Road-Related Flood Risk Disaster Zonification of the Territory of Namangan Region Using the Method of Supplementing Components
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Abstract: This article uses the geomorphological and hydrometeorological characteristics of the Namangan region, as well as archival data on flash floods from Uzgidromet, to zone Namangan region according to flood risk by using the method of interrelated component analysis (overlay) and determine the distribution of the Namangan region's highway network by district and region according to flood risk.
INTRODUCTION
In recent years, due to global climate change, humanity has faced many problems caused by unexpected natural disasters. It is no secret that the natural disaster occurring today in the mountainous and foothill regions of the Republic of Uzbekistan is mudflows. In order to develop measures against such natural disasters, the Resolution of the President of the Republic of Uzbekistan dated November 21, 2022 No. PP-585 "On measures to prevent emergencies related to floods, mudflows, avalanches and landslides, as well as to eliminate their consequences" was adopted. The resolution provides for targeted and systematic measures to ensure the safe passage of flood waters and mudflows, and to reduce the risk of avalanches and landslides. [1,2,3]
As a result of mudflows in various regions of our republic, as well as in the Namangan region, as a result of years of complete or partial damage to roads and other similar artificial structures, many socio-economic problems have arisen in the region [4,5,6]. One of the important tasks is the zoning of the region based on the risk of mudflows in the Namangan region in order to minimize the possible impact of mudflows on roads, bridges, and water-conducting structures, or, if possible, to completely eliminate the risk of impact [7,8,9,10]. Geomorphological features (relief, slope, soil layer, etc.) and hydrometeorological features (annual precipitation, mudflow basins, etc.) of the region were studied as factors influencing the formation of mudflows during regionalization work.
METODOLOGY OF ROAD-RELATED FLOOD DISASTER RISK ZONIFICATION
The superposition of several factors influencing the occurrence of mudflows determines the power of floods and their destructive nature. One of these factors is the orography of the flood-prone area, i.e., the relief and shape of the relief mainly reflect the slopes of the terrain, the degree of relief waviness, as well as the degree of surface erosion and cutting and fragmentation, etc., which directly or indirectly affects the formation of surface runoff, which is one of the necessary conditions for the destruction of mudflows caused by erosion of the earth's surface under the influence of floods and the destruction of roads.
The main part of the territory of the Namangan region is located on the right bank of the Syr Darya River, in the northwestern part of the Fergana Valley. The Earth's surface is mainly flat, surrounded in the north by a series of hills and the Chatkal and Kurama mountains. The relief of the region decreases from north to south and from east to west. This, in turn, means that the flow of small rivers and streams moves along this relief location. As shown in the second figure above, the lowest point of the region's territory is located at an altitude of 358 m above sea level, and the highest part is 3979 m above sea level. Also, the height is 350-800 m. Mountains and hills, narrow valleys, and oases were formed by the activity of large and small rivers and streams of the Quaternary geological period.
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c) Watershed areas
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d) Observed mudflow areas in 2017-2023



FIGURE 1. Data processing resalts. a) contours, b) slope, c) watershed areas, d) observed mudflow areas.

Using the QGIS-2.28.3 program, based on a layered map of the factors influencing mudflow formation and archival data of Uzhydromet, a map of the location of mudflows observed in the region in 2017-2023 was developed, and using the method of component analysis, a zoning map of the mudflow hazard of the Namangan region was developed.
Due to the increase in the vertical relief of the Namangan region, the amount of precipitation in the highlands will also increase. We can see that the amount of precipitation recorded in 2017-2023 in the Namangan region, shown in Figure 2, is clearly higher at the Kamchik observation station located on the Kamchik pass than at other observation stations of the region in Pap and Namangan.


FIGURE 2. Amount of precipitation observed in Namangan region in 2017-2023 (in months, mm)
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FIGURE 3. Map of mudflow hazard zoning of the Namangan region using the method of component analysis(superimposition)
RESEARCH RESULTS
Topographic and geomorphological factors are factors influencing the occurrence of mudflows and their impact on roads and other civilian facilities. It is necessary to take into account the geographical location of the regionalized territory, its relief and slope, mudflow basins, their area and slope, and the stability and infiltration properties of the soil and the amount of water lost in them. The topographic and geomorphological features of the area where mudflows may occur provide dynamic energy for mudflows, i.e., the speed of the mudflow, the type of solid phase in its composition, and the proportion of its composition.
As a result of studying and analyzing the above-mentioned geomorphological and hydrometeorological features of the Namangan region, maps were developed using the QGIS 2.28.3 program, and a zoning map of the Namangan region for mudflow hazard was developed using the method of component analysis for the effective design and operation of roads and artificial structures for the impact of mudflows on highways.
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FIGURE 4. Zoning map of the Namangan region based on the risk of mudflows

Figure is divided into four groups according to the danger of the impact of mudflows on highways;
1) low-risk areas - areas where the probability of mudflows occurring is rare, where mudflows do not pose a threat to transport communications, traffic intensity, and human life and health;
2) hazardous areas - areas where mudflows can pose a threat to the operational indicators of transport communications, as well as to human life and health;
3) medium-risk - areas where there is a possibility of mudflows and which can cause serious damage to the operational indicators of transport communications, as well as areas where there is a threat to human life and health;
4) high-risk - areas with a high probability of frequent mudflows and serious damage to transport communications, as well as a high risk to human life and health.



FIGURE 5. Distribution of motorways in areas zoned Namangan region by mudflow hazard

In the histogram of the distribution of roads by the territory of the region by the danger of mudflows, the largest share of roads passing through the territory of the region is located in mudflow-prone areas. There is a high probability that destructive damage from mudflows will be expected on the highways located in the region in the next 10-20 years. Considering that this causes significant economic and social problems, it is recommended to implement measures to protect highways and artificial structures from the effects of mudflows using the zoning map of the Namangan region for the risk of mudflows.
CONCLUSIONS
In this study, the 12.5 m resolution DEM data were used in the QGIS-2.28.3 to identify the regional debris flow susceptibility. The results were first validated using the actual disaster point data combined with remote sensing images, and then the regional disaster risk was further evaluated. The main conclusions reached are follows:
The formation of mudflows and their orographic features were determined. At the same time, it was established that 60% of the region's territory is up to 1000 m above sea level, 18% up to 2000 m, and 22% above 2000 m;
It was established that the amount of precipitation observed in the northwestern regions of the region is 1.5-3 times higher than in other regions;
From the northern regions of the large and high-water flood basins of the region, the confluence of the Syr Darya River into the south was observed;
It was established that destructive mudflows are observed in the southwestern part of the region and in the Kasansay mudflow basin;
It was established that in terms of the scale of damage and the level of danger of mudflows to transport communications, they are most often observed in the Pap district;
During the study, areas with a high impact of mudflows on highways in the Namangan region were identified;
A regionalization map of the Namangan region has been developed according to the degree of danger of mudflows to highways. The distribution of the road network by districts has been determined.
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Namangan FAMS	Yanvar	Fevral	Mart	Aprel	May	Iyun	Iyul	Avgust	Seniyabr	Oktiyabr	Noyabr	Dekabr	12.77	24.98	32.07	19.95	22.82	8.02	6.82	4.16	4.54	19.3	21.37	20.74	Pop MS	Yanvar	Fevral	Mart	Aprel	May	Iyun	Iyul	Avgust	Seniyabr	Oktiyabr	Noyabr	Dekabr	11.08	21.83	30.97	17.059999999999999	15.12	12.51	5.74	3.68	3.45	14.98	18.3	17.38	Qamchiq MS	Yanvar	Fevral	Mart	Aprel	May	Iyun	Iyul	Avgust	Seniyabr	Oktiyabr	Noyabr	Dekabr	69	73.88	92.63	82	71.37	38.83	21.9	15.36	16.68	54.23	77.47	73.03	



International roads length, km	
Low	Medium	High	Very high	30	0	37.5	State importance roads length, km	
Low	Medium	High	Very high	170	441	211	204	Province importance length, km	
Low	Medium	High	Very high	375	1465	322	98	Local roads length, km	
Low	Medium	High	Very high	2310	5554	1320	1450	Areas with mudflow hazards


Motorway length, km




image5.png
# Nomsiz - Paint

Fayl Tahrirlash Ko'rib chigish

®
\5
ol
©
&

— |t e 2 o A \Nwvodosa . OOOOOOOOOO
& = NOOODaD = @ O ¢
com < (e] » ° o+%x%000 av - O 0000000000 -
Tanlash Tasvir Vositalar Mo'yqalamlar - Shakllar Ranglar Copilot  Qatlamlar
Zoning map of the Namangan region
based on the risk of mudflows
Map of observed mudflows
=
Highway network
Waterways
Watershed areas
Annual precipitation
o Sl o
A ope
I .
Relief
£
Map of Namangan M 1:2000
[N 3 423 x 589pks [ 995 x 886pks © 100% v Q =0 [}

| 1:2000 AT @ ARG a0 50
[ i




image6.png
Legends
373 Highway
Waterways

State importance roads
District boundaries
Mudflow hazards

Low

Medium

High

Very high





image1.png




image2.png




image3.png




image4.png
@ *aDissertation — QGIS. = o X
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help

NeBERRY NP QL Ba O K-8-R-5 @ E# T
LAY ] v - - =g m gy AR 2Q
HELLREH-© .3 H-+ witHoesgAND

~m- P

Browser . El oo e e e i e 1more @~ P:Ci“'gg Tool... 8®
QRYTo 2 ® 2 B »
¢ ravortes . y‘/ I Erwa
» ") Spatial Bookmarks xopyzy » (O Recently used
» [% Project Home ‘@ Cartography
» [&] Home ,,‘/v' @ Database
» [ G\ (Windows 11) Q@ File tools
» [] DA (Data) Q GPS
@ GeoPackage @ Interpolation
4 Spatialite @ Layer tools
PostgresQL Q Mesh
SAP HANA @ Network an...
Q Plots

W Ms s Server =
q > \ @ Raster analy.
N @ Raster creat.
@ Raster terrai...
@ Raster tools

@ Vector analy.

Layers a®
YBRTE-R R »
» o Clipped &) [~

“Kosoisoy
o

[=EN < 5'rg'on
J r:s S'Smffo i @ Vector creat.
5 M 2. - 0. (y» “Uchgolrg'on @ Vector gene.
F \ 2
vl 15'g 9y o @ Vector ge
vl o4 @ Vector overl.
oy Q@ Vector selec.

@ Vector table

Namangan

] uab.admbnde.ad o 3 by
— O'zbekiston_Resp| / i GDAL
— O'zbekiston_Resp) @ GRASS
— Kichik daryo va's|  Lat Lontools
» Namangan sellar ) & SAGA
= daryolar o o=————Angdifon:Viloy
— 373vX © e e 7 /n“m!n“‘/shahrwlygn
— 373x ® . o
— 373K ® : ALt saka You can add more
— A373 avtomobil | $ - o
—may @ f_/ oo - toolbos,
[Q 1ype o locte (crive) B oorinoie| 41,450 72,3750 | Scole 1405313~ | (@ wogniter| 100% |2 rotton [00° || (V] Render @evsciams @
— 1838
H T e =] ARG B OB s





