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Evaluation of decadal rainfall variability’s effect on debris flow
intensity and frequency in the Brep Area of Chitral, Pakistan

N. Uddin, L. Ali, Z. Uddin

Branch of the Aga Khan Agency for Habitat in Pakistan, Islamabad, Pakistan,
nasiruddin.shah@akdn.org

Abstract. Debris flows are a significant natural hazard, causing severe casualties and
property damage. This study explores the relationship between rainfall conditions and
debris flows in the Chitral District of northern Pakistan, focusing on the Brep region.
Utilizing rainfall and temperature data from the weather monitoring post (WMP) installed
by the Aga Khan Agency for Habitat, historical debris flow records, and GIS mapping, the
study examines the impact of climatic variations on debris flow frequency and intensity.
The study aims to identify changing climatic conditions that lead to changes in
precipitation patterns by analyzing temperature and rainfall data collected over ten years.
Findings indicate a significant rise in temperatures from 2007 to 2023 and fluctuating
rainfall intensities. Historical data reveals an increasing trend in debris flow damage, with
affected areas expanding markedly over time. The results underscore the dynamic nature
of climatic patterns and their influence on debris flows. By understanding the link between
rainfall patterns and debris flow intensification, the research contributes to developing
effective disaster prediction and early warning systems.
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Biansinue gecsiTujieTHell MU3MEHYUBOCTH O0CAAKOB HA HHTEHCUBHOCThH
1 4aCTOTY ceJieBbIX IOTOKOB B paiioHe bpen (oxkpyr YUurpau,
IMakucran)

H. Yaaun, JI. Aan, 3. Yaaun

Qunuan Aeenmemea Aea Xana no Xabumam 6 Ilaxucmane, Ucnamabao, Iaxucman,
nasiruddin.shah@akdn.org

AnHoramusi. CeneBble MOTOKM TIPEACTABISIIOT COOOH 3HAYNTENBHYIO NPHPOIHYIO
OIAaCHOCTh, MPHBOAAIIYIO K CEPHE3HBIM JKEPTBAM U MaTepuansHoMy yuiepOy. B manHoM
HCCTIEIOBAaHUN H3y4aeTCsl CBS3b MEXKY KOJMYECTBOM OCAJKOB MU CEJICBHIMH ITOTOKAMHU B
paiione Yutpan Ha ceepe Ilakucrana, B ocHOBHOM B paiione bpen. Mcnonb3ys naHHble 0
KOJIMUECTBE OCAJIKOB U TEMIIEpaType ¢ MOCTa MeTEopoJIoTHyeckoro Monutopunra (IIMM),
YCTaHOBJIEHHOTO ATeHTCTBOM Ara XaHa IO BOIpOCaM Cpeabl OOMTaHMS, HUCTOPUUECKHE
JAaHHBIE O CeJIeBBIX MOoTOKax W Kaprorpaduio I'MC, B mccienoBaHMU paccMaTpHBaeTCs
BIIMSTHNE KIIMMATHYECKUX KOJIeOaHHUI Ha YaCTOTY M MHTEHCHBHOCTH CEJIEBBIX TIOTOKOB.

HccnenoBaHue HampaBlIeHO Ha BBISBICHHE MEHSIOIUXCA KIMMAaTHYECKUX YCIOBHUH,
KOTOpbIE MNPHUBOAAT K M3MEHEHHIO XapakTepa OCaJKoB, IyTeM aHaiau3a JaHHBIX O
TEMIIEpaType M KOJNYECTBE OCA/IKOB, COOPaHHBIX 3a JecATh JeT. [lomydeHHble JaHHbIe
CBUJETENBCTBYIOT O 3HAYUTEIbHOM MOBBbILIEHUH Temmepatypsl ¢ 2007 mo 2023 r. u
KoJIeOaHHUSX MHTEHCHBHOCTH OCajgKkoB. lcropuyeckne paHHbIE CBUAETEIHCTBYIOT O
TEH/ICHITNH K YBEIHMICHHUIO YIIepOa OT CeNeBhIX MOTOKOB, IPUYEM ITOCTPAIABIINE PAaOHBI
3aMETHO PaCIIUPSIOTCS ¢ TeUeHHEM BpeMeHH. [loydeHHbIe pe3yIbTaThl MOJIEPKUBAIOT
JUHAMHUYHOCTh KIIMMATHYECKUX MOJIeNIeH M NX BIUSHHE Ha cesieBble NOTOKH. [loHnMaHne
CBSI3M MEXJy XapaKTepPOM OCAaJKOB M MHTEHCHBHOCTHIO CEJIEBBIX IOTOKOB CIIOCOOCTBYET
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pa3paboTke S(PQPEKTUBHBIX CHCTEM MPOTHO3MPOBAHUS W PAHHETO OIOBEIIEHUS O
CTHXUUHBIX OCJICTBHSIX.

Kniouesuvie crosa: cenesvie nomoxu, uHmMeHCUBHOCMb, OCAOKU, ONACHOCMb,
6o30eticmaue

Ccepbuika aast nutupoBanusi: Y H., Amu JI., Yanun 3. BousHue necstuineTHed W3MEHYHBOCTH OCAJKOB Ha
WHTCHCUBHOCTH U YaCTOTY CEJICBBIX MOTOKOB B paiioHe bpemn (okpyr Uurpan, [Takucran). B ¢0.: CeneBbie MOTOKH:
KaTacTpodbl, PpUCK, MPOTHO3, 3amuTa. Tpyasl 7-it Mexaynapoanoit kondepenunn (Usuny, Kurait). — Ot1B. pen.
C.C. Yepnomoper, K. Xy, K.C. Bucxamkuesa. — M.: OO0 «I'eomapketur», 2024, c. 511-516.

Introduction

Debris flows are major components of many natural disasters, causing severe casualties
and significant damage to public and private properties. Rainfall is widely recognized as a
critical factor in triggering debris flows [Prenner et al., 2018]. Regional rainfall destabilizes
hillsides, increasing erosion and triggering debris flows as rainfall intensity rises [Thouret et
al., 2020]. Understanding the relationship between rainfall and debris flows is crucial for
comprehending their mechanisms, predicting disasters, and developing early warning systems.

Determining rainfall thresholds is a common method for analyzing how debris flows
respond to rainfall [Banihabib and Tanhapour, 2020]. These thresholds are defined using
various parameters [Segoni et al., 2018], including rainfall intensity [Marin et al., 2020],
rainfall duration [Peres and Cancelliere, 2014], cumulative rainfall over a specific period [Kean
et al., 2011], daily rainfall, and antecedent rainfall index [Monsieurs et al., 2019]. Rainfall
thresholds for debris flows are typically derived from rainfall gauge observations.

In the Chitral region, rainfall-induced debris flows are a persistent hazard due to a
combination of diverse conditioning factors, such as varying climates, complex terrains, and
active geological movements [Hag, 2007]. In this area, rainfall data from gauge stations serve
as the primary source for determining debris flow rainfall thresholds. Data on daily rainfall
from 33 weather monitoring stations, covering the period from 2014 to the present, are accessed
through the Aga Khan Agency for Habitat Regional office.

Study Area

Surrounded by some of the tallest and highly glaciated mountains, the Chitral District of
northern Pakistan lies in the eastern Hindu Kush Range. Geographically, it extends from
71°2> — 73°8’ E longitude to 35°3” — 36°9’ N latitude (Fig. 1). The district has an area of
15,000 km? and spans within an elevation range from 1000 m to 7700 m above sea level. A
common geomorphic feature of the Chitral region is valley facing slopes associated with high
relief Mountains, which merge into broad, relatively flat floodplains. At least a dozen human
casualties are associated with snow avalanches, floods and debris flows in the eastern Hindu
Kush every year [Khan et al., 2012].

The Yarkhoon Valley is possessed by three of most noteworthy mountain networks of
the earth. The Hindu Kush extend in the west, Hindu Raj go in the east and in the middle of is
the Shandhur Karakorum run. Brep is situated in the lower yarkhoon northern part of Chitral
District. The climate there is temperate. type with warm summer and very cold winter. Mean
summer temperature ranges from 22°C to 24 °C while winter temperature ranges from -4°C to
-6°C. Debris flow is the major and dominant hazard in the study area and the events in 2005,
2015 and 2022 damaged more than 100 households and washout major portion of the village.

Brief review of the problem

The problem under consideration revolves around the observed changes in rainfall
patterns over the last decades, coupled with an increase in the frequency and intensity of debris

512



CereBble NOTOKW: kKaTacTPOdbl, PUCK, NPOrHO3, 3aLuuTa
Tpyab! 7-1 koHpepeHuum (Kutai)

Debris Flows: Disasters, Risk, Forecast, Protection
Proceedings of the 7t conference (China)

flow events. Despite these significant shifts, there has been a notable absence of research
exploring the potential correlation between changing rainfall patterns and the intensification of
debris flow events. This research gap is concerning as it restricts our ability to understand and
mitigate the risks associated with these natural hazards effectively. Addressing this gap is
crucial for developing proactive measures to safeguard vulnerable communities and ecosystems
against the growing threats posed by changing environmental conditions.
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Fig. 13. The study area location map
Methods

The article employed several methodologies. Initially, rainfall and temperature data were
gathered from weather monitoring posts set up by the Aga Khan Agency for Habitat. This data
was then analyzed through the creation of various bar charts to observe changes in rainfall
intensity and temperature variation. Subsequently, a field visit was conducted in the study area
to develop risk reduction maps and verify changes in impact areas during the last three debris
flow events. GIS footprints were utilized to produce maps illustrating variations in debris flow
impact across the same three events.

Data

The data utilized in this study comprised three main sources:

1. Rainfall and temperature data: Data on rainfall intensity and temperature
variations were collected from weather monitoring posts (WMPs) deployed by the Aga Khan
Agency for Habitat within the study area. These records provided crucial information for
analyzing climatic patterns and their potential influence on debris flow occurrences.

2. Historical data of debris flow: Historical records detailing previous debris flow
events in the study area were compiled. Additionally, hazard and risk mapping data were
generated through field visits, enabling the identification and assessment of vulnerable areas
prone to debris flow hazards.

3. GIS footprints: Geographic Information System (GIS) footprints were utilized
to analyze and visualize the impact areas of debris flow during the three most recent events.
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This spatial data facilitated the creation of hazard and risk maps, offering insights into the extent
and severity of debris flow occurrences over time.

Analysis

The analysis conducted in this study sheds light on the relationship between decadal
rainfall variability and the intensity and frequency of debris flows in the Brep area of Chitral,
Pakistan. Three key findings emerged from the examination of temperature and rainfall data,
historical records, and impact area mapping:

temperature Variation: The bar graphs constructed to analyze temperature
variation over the years reveal a notable increase in temperatures from 2007 to
2023. In 2007, the temperature was recorded at less than 30 degrees Celsius,
which rose to 32 degrees Celsius in 2014 and further increased to 35 degrees
Celsius in 2023. This upward trend in temperatures suggests a potential warming
effect over the past decade;

rainfall Intensity Fluctuation: The analysis of rainfall data for the months of July
and August illustrates variability in precipitation levels over the years. In 2004,
rainfall measured 20 mm, which increased to 34 mm in 2007 and further rose to
38 mm in 2023. This fluctuation in rainfall intensity underscores the dynamic
nature of climatic patterns in the region;

historical Damage Assessment: Historical data collected during field visits
indicates a concerning trend of increasing damages caused by debris flow events
over time. The damages recorded in 2007 were relatively minimal compared to
those in 2014 and 2023, suggesting a progressive escalation in the severity of
debris flow impacts;

impact Area Mapping: The mapping of impact areas for the three events further
reinforces the escalating trend observed in historical data. In 2007,
approximately 2000 square meters were affected, whereas in 2014, the impacted
area expanded to 5000 square meters. By 2023, the impact area had significantly
increased to 8000 square meters, highlighting the growing magnitude of debris
flow occurrences.
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Fig. 14. Temperature and rainfall data: a — 2007 mean temperature and rain fall data variation; b — 2014
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field photograph of 2022 debris flow incident
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TEMPORAL COMPARISON OF DEBRIS FLOW HAZARD ON BREP
2007, 2014 & 2022
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Fig. 15. Comparison of debris flow intensity in last one decade
Conclusions

The study presents compelling evidence linking decadal rainfall variability to the
intensity and frequency of debris flows in the Brep area of Chitral, Pakistan. Through
meticulous analysis of temperature and rainfall data, historical records, and impact area
mapping, significant trends have emerged.

The observed rise in temperatures over the past decade, coupled with fluctuating rainfall
intensities, underscores the dynamic nature of climatic patterns in the region. Moreover, the
progressive escalation in damages caused by debris flow events, as evidenced by historical data
and impact area mapping, highlights the growing vulnerability of communities to these hazards.

These findings emphasize the urgent need for robust risk management strategies to
address the increasing risks posed by debris flows. By incorporating climate resilience
measures, enhancing early warning systems, and implementing sustainable land-use practices,
communities can better prepare for and mitigate the impacts of future debris flow events.

Ultimately, this study contributes valuable insights to the field of natural hazard
management, advocating for proactive measures to build resilience and safeguard lives and
livelihoods in hazard-prone regions like Brep, Chitral.
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