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Analyze landslide risk for the Thao river catchment using main impact factors
Abstract: Landslides in the river basins cause immeasurable damage to
human social economic and environmental of downstream area.
Therefore, it is necessary to study and analyze the factors that affect the
landslide in order to propose measures to avoid, minimize damage and
quickly surmount the consequences after a landslide accident occurred. In
this research, nine main factors including slope, elevation, extreme
precipitation of rain, geology, weathering crust, fault density, forest cover,
horizontal and deep dissection were studied and analyzed to develop a
landslide susceptibility map of the Thao River basin based on recorded
landslide locations. The results have shown the landslide susceptibility
map is very useful for visual analysis, warning, and prevention of potential

landslides in the future for the study area.
Keywords: Landslide, Thao river catchment, landslide susceptibility map.

1. PAT VAN PE

Nam trong ving nhiét d6i gi6 mua, luong
mua lon va cé su phan hoa theo mua rd rét, Vigt
Nam chju anh hudng dang ké cua cac tham hoa
dia chat noi chung va truot 16 dat noi riéng [1-
4]. Vi truot 16 c¢6 tinh chat bat thuong, dién ra
rat nhanh va kho du bao, canh bao. Do d6, hang
nam c6 rat nhidu vu truot 10 dit xay ra giy
thwong vong va thiét hai 16n trén khip ca nudc.
Tinh hinh mua 1ii bat thudng trong nhitng nim
gan day khién thién tai n6i chung va truot 16 noi
riéng ngay cang gia tang va khdc liét hon, gay
ra thi¢t hai nang né vé tinh mang va tai san.
Theo thng ké ctia Téng cuc Phong chdng thién
tai, BO Nong nghiép va Phat trién nong
thdn, nam 2017 1i quét, sat 1o dat lam 71 nguoi
chét va mét tich; nam 2018 1a 82 ngudi va trong

Truwong dai hoc Thuy loi, Ha Noi
* Vién Khoa hoc Dia chdt va Khoang san, Ha Noi
" Céng ty TNHH MTV Tai nguyén & Moi truong
Viét Nam, Ha Noi

nim 2019 1a 34 nguoi. Tt dau nam 2020 dén
ngay 01/11, riéng i quét, sat 1o dat da lam chét
va mat tich 129 ngudi. Thiét hai kinh té do sat
16 dat truc tiép va gian tiép giy ra chi riéng
trong ndm 2020 udc tinh 1én dén hon 21 nghin
ty dong [5].

Do thoi quen, tdp quéan sinh séng cta dong
bao khu vyc mién ndi thuong tap trung ven bo
song, bo sudi, suon ddi nén sat 16 dat trong luu
v cac song sudi 16n trg thanh mot trong nhimng
thién tai nguy hiém nhat de doa truc tiép sinh
mang ctia nguoi dan. D3 c6 rat nhiéu nghién ctru
vé truot 16 thuc hién trén hau khip tinh thanh
mién nai phia Béc va Béc Trung B6 [1-4, 6-9],
tuy nhién chua c6 nhiing nghién ctru phan vung
va canh bao cac vung c6 nguy co cao khi c6 tinh
hudng mwa cuc doan ciing nhu chua co nhiing
nghién ctru riéng dbi véi timg Iuu vire song.

Truot 16 dat 1a mot qua trinh phirc tap va la
ham s cua nhiéu yéu t6. Nghién ctru truot 1o
dét c6 nhiéu cach tiép can khac nhau. Hién nay,
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c6 thé chia ra 3 céach tiép can chinh nhim danh
gia tinh nhay cam cua truot 1o dat Ia thuc
nghiém, thong ké va vat 1y [9, 10], tuy nhién
van chua c6 phuong phap cu thé nao duge cong
nhan 1a phuong phap tiéu chuan [7]. Viéc luya
chon phuong phép phu hop tuy thude vao muc
dich 1ap ban d0, ty 18 ban dd, va cac dir liéu dau
vao hién c6 cua khu vuc khao sat.

Trong nghién ctru ndy nhom tac gia su dung
phuong phap thong ké véi co so dua trén
nguyén tic cac vu trugt 16 dat trong qua khir va
hién tai 14 co sé doan nhan nguy co trugt 1o dat
trong tuong lai [11] dé phén tich, danh gia nguy
co truot 16 cia luu vyc song Thao. Céac ban dd
nguy co truot 16 dat dwoc thanh 1ap theo 9 tac
nhan chinh ctia qua trinh truot 1o 1a d cao va do
dbc dia hinh, dic diém dia chat, vo phong hoa,
mat do dat gdy, phan cit ngang va phan cit sau,
d6 che phu rirng, luong mua cuc dai két hop véi
ban d6 hién trang truot 16 ¢6 ¥ nghia nhu cong
cu canh bio ban dau vé nguy co xay ra tai bién
truot 16 & cac khu vuc c6 diéu kién tu nhién,
moi truong twong dong véi nhitng vi tri da timg
ghi nhan truot 16. Trén co s& d6, chinh quyén va
ngudi din c6 thé chuin bi cac bién phap phong
ngtra, ung phé phu hop.

2. KHU VU'C NGHIEN CUU

Song Thao duoc coi 1a dong chinh ctia song
Hong, bat ngudn tir hd Pai Ly & dd cao gan
2000 m trén dinh Nguy Son thudc tinh Van
Nam - Trung Qudc, chdy theo hudéng Tay bic -
Pong nam, qua tinh Van Nam rdi d6 vao nudc
ta tai vung bién gidi Viét Trung thudc huyén
Bat Xat tinh Lao Cai, tiép tuc chay qua Lao Cai,
Yén Bai, Phu Tho theo huéng Pong Bic — Tay
Nam véi chiéu dai hon 900 km. Téi day, song
Thao hop luu véi song Da, song Lo thanh dong
song Hong chay vé xudi. Phan dién tich luu vuc
song Thao trén lanh thd nudce ta Ia trén 12,000
km? chiém khoang 14% téng dién tich luu vuec,
chu yéu thudc dia phan 2 tinh Lao Cai va Yén
Béi (Hinh 1). Su gia ting cac tac hai do tai bién
dia chét xay ra trong luu vuc trong thoi gian gan

day nhan dugc sy quan tdm hang dau cua cac
nha nghién ctru.

3. DU LIEU VA PHUONG PHAP

Dir liéu dau vao sir dung trong mo hinh phan
tich 1a cac ban d6 chuyén dé bao gdom:

— Ban d6 hién trang truot 16 luu vyuc séng
Thao (Hinh 1) bao gdm 2800 vi tri truot 6 ghi
nhan thong qua khao sat thuc dia, thu thap tu
cac nghién curu da thyc hién [1, 2, 7, 8].

— Ban d6 kich ban mua cuc doan trong 7
ngay dua trén moé hinh WRF véi dit liéu mua do
phan giai cao ERA-20C [12] (hinh 2a);

— Ban d6 dia chét ty 1¢ 1:200,000 do Tong
cuc Dia chat xuit ban nim 2005;

— Ban d6 dia hinh ty 1& 1:50,000 do Tong
cuc Dia chinh ban hanh nam 2000;

— Ban d6 1am nghiép duoc tai vé tir trang
http://maps.vnforest.gov.vn/vn;

Scale: 1: 1.000.000

Hinh 1. Luu viee song Thao trong dia phdn
nudc ta va cac diém truot 16 da ghi nhan

Tt ban dd dia chat tién hanh thanh 1ap 3 loai
ban d6 tac nhan dia chit cong trinh, vo phong
hoa, mat do dut giy. Ban d6 dia hinh dugc st
dung dé thanh lap 4 ban do tac nhan gdm ban d6
d6 cao, do ddc, phan cat ngang va phén cat sau.
Ban dd tac nhan “sir dung dat” dugc thanh lap
tir ban d6 1am nghiép theo cac ddi tuong thuc
vat che phu trén dit. Mdi loai ban dd tac nhan
dugc phan thanh nhiéu cip dua theo khoang gia
tri bién dong hodc cac nhom ddi tuong c6 cung
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tinh chat trén ban do. Sau do, ban dd nguy co
trugt 16 theo mdi tac nhan dugc thanh lap bang
cach td hop ban dd hién trang trugt 16 va ban dd
tac nhan trong moi truong GIS (hinh 2b, hinh
3a-h). S6 lidu théng ké sb lwong diém truot,
dién tich va mat do diém theo tirng phan cép cua
ban d6 tac nhan duoc thé hién trong bang 1.
4. KET QUA

BAN DO KICH BAN MUA CUC DAI 7 NGAY LUU VUC SONG THAO

A

Ty 16: 1:1.000.000
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Con s6 théng ké vé sb lugng diém truot trong
mdi phan muc va dién tich twong ung, ciing nhu
ty 1¢ diém truot, ty 1¢ dién tich trong Bang 1 cung
cap mot cai nhin toan canh vé hién trang truot 16 &
luu vuc séng Thao phan lanh thd Viét Nam. Nguy
co truot 1& clia cac phan murc trong mdi tic nhan
duogc danh gia thong qua mat do truot 1o, xac dinh
bang sb lugng diém truot trén dién tich 1,0 km?.

BAN DO NGUY CO TRUQT LO THEO
TAC NHAN MU'A CUC DAI 7 NGAY LUU VU'C SONG THAO

Ty 16:1:1.000.000

>z

@

(b)

Hinh 2. Ban dé mua cuwc doan 7 ngay (a) va nguy co trueot 16 theo tdc nhan miea (b)

BAN DO NGUY CO TRUQT LO'
THEO TAC NHAN DIA CHAT LUU VU'C SONG THAO

Ty 1é: 1:1.000.000

>z

BAN DO NGUY CO TRUQT LO
THEO TAC NHAN VO PHONG HOA LUU VU'C SONG THAO

Ty 1&: 1:1.000.000

>z

Hinh 3. Bdn dé nguy co triet 16 lwu viee séng Thao theo tac nhéin dia chat (a) va vé phong hod (b)
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BAN DO NGUY CO TRUQT LG BAN DO NGUY CO TRUQT LO'
THEO TAC NHAN MAT DO BUT GAY LUU VIPC SONG THAO ) THEO TAC NHAN DO CAO LUU VI'C SONG THAO
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Hinh 3. Bdn do nguy co trieot 16 lwu viee séng Thao theo tdc nhdn mdt d dirt gay
(¢c), d6 cao (d), dé doc (e) va phdn cdt ngang (f)
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BAN DO NGUY CO TRUQT LO ‘ ‘ BAN DO NGUY CO TRllPQT Lo
THEO TAC NHAN PHAN CAT SAU LUU VUC SONG THAO . THEO TAC NHAN SU? DUNG DAT LUU VIYC SONG THAO

Ty lé: 1:1.000.000

Ty 1¢: 1:1.000.000 N

>z

(9) (h)
Hinh 3. Bdn dé nguy co trueot 16 leu viee séng Thao
theo téc nhén phdn cdt séu () va thiee phii (h)

Bing 1. Thong ké két qua trén cac ban dd nguy co truot 16
cia luu vuc song Thao theo 9 tac nhan

Ban d6 . S6 diém . Dién tich Ty 1é Mat dé
3 . Phan cap Ty 1€ ) ] 2
tdc nhan truot km dién tich | diém truwot
<220 699 24,96% 1957,391 19,76% 0,358
220-340 726 25,93% 2026,770 20,46% 0,359
Muwa 7 ngay |340-460 868 31,00% 3585,146 36,20% 0,243
460-580 450 16,07% 1815,817 18,33% 0,248
> 580 57 2,04% 519,107 5,24% 0,110
Lién két cung xen
. o 1201 42,89% 4026,598 40,66% 0,299
Dia chit khong co lién ket ciing
cong trinh Khéng c6 lién két cting 1134 40,50% 3520,699 35,55% 0,323
C6 lién két cling 465 16,61% 2356,934 23,80% 0,198
Nui da voi 101 3,61% 252,325 2,55% 0,401
V6 phong hod | Ferosialit 1493 53,32% 4969,893 50,18% 0,301
Saprolit 136 4,86% 538,356 5,44% 0,253
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Ban do Phin S6 diém —_— Dién tich Ty 1é Mat do
an ca (3 2
tadc nhan P trugt v km? dién tich | diém truot
Sialferit 998|  35,64% 3722,831| 37,59% 0,269
Sialit 142 5,07% 538,259 5,43% 0,264
Céc loai khac 31 1,11% 134,892 1,36% 0,230
RAt thip 594 21,21% 2063,067| 20,83% 0,288
Thép 954|  34,07% 3157,388|  31,88% 0,303
Mgt dp .
Trung binh 615| 21,96% 2599,559|  26,25% 0,237
dut gay
Cao 358 12,79% 1473,119| 14,87% 0,244
RAt cao 279 9,96% 611,096 6,17% 0,457
<200 717 25,61% 1786,964|  18,04% 0,402
200 - 600 794  28,36% 2462,071| 24,86% 0,323
Dé cao 600 - 1200 933|  33,32% 3023,749|  30,53% 0,309
1200 - 1800 325 11,61% 1876,299|  18,94% 0,174
> 1800 31 1,11% 755,147 7,62% 0,042
<3 38 1,36% 509,220 5,14% 0,075
3-8 263 9,39% 602,643 6,08% 0,437
] 8-15 799|  28,54% 1431,620| 14,45% 0,559
Dé déc
15 - 25 494 17,64% 3311,700|  33,44% 0,150
25 - 40 1096|  39,14% 3378,957| 34,12% 0,325
> 40 9 0,32% 417,766 4,22% 0,022
< 0,5 km/km? 21 0,75% 112,442 1,14% 0,187
0,5 - 1,55 km/km? 807 28,82% 2750,899|  27,77% 0,294
Phan
) 1,5 - 2,55 km/km? 1360|  48,57% 5166,830| 52,17% 0,264
cat ngang
2.5 - 3,55 km/km? 557 19,89% 1701,916| 17,18% 0,328
> 3,55 km/km? 55 1,96% 172,144 1,74% 0,320
< 500 m/km? 21 0,75% 1060,032|  10,70% 0,020
500 — 900 m/km? 253 9,04% 2567,263|  25,92% 0,099
Phén cit sau 900 — 1500 m/km? 998|  35,64% 3359,913|  33,92% 0,298
1500 — 1900 m/km? 718|  25,64% 2418,153|  24,42% 0,297
> 1900 m/km? 810| 28,93% 498,870 5,04% 1,624
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Ban do 4 S6 diém . Dién tich Ty 1é Mat do
i . Phan cap Ty 1€ ) 2
tac nhan truot km dién tich | diém truot
Rimg gb ¢6 trir luong 187 6,68% 1945,344|  19,64% 0,097
Rimg gb chua c6 trit hrong 104 3,71% 552,902 5,58% 0,189
Rimg tre nira 93 3,32% 411,655 4,16% 0,226
Rimg hdn giao 19 0,68% 176,473 1,78% 0,108
. |Rung 14 kim 288|  10,29% 649,599 6,56% 0,444
Swr dung dat -
Rimng trong 1011  36,11% 3597,488|  36,32% 0,282
NUi da 37 1,32% 290,783 2,94% 0,128
Pat tréng 995|  35,54% 2200,556|  22,22% 0,453
Dat nong nghiép va
, 43 1,54% 79,430 0,80% 0,542
dat khac

Vi tac nhan kich ban mua cuc doan 7 ngay,
mat do truot 16 & vung mua trén 580 mm lai cé
gi4 tri nho nhét, trong khi d6 ving mua dudi
340 mm c6 mat do truot 16 cao nhat. Ddi chiéu
v6i ban d6 sir dung dat, ving mua trén 580 mm
c6 dién tich nhd, roi vao khu vuc c6 16p phu
thuc vat 1a ring gd chua c6 trir luong va rung
tre nira. D6 1a vang trong nhitng loai thuc vat
c6 kha ning gitr nude tt, chen chin diéu hoa
khong cho nuéc mua thim nhanh vao dat,
ddng thoi co tac dung gia cd dat bang hé théng
r& cdy. Con ving mua dudi 340 mm chiém hon
40% dién tich khu vyc nghién ctru nhung chu
yéu 1a rung trong va dat tréng, dit nong
nghi¢p. Tham thuc vat & nhiing khu vuc nhu
thé nay da bi pha huy nhiéu so véi trang thai tu
nhién nén c6 nguy co trugt 16 cao.

V6i tac nhan st dung dat, dat nong nghiép
va dat khac chiém dién tich rat nho nhung lai
c6 mat do truot 16 cao nhat. Vung dat tréng va
rimg 14 kim chiém hon % tong dién tich toan
luu vuc c6 mat do truot 16 & mirc cao. Rung g5
c6 trit lwgng, rimg hdn giao va nlii d4 1a nhiing
khu vuc c6 mat do truot 1o rat tha‘ip do nhiing
nguyén nhan di dé cap o trén.

V6i tac nhan dia chat cong trinh, mat do
diém truot ¢ cac phan cép lién két khong qua
chénh 1€ch, trong dé loai khong cé lién két
cung chiém hon 40% dién tich toan luu vuc
va cling c6 mat do truot 10 1on nhit nén nguy
co truot 10 cao nhat. Loai c6 lién két cung
chiém chua dén % téng dién tich khu vuc, c6
nguy co thap nhit do c6 mat do diém truot
nho nhat.

Véi tac nhan vo phong hod, hién tuong
truot 16 xay ra manh nhit & khu vuc nui da
vOi, giam nhe ¢ loai vat li€u Ferosialit va
thap nhit kha twong dong & cac loai Saprolit,
Sialferit, Sialit va loai khac. Tuy nhién vung
nii da voi cod ty trong nhod, con Ferosialit
chiém trén 50% dién tich toan luu vuc va
cling 1a noi xdy ra trén 50% sd hién tugng
truot 16 cia toan khu vue.

Vi tac nhan mat d§ dat gay, khu vuc cé
mat do dut gdy rat cao ciing 1a noi ghi nhan c6
hién tugng truot 16 xay ra day dac nhat, roi dén
khu vuc c6 mat do dut gay thép hon. Cac khu
vuc con lai hién tugng truot 16 xay ra thap nhat
nhung tuong duong véi mic do trung binh khi
so sanh véi cac tac nhan khac.
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V6i tac nhan d6 phan cat ngang, hién tuong
truot 10 xay ra it nhit & khu vuc dudi
0,5km/km?, ting nhe ¢ ving t 0,5 + 2,5
km/km? va day dic nhét ¢ khu vyc trén 2,5
km/km?. Thue té hién tugng truot 10 xay ra chu
yéu ¢ noi c6 do phan cit ngang 0,5 + 2,5
km/km?, chiém trén 2/3 s6 luong diém truot va
gan 80% dién tich toan luu vuc.

Véi do phan cat sau, hién tugng trugt 1o
ting dan ty 18 thudn voi gia tri phan cit dia
hinh. Hién tugng truot 16 xay ra khong dang ké
& khu vue dudi 500m/km? ting nhe ¢ khu vuc
tir 500 + 900m/km?. Mat do trugt 16 & cp do
trung binh x4y ra tai khu vuc to 900 +
1900m/km?, chiém hon 60% tong s6 diém trugt
va 58% tong dién tich toan luu vuc. Hién tugng
truot 10 day ddc nhat dién ra tai ving trén
1900m/km’ do dién tich rat nho chi 5% hru vuc
nhung lai ghi nhan dén gan 30% sb luong diém
truot 10.

Véi tac nhan d6 cao, cép do truot 1o dat
giam dan ty 1€ nghich v61 dd cao dia hinh. Hi¢n
tuong truot 1o xay ra manh nhét & d6 cao dudi
200m véi trén % tong sb diém truot & 18% dién
tich toan luu vye. Tir d6 cao 200m dén 1200 m
hién tuong truot 16 c¢6 giam nhung van & muc
cao vGi gan 2/3 tong sb diém truot 10 trén 55%
dién tich toan luu vuc. Khu vuc tir d0 cao
1200m dén 1800m xay ra truot 16 yéu, con
vung trén 1800m hién tugng truot 10 xdy ra rat
yéu. Pdi chiéu véi ban d6 d6 dbc dia hinh thi
thiy nhirng khu vuc c6 d6 cao tir 200 + 1200m
c6 do ddc dia hinh & muc trung binh va murc
cao la noi c6 mat do truot 1& 16n. Con nhiing
khu vuc rat cao lai c6 do ddc nho, la nhiing
ngon nuii suon thodi va dinh kha bang phang.

V6i tac nhan do dbc, thong ké cho thdy khu
vuc do dbc rdt nho va rat 16n co dién tich
khong dang ké, hién tuong truot 1o xay ra rat it.
Truot 16 xay ra chu yéu, tap trung ¢ khu vuc co

d6 ddc thap tir 3 + 15% chiém gan 1/2 dién tich
toan luu vuc voi trén 1/3 tong sé diém truot.
Khu vuc ¢6 do doc tir 25 + 40% mat do diém
trugt thap hon nhung van & muc kha cao.

5. KET LUAN

Céc ban dd tac nhan trugt 16 dat duge thanh
lap, théng ké va phan tich dwa trén phuong
phép dinh lugng trong moi trudong GIS giap
danh gia mirc do nhay cam cua truot 1 dat mot
cach truc quan hon, chinh xac hon. Cac ban do
nay cung cap thong tin vé mirc d6 nguy co xay
ra truot 16 dat tai mdi khu vuc trén co s& xem
xét ddy du 9 diéu kién kich hoat qua trinh trugt
16. Béng thoi, cac ban dd duoc sir dung lam co
s& khoa hoc dé tién hanh cac bién phap cong
trinh va phi cong trinh tai nhiing vi tri dugc
canh bao nham phong tranh truot 16 dat co thé
xay ra trong tuong lai.

Cac dia phuong c6 thé sir dung bo ban dd
nay lam co sé khoa hoc dé phuc vu quy hoach
phat trién kinh té - xd hoi bén vitng, quy hoach
sap xép lai dan cu cho cac dia phuong, dong
thoi, vin dam bao cho chinh quyén cac cip
tinh, huyén, xa va nhan dan dia phuong c6 thé
16ng ghép cac ké hoach va bién phap chu dong
phong, chdng va giam thiéu thiét hai do truot
16 dét gay ra.

6. LOI CAM ON

Nghién ctru nay thudc dé tai tiém ning cua
Bo Nong nghiép va Phat trién Nong thon theo
quyét dinh  4757/QDP-BNN-KHCN  ngay
12/12/2019 dugc thuc hién véi muc dich tng
dung kich ban mua cuc doan c6 do phan giai
cao dé thanh lap ban dd nhay cam truot 1& dat
nham phan ving va canh bio nguy co truot 16
trong luu vuc song Thao, Viét Nam. Xin tran
trong cam on su tai tro, hd tro cua Bo Nong
nghiép va Phat trién Nong thon va trudng dai
hoc Thuy Loi d6i voi nhom tac gia trong qua
trinh nghién ctru.
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