation. the
susceptibility has been also reduced from 0.45 to 0.32. the coping capacity and adaptive
capacity has been increased from 0.66 and 0.7 to 0.7 to 0.74, respectively. Thus, the
vulnerability of the habitat also condensed from 0.36 to 0.3. Hence the scenario changed the
risk index of the village from 0.0889 to 0.0579 with a difference of 0.31 in response to debris

flow mitigation.

Table 9. Impact of mitigation on the village Awi Shoghore

Household Population Infrastructure

High | Medium | Low | High | Medium | Low | High Medium | Low
Before | 11 18 37 70 111 251 Helispot, | Bank, Wildlife
Hotel, School, | office,
Mosque, | Jamat AKHC,
Water Khana AKHC
tank Staff
house
After 0 30 37 0 202 251 NA Bank, AKHC,
School, | AKHC
Jamat Staff
Khana, house,
Water Wildlife
Tank, Office

Mosque

The Table 3 illustrates the effect of active mitigation measures ensured the positive
changes in the villages. After the mitigation, the 11 households in high risk moved to medium
and low vulnerable areas. The infrastructure in high risk displaced to medium and medium to
low consequently.
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Fig. 14. Hazard map of the village after completion of the mitigation project. The map illustrates that due
to mitigation the high hazard class has been shifted towards the gorge
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Conclusion

Natural hazards are the most prominent factor that affects the habitat in the northern areas
of Pakistan. Although all hazards leave their mark on the community, but the debris flow is the
most disastrous. Debris flow will affect the community if not mitigated properly. Due to climate
change, the monsoon causes flash floods even in the Upper parts of the Chitral region. In the
village, Awi Shoghore a small step has been taken to prevent the overflow of debris at critical
points. Post-disaster analysis of mitigation structure is helpful to evaluate the effectiveness and
sustainability of design. As both the precautionary and preventable measures were taken then
the risk index of the village has been reduced.
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