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Abstract

Rwenzori Mountain is located in western part of Uganda and has richness in biodiversity which include many natural habitats of endangered
species and unusual flora. On the mountains grows 278 species of woody plants, 81 % are endemic to East Africa. Natural hazards are becoming
frequent along the slopes and contribute to the decline in biodiversity. In order to ensure environmental safety, the places of natural disasters, their
causes and frequency should be set. This study is conducted for hazard registration and assessment the state of the environment along the Rwenzori
slopes in districts of Kabarole, Kasese and Bundibugyo within a period of February 2017 to March 2018. Geo-observers used smart phones to record
the coordinates where disasters occurred and they filled of close and open questionnaire with aid of KoBo application. Quantum GIS software was
used for analyzing and managing received geospatial information, as well as its visualization. SPSS software (version 16.0) was used to generate
descriptive statistics in frequency of disaster occurrence. Kasese slopes experienced 177 landslides, 29 windstorms 21 flash floods, 13 hailstorms,
1 earthquake, 6 lightening incidences and 14 occurrences of drought. While Kabarole slopes the least occurrences of disasters experienced. The most
frequent of the disasters on the slopes of Rwenzori were landslides — 214 incidents, then windstorms — 51 incidents and flash floods — 36 incidents.
Research shows that planting trees and shrubs can prevent or reduce the effects of several types of natural disasters. For develop natural protection
technology and reduce the effects of natural disasters in the future is necessary to study potential of Ficus, Albizia julibrissin, Markhamia lutea and
their characteristics such as growth rate and density of the root system and of the crowns, water absorption ability of the root system, mechanical

strength and elasticity of tree (for that to resist the storm wind), etc.

Keywords: landslides; droughts; flash flood; hazard registration; environmental safety; volcano.

1. Problem statement and analysis of the recent
researches and publications.

Rwenzori Mountain is located in western part of
Uganda and it is a global heritage and Ramsar site
because of its richness in biodiversity which include
many natural habitats of endangered species and
unusual flora [1]. On the mountains grows 278 species
of woody plants, 81 % are endemic to East Africa. In
additional to its biodiversity richness, Rwenzori
Mountain is watershed to most of the water resources
such as lakes Edward and George [2].

Rwenzori Mountains plays a significant in the
economy of the country with several activities taking
place such as tourism, agriculture and mining.
Rwenzori mountain area is one of the most disaster
prone areas in Uganda due to its mountainous nature of
the landscape, climate and human activities such as
farming, road construction, mining, deforestation
among others that contribute to various forms of
hazards within the mountain area [3]. Some destruction
of property, massive land degradation and loss of lives
has been reported to have occurred [4]. Nevertheless,
natural hazards are becoming frequent along the slopes.

Natural hazards lead to the decline in biodiversity
of area when habitats are destroyed. For instance

drought drying the grass and water source hence shortage
of food and water for wild and domestic animals.
Sometimes strong animals move long distances in search
for those necessities. Some weak animals end up dying in
the process. In plant community changes due to disasters,
leaving bear soil hence prone to soil (according to [5], that
41 to 60 percent of species can be lost due to disaster
occurrence so this calls for disaster management).

The cause of these natural disasters is human activity.
So, for example, flash floods were caused by diverging
the river course/path (river Nyamwamba) to build
hospital infrastructure during heavy rain season.
However the river recovered its natural path and this
contributed to the flood.

Landslides are triggered by loosening soil by
cultivation and road construction along the slopes. With
this in states of earthquake created lines of weakness to
enable landslides to occur [6].

Earthquakes are naturally occurring (tectonic
movements).  Windstorms,  hailstorms,  droughts,
lightening are highly associated with climate change
which was human induced [7] by destroying natural
vegetations, wetland degradation. These contribute to
environmental degradation reduce the effectiveness of
the capacity of ecosystem to mitigate natural disasters.
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That is why natural disasters are an increasingly
serious problem [7, 8]. Moreover, the situation is
complicated by the fact that extreme weather gets a
boost from climate change [7, 8].

Therefore, the aftermath of natural disasters must
be mitigated and their quantity should be reduced. This
means that in order to ensure environmental safety, the
places of natural disasters, their causes and frequency
should be set.

This study is conducted for hazard registration and
assessment the state of the environment along the
Rwenzori slopes in districts of Kabarole, Kasese and
Bundibugyo within a period of February 2017 to
March 2018.

ISSN 2522-1892

2. Statement of the problem and its solution.

2.1. Materials and method.

Mountain Rwenzori is block mountain (non-volcanic)
and one of the highest mountains in Africa, located in a
rift transfer zone within the Northern Western Branch of
East African Rift System in western Uganda (figure 1).
The Rwenzori span the equator along the border between
Uganda and the Democratic Republic of Congo, between
Lakes Edward and Albert in the western arm of the East
African Rift System. Have a total area of 3000 km? and a
maximum elevation of 5109 m as.l. The study was
conducted in the slopes of Rwenzori in districts of Kasese,
Kabarole and Bundibugyo where 20 disaster prone
parishes were selected.
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Figure 1 — Geographical area of the Rwenzori Mountains in Uganda, admin Boundary from [9]
and Elevation from NASA SRTM

Research design. When the disaster was detected
by an observer, then it was photographed and then
downloaded to the software. Geo-observers in selected
parishes in Kabarole, Kasese and Bundibugyo, used
smart phones to record the coordinates where disasters
occurred in and filled close and open end questionnaire
with aid of KoBo application. After filling the
questionnaire, the information was electronically
uploaded for disaster coordination office in Mountains
of the Moon University to access to do data analysis.

Rainfall data collection. Ten rainfall stations were
established along the slopes of Mount Rwenzori and
each station with automatic rain gauge as tipping
bucket. Tipping bucket rain gauge operates as: rain
drops fall into bucket then flow into spoon like
structures called tippers. The accumulation in tippers is
recorded to USB by sensors. The 10 rainfall stations
were located: Buhesi, and Kabonero in Kabarole
distict, Kasitu, Bundibugyo town council, Bukonzo and
Bubandi in Bundibugyo district, Mubuku, Bugoye,
Kilembe and Mahango in Kasese district.

Data analysis and interpretation. Quantum GIS
software was used for analyzing and managing received
geospatial information, as well as its visualization. SPSS
software (version 16.0) was used to generate descriptive
statistics in frequency of disaster occurrence. For rainfall
data was always downloaded from the USB using
software of Easy log every 3 months. The total amount
of rainfall in a month was obtained by adding amount
from all station in that month.

2.2. Results.

2.2.1. Spatial-temporal distribution of the hazards in
the Rwenzori mountain area. A spatial distribution of
different natural hazards in the Rwenzori Mountain area
was generated by Quantum Geographic Information
System (figure 2). Slopes in Kasese district were mostly
affected by landslides, flash floods, windstorms, drought,
lightening pest and diseases (table 1). While slopes in
Kabarole district were least affected by natural hazards,
Bundibugyo slopes were more affected (figure 2).
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NATURAL HAZARDS IN THE RWENZORI MOUNTAIN AREA
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Figure 2 — Map of Natural hazards distribution in the slopes of Rwenzori Mountain
in February 2017 to May 2018 aided by use of UBOS, 2014; NASA SRTM

Table 1 — Frequencies of various natural hazards in Kasese, Kabarole and Bundibugyo slopes

S Natural hazards and their frequencies in slopes
Dlsm?t n Earth- Flash Lethal
Rwenzori slopes | Landslides | Windstorm | Hailstorms Drought . .
quakes floods Lightening
Kasese 177 29 13 1 14 21 6
Kabarole 22 16 4 1 0 8 1
Bundibugyo 42 6 1 0 1 7 0
Total 241 51 18 2 15 36 7
2.2.2. Disaster frequencies along Rwenzori 2.3. Discussion.

Kasese, Kabarole and Bundibugyo slopes and effects
of natural hazards. Landslides were the most rampant
disaster in the Rwenzori slopes with 214 frequencies
followed by windstorms with 51 Frequencies then flash
floods with 36 frequencies and the least frequent
disaster was earthquake with 2 frequencies (figure 3).

Kasese slopes experienced high occurrences of
disasters i.e. 177 slides, 29 windstorms 21 flash floods,
13 hailstorms, 1 earthquakes , 6 lightening incidences
and 14 occurrences of drought (see table 1). While
Kabarole slopes experienced the least occurrences of
disasters with 22 landslides, 16 windstorms, 4 hail-
storms, 1 earthquake, 8 flash floods, 1 lightening
incidence and 0 occurrence of drought (see table 1).

Most destructive hazard was the landslide cracking
234 permanent houses, damaging 19 temporary houses,
95 plantations of food and 180 coffee plantations
(table 2). Then by hailstorms 18 houses, 50 plantations
of food crops and 18 coffee plantations was destroyed.
The least destructive hazard was earthquake with no
damage.

2.3.1. The most frequent natural disasters and
analysis of the possibility of reducing their quantity.
The most frequent danger is landslides: 177 frequencies
in Kasese slopes, 42 frequencies in Bundibugyo slopes
and 22 frequencies in Kabarole slopes with high damage
of 528 properties (see table 1). This can be attributed to
the interaction of natural factors such as prolonged heavy
rainfall, steep gradients with human activities i.e.
continuous cultivation, deforestation, poor construction
designs [4]. The spots of landslides include Kitholhu
with 110 landslides, followed by Kilembe with 42 land-
slides, then 20 landslides in Bukuku, 20 landslides in
Ndugutu and least landslides in Kyarumba 13. Though
tree planting has been implemented along the slopes of
Rwenzori by quantity of NGOs but local communities
were not involved in the implementation [4]. Therefore
little maintenance was given to trees so they experienced
poor growth to prevent landslides.

The maximum effectiveness of reducing quantity of
landslides will be achieved if the population moves from
dangerous areas and in these areas introduce a dense
planting of trees.
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Figure 3 — Frequencies (occurrences) of natural hazards in slopes of Rwenzori Mountain February 2017 to March 2018

Table 2 — Destructive effect of natural hazards along slopes of Rwenzori Mountain

Nature of disaster Property damaged Extent of damage Quantlga;:r\]/ggréroperty
Temporary houses Completely damaged 19 houses
Landslides Permanent houses Cracked 234 housps
Food crops Completely damaged 95 plantations
Coffee Partially damaged 180 plantations
Temporary house Completely damaged 11 houses
Windstorms Temporary house Partial damaged 21 houses
Food crops Completely damaged 37 plantations.
Coffee Partially damaged 6 plantations
Temporary houses Partially damaged 12 houses
Flash floods Permanent houses Partially damaged 5 houses
Permanent bridges Partially Destroyed 2 bridges
House roof Removed 18 roofs
Hailstorms Food crops Partially damaged 50 plantations
Coffee Partially damaged 18 plantations
Food crops Completely damaged 14 plantations
Drought Food crops Partially damaged 15 plantations
Coffee Partially damaged 4 plantations
Earthquake — — No damage

However, properly maintenance care must be given
for trees, until they are strong enough to have strong
roots restrain landslides. To restrain landslides can be
recommended tree species with strongest roots. At the
same time, commercial interest to these trees should be
low [10]. Since tree species of high commercial value
such as eucalyptus, pines after certain period will be
cut down for timber or firewood so at end, the purpose
is not fulfilled. Consequently, most appropriate to plant
Ficus, Albizia julibrissin, Markhamia lutea, which do
not used for firewood or building and it is of low
commercial as compared to pine trees.

2.3.2. Discussing the causes and solving problems
of flash floods, drought and storms. There is high
disaster occurrence during the months of heavy rainfall
i.e. May and October with high occurrence of flash
floods, landslides, storms (figure 4) because these
disasters are related to precipitation. As evidenced by
low disaster occurrence in dry seasons in months of
January, June and July. According to Tweheyo, 2017

(unpublished data) Rwenzori slopes received lowest
amount of rainfall of 203 mm in January 2016 and
highest amount in May of 1422.6 mm and 1440.4 mm in
October 2016. Though rainfall patterns normally behave
differently in different year, Tweheyo 2017 reported of
lowest amount of 188 mm in January 2015 and highest
amount in September 2015 of 2110.6 mm (table 3).

Flash floods were more frequent in Kasese slopes
because of several flooding spots along Rivers
Nyamwamba and Mubuku as earlier reported in paper [3,
11]. For the case of river Nyamwamba flooding is
attributed to diversion of the river course in the past to
create space for infrastructure construction in Kilembe
[12]. So river regain back its natural course of flow
during the heavy rains.

Forest fires is another factor contributing to flooding
where by destroys the vegetation that absorb water hence
[3] so there is need to construct flood defense structures
such as levees and reservoirs to prevent damage [13].
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Figure 4 — Disaster occurrence during 2017

Table 3 — Rainfall distribution along the slopes in years of 2015 and 2016
adopted from Tweheyo 2017 (unpublished data)

Tm?:;ﬁ:; fall Jan Feb Mar April May Jun Jul Aug Sept Oct Nov Dec
in 2015 188 405 952 1407.6 | 1359.6 | 12554 | 989.3 | 4965 | 21106 | 1737.6 | 1546.4 | 5758
in 2016 203.8 588 703.6 | 2409.4 | 14226 | 7776 | 700.6 984 | 13054 | 14404 | 1368.4 | 307.2
Kasese experiences higher temperatures than or reduce the effects of several types of natural disasters,
Kabarole and Bundibugyo slopes due to effect of because:
equator [14] and being located in lee ward side of the —the dense root system is capable of holding
mountain so this contributes the severity of droughts. landslides and absorb a significant amount of water in
Drought is very severe in the area in the months of the rainy season, and, consequently, reduce the
January, June and July [15] so people can establish likelihood of strong flooding;
reserves to collect rain water during the rain peak —the crown delays the wind and reduces its intensity,
season. This would address the drought associated which prevents the occurrence of windstorms.
problems for farmers. 4. Based on the foregoing, a promising scientific
Storms were not under influence of anthropogenic direction is the study for different plant species of its
factors [16] only solution is to prevent destructive potential and characteristics, such as:
effects of winds to reduce the wind intensity by — growth rate and density of the root system, as well
promoting tree planting [17, 18] since trees decline as growth rate and density of the crowns of a certain type
wind force. of tree species;
— water absorption ability of the root system;
Conclusion and recommendations. —mechanical strength and elasticity of tree species
1. Landslides, flash floods and windstorms manage- (for that to resist the storm wind), etc.
ment problems in Rwenzori region should be given top These studies will provide an opportunity to develop
priority to solve them. These disasters were the most natural protection technology and mitigate the effects of
frequent and caused a lot of damage of infrastructures natural disasters in the future.
and loss of lives in the region as reported in this study
and other studies in paper [3, 4, 11]. Acknowledgements.
2. Earthquakes were less frequent throughout 2017 Authors extend their sincere appreciations to VLIR
— 2018, but basing on the history, their destructive for financial support and recruiting Geo-observers in the
effects can greatly exceed the scale of the effects of Rwenzori Mountains. The authors are thankful to the
landslides and windstorms. Severe earthquakes Geo-observers for reporting events, Mountains of the
occurred in 1966 and 1994, causing a lot deaths and Moon University for the coordination of disaster project,
destruction [19]. This is a natural phenomenon that as well as the administrations of all other universities in
people are not able to control. However, people are which the authors of this paper work.
able to reduce the negative impact of secondary
hazards that arise from earthquakes, such as landslides Conflicts of interest.
and others. None of the authors have any potential conflicts of
3. Research shows that carrying out forestry interest associated with this present study.

activities such as planting trees and shrubs can prevent
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P. Karyry, b. P. Hamsexa, C. Ka6aceke, M. C. Kooiio, K. Ceka:xyro, K. Maprenc, JI. ’Kacooc, 7K. Maec, M. Kepsiin

BUBYEHHSI CTUXIMHUX JUX TA iXHBOI'O BIUIUBY HA CTAH HABKOJIAIIHBOI'O CEPEJOBHUIIA T'IPCHKOIO
PEI'1OHY PYBEH3O0PI

T'opa PyBeH3opi posramioBaHa B 3aXiJHi yacTMHi Yrawau i Bojojie OaratuM OiOpi3HOMAHITTSAM, Mae 0e3/iu NPUPOAHMX MiCIb MEIIKaHHS
3HUKAIOYMX BUIIB i He3BuuaiHOi uiopu. Ha ropax pocre 278 BUIIB JepeBHUX POCIHH, 3 sSkuX 81 % ennaemiunux s CxigHol Adpuku. IIpupoani
HeOE3MeKn CTaloTh BCe OLIBII YACTUMHU Y3[0BX CXWIIB 1 CIPUSIOTH CKOPOYEHHIO OiOpi3HOMaHITTA. 3 MeTolo 3a0e3ledeHHs EeKOJOTiYHOi Oe3neku
HEeOoOXiIHUM € BU3HAYEHHS MICIlb CTUXIHHMX JIUX, IPUYMH TX BAHUKHEHHS i yacTotH. Lle nocnijkeHHs Mae Ha MeTi peecTpalito HeOe3MeK i OLiHIOBaHHS
CTaHy HAaBKOJIMILIHBOTO CEPElOBUILA Y3/10BXK cXuiliB PyBeH3opi B paiionax Kabapone, Kacece # Bynnidyrio B nepioa 3 motoro 2017 poky mno 6epe3eHb
2018 poky. I'eorpadiuni cnocrepirayi BUKOPUCTOBYBAIM cMapT(OHM JUIsl 3aIMCY KOOPAMHAT, J¢ BinOy/ucs JmXa, 1 3alI0BHIOBAIM 3aKPHUTY 1 BIIKPHUTY
aHKery 3a fgornomoroto nonatky Kobo. IIporpamue 3a6e3neuenns Quantum GIS BUKOPUCTOBYBaIM ISl aHANI3y OAEPKAHOI I'eonpocTopoBoil iHdopmarii,
YIpaBIiHHA HEIO, a Takox Juis 11 Bizyamisauil. [Iporpamue 3a0e3neuenns SPSS (Bepcist 16.0) BUKOpHCTOBYBaJIM /I T€HEpaLil ONMUCOBOI CTATUCTUKH
4acTOTH BUHMKHEHHS cTuxiitnux mix. Cxumm Kacece mignamucs 177 3cyBam, 29 yparanam, 21 noBeHsM, 13 BUnaaKaM BUIAJaHHS rpafy, 1 semierpycy,
6 ynapam OnuckaBku i 14 Bumagkam nocyxu. Y Tod yac sk cxuun Kabapone mimanucs MeHIil KUTbKocTi CTUXIMHMX X, Haitoinpn yactumu 3 JIMX Ha
cxunax Pysensopi Oyiu 3cyBu — 214 Bunaakis, notiM Oypi — 51 Bumazsok it noeHi — 36 BunmazkiB. J[OCHipkeHHS MMOKa3ye, 10 HACAJKEHHS AepeB 1
YarapHUKIB MOKe 3a100irTd ab0 3MEHIINTH HACTIIKH AEKUIBKOX BUIB CTHXIHHUX JIMX. 1t pO3pOOKH MPUPOAHUX 3aXUCHUX TEXHOJOTIH W 3MEHIICHHS
HACIIIKIB CTUXIMHUX JIMX B MailOyTHbOMY HeoOXimHuM € BuBueHHs moTeHmiany Ficus, Albizia julibrissin, Markhamia lutea ta ixmix xapakTepucTHK,
TaKUX SK LIBUJKICTH POCTY M LIUIBHICTH KOPEHEBOI CUCTEMH 1 KPOHH, BOZOBOMPHA 3AATHICTH KOPEHEBOI CUCTEMHM, MEXaHIYHA MILHICTb 1 €aCTUYHICTD
JiepeBa (3 METOK HPOTUCTOSITH IITOPMOBOMY BIiTPY) TOLIO.

Ku11040Bi cJ10Ba: 3CyBH; IIOCYXH; PAITOBA OBIHb; peecTpallist HeOe3MeKu; eKoIoriuHa Oe3neKa; ByIKaH.
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P. Karyry, b. P. HamBexa, C. Kadaceke, M. C. Kooé, K. Cekaxyro, K. Maprenc, JI. 2Kacooc, 7K. Maec, M. Kepsiin

M3YYEHUE CTUXUMAHBIX BEACTBUI U UX BJIUAHUS HA COCTOSIHUE OKPYKAIOLIEN CPEJBI TOPHOI'O PETHOHA
PYBEH30PU

T'opa PyBeH30pu pacrionoxeHa B 3amajHOW YacTH YraHjabl U oOnamaer GoraThiM OHOpPa3HOOOpa3HeM, MMEET MHOMECTBO €CTECTBEHHBIX MECT
OOMTaHUS MCUYE3AIOIUX BUAOB U HEoObIMHOH ¢uiopsl. Ha ropax mpomspacraer 278 BUIOB IPEBECHBIX PACTEHHUM, U3 KOTOPHIX 81 % SHIEMHUYHBIX AL
Bocrounoit Adpuku. [IpupoaHbie OMaCHOCTH CTAHOBSTCS BCe O0Nee YacThIMU BJIOJIb CKJIOHOB U CIIOCOOCTBYIOT COKpAIICHHIO GHopa3Hoo0pasus. B memsix
o0ecIedeHNsT SKONOTUIecKoil 6e30MacHOCTH HEOOXOAUMO OIPENETIUTh MECTa CTHXUHWHBIX OeICTBHH, NPUYMHBI UX BO3HHKHOBEHHS U 4acCTOTy. JTO
HCCIIEIOBAHNE MPOBOJUTCS C LENbI0 PETHCTPallU ONAcHOCTEH M OLGHKH COCTOSHHUS OKPY)KAaloLleH cpelbl BIOJb CKIOHOB PyBeH30pH B pailioHax
Kabapore, Kacece n Bynanbyruo B nepuon ¢ ¢espaist 2017 roga mo mapt 2018 roxa. I'eorpaduueckue HabmoIaTe M UCONB30BAIA CMAPT(OHBI ISt
3aIUCH KOOPIMHAT, Iie MPOU30LLTN OSICTBHS, M 3alONHSUIM 3aKPBITYI0 M OTKPBITYIO aHKeTy 4epe3 npunoxenue Kobo. IIporpammuoe obecrnedenne
Quantum GIS ucnonb30BaIM Ui aHaaM3a MOJYYEHHOIH IeonpocTpaHCTBEHHOW MH(MOPMAILMU U YNpaBIEHHS €10, a TaKkKe U ee BU3yallM3allud.
ITporpammuoe obecrieuenue SPSS (Bepcust 16.0) mcronp3oBagu Ui IeHEpalUM OMUCATENbHOW CTATUCTHKM YacTOThl BO3HMKHOBEHMS CTHXMHHBIX
6encruit. Cxuionsl Kacece moaseprimes 177 omomsusam, 29 yparanam, 21 HaBopHeHuio, 13 ciywasm BbimazeHus rpaza, 1 3emnerpsicernto, 6 ynapam
MOJIHMM U 14 citydasm 3acyxu. B To Bpemst kak ckiioHsl Kabaposie moaBepriMch MEHbIIEMY KOJIMYECTBY CTUXMHHBIX OencrBuil. HanGonee yactbiMu 13
GezcTBHit Ha ckioHaX PyBeH3opu ObLIN omomsuu — 214 ciydaes, 3aTem Oypu — 51 ciydaii u HaBogHeHns — 36 ciydaes. MccnenoBanust MOKa3bBAIOT, YTO
HaCaXJACHUC uepeBbeB u KyCTapHHKOB MOXET l'lpe}lOTBpaTl/lTb W yMeHbLUl/ITb IMOCIICACTBUA HECKOJIBKHX BHI0B CTHXHﬁHb]X 66}10TB1/I17[. ﬂﬂﬂ pa3pa60'r1<14
€CTECTBEHHBIX 3aIMTHBIX TEXHOJIOTUH M YMEHbIICHHS TIOCIICACTBUI CTUXUIHBIX OeACTBUI B OyayiieM HeoOX0AMMO n3yunTh noteduuan Ficus, Albizia
julibrissin, Markhamia lutea u Mx XapakTepHCTHKH, Takie KakK CKOPOCTb pOCTa M IUIOTHOCTH KOPHEBOW CHCTEMbI H KPOHBI, BOJOIOIIIOLIAIOLIAs
CIOCOOHOCTh KOPHEBOMN CHCTEMBI, MEXaHHYECKAsi IPOYHOCTD U JIACTHYHOCTB JepeBa (C LENbio TPOTUBOCTOSTH INTOPMOBOMY BETPY) H T. 1.

KitioueBble cj10Ba: OMON3HY; 3aCyXHU; BHE3AIIHOE HABOIHEHHE; PErUCTPAIUsl OIACHOCTH; IKOJIOrHYecKask 6€30MacHOCTh; BYJIKaH.
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