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TOM TAT

X6i mon dit 1a van dé nghiém trong anh huong dén kha ning san xuit cua dit, bdi tu phu sa trong cac luu vuc
va suy giam chét lwong nude. Phuong phap mé hinh hoa duoc cong nhan 1a rit wu viét dé udc tinh lvong dét bi
X6i mon xay ra theo thoi gian va khong gian. Nhitng mé hinh wdc tinh va mé phong luong dat bi x6i mon c6 su
khac biét 16n vé mirc d6 phtrc tap dir liéu dau vao, nguyén Iy mé phong, cac hién thi va quy mé cac dir liéu dau
ra. Puogc st dung rong rai nhét 1 mé hinh USLE va c6 stra d6i (M)USLE. Nhitng nam gan day, cac nghién ctiru
vé x6i mon dat trén thé gidi ngay cang hudng vé cac mo hinh qua trinh vat Iy (MMF, AGNPS, SWAT) va mo
hinh dong thai trén co so vat ly (CREAMS, EUROSEM, KINEROS, EPIC, WEEP) do nhitng mé hinh nay mo
phong chi tiét hon dién bién cua hién tuong x6i mon dat, nho do ¢6 thé udc tinh duge lugng dat xoi mon & cac
giai doan va quy mod 16n hon, dong thoi phan nao giai quyét nhitng kho khan trong qué trinh hiéu chinh va kiém
chimng trén thyc dia. Su phat trién cua cong nghé thong tin s€ tao ra xu huéng moi trong nghién clru x6i mon dat
v6i su két hop voi RS, GIS, dit liéu 16n vé tho nhudng, dia hinh, str dung dét va thoi tiét. Xu huéng nay giap xac
dinh chinh xac hon cac khu vuc c¢6 nguy co x6i mon, hd tro cac qua trinh ra quyét dinh vé chinh sach st dung
dat nham dat dugc nhiéu muyc tiéu vé phat trién bén virng.

Tir kh6a: md hinh, phwong trinh phé dung, tram tich, x6i mon do nwéc, x6i mon dat.

1. PAT VAN DE

X6i mon dat lién quan dén nhiéu qué trinh
nhung déu c6 chung mot két qua 13 cac hat dat
bi di chuyén tir noi nay va ling dong lai & mot
noi khac. Méc du xay ra rat ty nhién, x6i mon
dat thuong bi trAm trong hon do mot s6 hoat
dong cua con nguoi (Adornado & cs., 2009).
X6i mon dat co thé bi giy ra boi gié, nudc mua
va lién quan chit ché dén qua trinh di chuyén
ciia nudc (dong chay), cac dic tinh dat dai
(quyét dinh kha nang dé bj x6i mon cua dat), 16p
che pht bé mit va cac bién phap quan 1y (Aksoy
& Kavvas, 2005). Nguoi ta nhin thdy co su
khac bi¢t trong céc tai li¢u gitta cac nghién ctu
vé x6i mon do gi6 va nude & chau Au lién quan
dén mirc 6 chuyén sau, sé lugng cac 4n pham
dugc xuit ban va ca s6 luong cac thi nghiém
hién truong da va dang dién ra (Xiong & cs.,
2019). Hién nay, néu tim kiém trong Scopus
bang cach sir dung cum tir 'x6i mon va nudc' s&
cho 52.730 két qua, trong khi cum tir 'x6i mon
va gid' s& cho 9488 két qua. Nhing con sb nay
1a d4u hiéu chinh cho thiy trong nhiing thap ky
qua, ngudi ta di danh nhiéu sy quan tim hon
dén x6i mon do nudce, do d6 c6 1& s& cd nhiéu
nghién ctru, mé ta quy trinh va hiéu biét hon.

X0i mon do nudc dugc Bergsma & cs (1996)
dinh nghia “la mac d6 mat dat xay ra do nudc
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mua voi tac dong téng hop cua nhimg yéu tb
khac nhu khi hau, dia hinh, phau dién thd
nhudng, hinh thai st dung dat va tham thuc vat,
va ché d6 canh tac”. Theo Nearing & cs (1990)
thi tong lwong dat bi mat di vao mot thoi diém
nao d6 phu thudc vao phan bd cta hai nhom yéu
t chinh: kha nang chéng x6i mon cta tham thuc
vat va dat va phan bd theo thoi gian mura.

Quan 1y va hiéu 16 x6i mon dat va mbi lién
quan dén thoai hoa dt 1a van dé rat quan trong
vi nhitng tac dong ctia nd c6 thé gay ra nhiu
hau qua nghiém trong d6i véi doi séng loai
nguoi, bao gdm mat sy chat dinh dudng, phu sa
song va hd chira, suy thoai chét luong nude va
giam kha ning san xuét cua dat (Radmanesh &
Bagherzadeh, 2014). Pimentel & cs (1995) cho
biét, trung binh trén 1 ha trong vong 1 nim, xoi
mon da 1am mat 30 — 40 tan dat cho mdi khu
vuc chau A, Nam My va chau Phi trong khi con
s6 tuong tmg 13 17 tAn dat mét di ddi voi khu
vuc My va chdu Au. Viéc udc tinh phan bd
lwong dat bi x6i mon ¢ nhirng vi tri va theo thoi
gian khac nhau dwgc coi 1a rat quan trong dé xac
dinh dugc nhimg ving can ap dung cac bién
phap bao vé dit. Cac thi nghiém do dac hay
quan tric luong dat bi x6i mon trén cac vung
khac nhau doi hoi ton rat nhiéu cong strc va kinh
phi. Do vay, ta nhirmg nam 1930, tren thé g101
cac nha nghién ciru di phat trién rat nhidu
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phuong phap nham udc tinh lugng dat bi bao
mon va bi van chuyén trén nhiing thira rudng cé
d6 dbc va trén ca luu vuc song.

Viéc nghién ctru ly thuyét va thuc nghiém
danh gia cac bién phap cai tao dat chdng x6i
mon ciing nhu phat trién va tmg dung mé hinh
x61 mon dat 1a mot vin dé rat duoc quan tAm
sudt nhiéu thap ky qua. R4t nhiéu nghién ciru
tong quan trén thé gidi (Jetten & cs., 1999;
Nearing & cs, 2005; De Vente & Poesen, 2005)
da cho thdy tur nhitng nam 80 nguoi ta di st
dung rong rai nhimg mo hinh dong thai nham
khéc phuc nhimg nhugc diém cta phuong trinh
phé dung x6i mon dét (USLE).

O khu vuc Pong Nam A ciing da ¢6 mot s6
nghién ctru ing dung mo hinh, chang han Vién
nghién ctru rimg quéc té & Indonexia, ICRAF,
két hop voi Truong Twente, Ha lan da ap dung
mo hinh USLE, WEPP va GUEST tinh toan xoi
mon trén luu vye rong 730 km? ¢ Sumberjaya,
West-Lampung, Sumatra nhim so sanh tac
dong cua chuyén ddi s dung dét trr dit rimg
sang dat trong trot.

Tai Viét Nam, cac nha khoa hoc cling da tién
hanh nhiéu nghién ciru thyc nghiém va du bao

1200 7w ysi man do nudc

Xdi mon do gié
1000 + sy o s
m X6i mon do nuoc va gio

gog +  WXoi mon do lam dat

m Xoi mon do thu heach

Ung dung mé hinh héa

x6i mon dat tir nhimg nim 60 (Tran Duc Toan
& cs., 2004, Dung & cs., 2008, Ha & cs., 2013,
Thai Phién & cs., 2001, Vuong Van Quynh,
1999) va dang co6 xu huong tang 1én trong thoi
gian gan day, nhét 1a trong bdi canh hoi nhap,
c6 nhiéu du 4n hop tac nghién ciru va dao tao
voi nudce ngoai (Do Duy Phai, 2005; Tran Duc
Toan & cs 2004; Mai Van Trinh, 2007, Son &
Binh, 2020, Le Huong & Son, 2020, Ngo Thanh
Son & Tran Trong Phuong, 2021). C6 kha nhiéu
cac nghién ctru x61 mon st dung phuong trinh
phé dung (USLE) di duoc thyc hién ¢ Viét
Nam, dac biét & Tay nguyén do viéc khai thac
gd qua muc va du canh du cu, pha rung lam
nuong ray (Walsh & cs, 2006; Sidle & cs., 2006;
va Vezina & cs., 2006). Tuy vay trong nhiing
nim gin day chua c6 mot cong bd nao téng
quan cac phuong phap udc tinh va mo hinh xo6i
mon dét tai Viét Nam. Bai bao nay c6 muc dich
téng quan cac quan niém md hinh héa x6i mon
dat do nudc va gidi thidu nhimg phan mém mé
phong du bao x6i mon phd bién trén thé gisi
nhim cung cap théng tin, hd tro nhiing nha
nghién ctru ¢6 thé Iya chon mé hinh thich hop
trong nhitng nghién ciru vé x6i mon dat.

1994-1997  1998-2001 2002-2005 2006-2009 2010-2013  2014-2017

Hinh 1. Thong ké s6 lwong 4n phim nghién ctru tic nhin x6i mon trén thé gigi
(Nguon: Borrelli P. & cs, 2021)

2. NHUNG NGHIEN CUU VE MO HINH
XOI MON PAT TAI VIET NAM

2.1. Phén loai cic mé hinh x6i mon dat va
ung dung

M6 hinh c6 thé dugc phén loai theo nhiéu cach
khac nhau, tuy nhién, trong bai nay nhom tac gia
st dung cach phin loai cua Agarwal &
Procopiuc (2002). Nhing mé hinh hay cong
thire tinh toan co thé duoc phan loai thanh cac
moé hinh thuc nghiém (empirical/regression,

duoc thanh 1ap dua trén nhitng phan tich théng
ké twong quan) va cac mo hinh dong thai
(physical-based, trong d6 nhirng cong thirc toan
hoc trong mo hinh dugc thanh 14p trén co so su
dung dinh luat bao toan vét chat va nang luong).
Bén canh do, nhiéu phan mém mé hinh x6i mon
dat thudc loai két hop giita cong thuc thuc
nghiém va mo hinh dong thai (conceptual) ma o
day tam goi la mo hinh qua trinh.

2.1.1. Mo hinh thwc nghiém
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M6 hinh thyc nghiém dugc thanh 1ap trén co
s& nhitng quan tric, do dac, thi nghiém va phan
tich théng ké vé hién twong x6i mon dat. Hién
nay nguoi ta cho rang nhiing phan tich théng ké
twong quan nhu vdy khéng con thoa man dugc
nhu céu can hiéu 13 va giai thich cac hién tuong
tur nhién cua loai ngudi. Chang han, néu chia
qua trinh x6i mon dat trén mot swon dbc thanh
2 loai x6i mon, loai mot do dong chay tran trén
mit dat va loai hai do ranh x6i hay dong chay
tap trung, thi ta c6 thé hiéu rd, phan tich va giai
thich qua trinh t&t hon 1a viéc chi cong nhan mot
cong thirc thyc nghiém chung cho ca qua trinh
x0i mon do (Morgan & cs, 1998b).
2.1.1.1. Cong thirc USLE

Phwong trinh phé cdp hay tong hop x6i mon
dat (Universal Soil Loss Equation, USLE) la
mot mo hinh thyc nghiém don gian do Bo nong
nghiép My (USDA) phat trién va lién tuc cai
tién tir nhitng nam 1940 v&i myc dich udce tinh
lwong dat x6i mon cho ting 6 ruéng ma sau nay
duogc cai tién thanh cong thirc x6i mon tong hop
cai tién (RUSLE) va stra d6i (MUSLE). Nhim
tang do chinh xac cua cac udc lugng x6i mon
dat, cong thic MUSLE va RUSLE su dung
lugng dong chay mat thay cho cuong d6 mua va
yéu t6 x6i mon cua dit trong cong thirc USLE
cb dién.

Cong thuc USLE (Wischmeier & Smith,
1978) tinh toan luong dat E bj x6i mon hang
nim (tdn/ha/nim) nhu sau:

E=RxKXxLx§x(CxP

Trong do:

R ld yéu t6 x6i mon do mura;

K la yéu té sirc chong xdi mon ciia dat;

L la chiéu dai swon déc;

S la do doc;

C la yéu t6 canh tdc cdy trong;

P ld yéu t6 bién phdp chéng xdi mon.

Mo hinh dua theo nguyén 1y luong dét bi x6i
ty 1& thuan voi R, K, LS, C va P. Bén canh
nhitng uu diém nhu sy don gian va dé xac dinh
ctia cac thong sé dau vao (chu yéu gom luong
mua va thong tin dja hinh) khién cho USLE dé&
su dung, nhiéu nha khoa hoc da chi ra nhiing
nhuoc diém 16n cia phuong trinh nay, c6 thé ké

dén nhu sau: (1) Twong ty nhu hiu hét cac mo
hinh thuc nghiém, USLE khong &p dung véi cac
su kién cu thé ma chi cung cip udc tinh hang
nam vé lugng dat bi mét trong thoi gian dai vi
n6 bo qua cac dién bién qua trinh cia cac thong
s6 luong mua, dong chay va cach cac qué trinh
nay anh huong dén x6i mon, ciing nhu sy khong
ddng nhit trong cac yéu t6 dau vao nhu 16p phu
thue vat va loai dat (Merritt & cs, 2003; Morgan
& cs., 2008 va Boardman, 2006); (2) Khong nén
st dung dé uéc tinh luong tram tich tir cac luu
vuc thoat nudc hodac du doan dd x61 mon cua
ranh hodc bd sudi vi phuong trinh nay khong
wdc tinh duoc qué trinh trAm tich hay phan bd
vat liéu tram tich (Morgan & cs, 2008); (3)
Phuong trinh chi dwgc ap dung cho 6 thura ¢6 do
dbc nhé hon 7° va cho vung thdé nhudng cb
thanh phan montmorillonite thip (Boardman,
2006) va khong udc tinh dugc x61 mon ranh
nuée hodc kénh subi (Renard & Ferreira, 1993
va Renard & cs, 1994).

Do nhitng han ché ctia USLE nhiéu nha
nghién ctru dit va mo hinh da bat dau chu trong
phat trién mé hinh dong thai dé dy bao x6i mon
to nhitng nam 1985. Bo Nong nghiép My
(USDA) tién hanh mot chuong trinh 10 nim
nham phat trién mé hinh WEPP (Water Erosion
Prediction Project; Foster, 1990) — m6 hinh du
bao luwgng dat x6i mon dua trén dong thai qua
trinh thuy vin, bién dong can bang nudc hang
ngay, qua trinh phat trién cua tham thuc vat,
thay dbi thoi tiét va qua trinh lién két hay tach
r0i ciia cac hat dit. Trén co s& mé phong dong
thai cac qua trinh, nhiéu mo hinh da duoc phat
trién va ap dung co két qua tbt trén thé gisi, nhu
KINEROS2 (Kinematic Runoff and Erosion
Model, 1990), EPIC (Erosion Productivity
Impact Calculator, Williams, 1982), AGNPS
(Agricultural Non-Point  Source, 1989),
ANSWERS  (Areal Non-point  Source
Watershed Environment Simulation, 1977), mo
hinh CREAMS (Chemical, Runoff and Erosion
from Agricultural Management Systems, 1980).
Ngoai Hoa Ky, cling c¢6 nhiéu mé hinh dong thai
mo phong x6i mon dat ma trong d6 dang chi y
nhét 1a chuong trinh EUROSEM (The European
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Soil Erosion Model; 1998) ciia Hoi ddng Chung
Chau Au (EU) va md hinh GUEST (Griffith
University Erosion System Template; 1996) ¢
Australia.

2.1.1.2. Cong thurc RUSLE

Mo hinh USLE sau do da duoc USDA cai
tién bang cach xac dinh gia tri hé s6 K bién dong
theo mua va dua vao hé sé C chi tiét, phu thudc
vao loai hinh sir dung dét trudc d6, do 16m tan 14
cdy, mirc d6 che phu thuc vat va do nham bé mat
dat. Phuong trinh nay c6 tén goi 1a phuong trinh
téng hop x6i mon cai tién (RUSLE). USDA-
ARS (2010) dinh nghia RUSLE la mot phuong
phap tinh dua theo cac chi s trong d6 biéu thi
murc d6 anh hudng cua cac yéu t6 dén luong dat
bi x6i mon xay ra & phan dién tich suon déc nim
gitra cac khe x6i, do tac dong va dap khi roi cua
cac giot mua va cua dong chay tran trén mit dt,
qua d6 cho thdy x6i mon dat phu thudc vao (1)
tong lwong va cuong d6 mua roi va dong chay
tran, (2) kha ning cua loai hinh st dung dat
chéng lai tac dong cua mua va dong chay, (3)
kha niang chéng x6i cua dét (thé hién qua nhirng
tinh chit cua dat), va (4) dia hinh bé mat dat nhu
d6 ddc, chiéu dai va dang suon déc.

Trong RUSLE, tich sb cua hé sé mua (R) va
hé s6 khang x6i mon cua dét (K) thé hién luong
dat bi x6i mon ciia mot 6 ruong dudi diéu kién
tiéu chuén. Mot & rudng tiéu chuin c6 dang hinh
vudng voi chiéu dai canh 22,1 m, do dbc 9%,
khong co thuc vat che phu, va dugc 1am dat theo
mdt trinh tu chuin. Nhu vay, gia tri hé sb strc dé
khang x6i mon (K) cua dat hoan toan mang tinh
chét thuc nghiém (USDA-ARS, 2010). Hé s
che phu (C) biéu thi tac dong cua loai hinh st
dung dit 1én luong dat bi x6i mon va ¢ gia tri
bién dong theo tinh chat ctia 10p phu thyc vat,
hé thong lam dit va cac bién phap canh tac khac.
Nhu vay, phuong trinh RUSLE di tinh dén tac
dong cua cac bién phap canh tac chdng x6i mon
nhu trong hang ciy theo duong déng mtc, trong
theo dai xen k&, dic tinh 16i 16m cta dang suon
dbc, rudng bac thang, ciy trong xen k& bang co
hay hang rao thyc vat, pht rom ra ... nhdm lam
giam cuong d6 dong chay tran trén mat dét.

La mdt mo hinh thyc nghi¢m, RUSLE khong

tinh dén dong chay hodc cic qué trinh tach roi,
ling dong hodc van chuyén trim tich. Quinton
& Catt (2007) cho rang RUSLE tp trung vao
viéc xac dinh tdn that do x6i mon xdy ra tai cac
vung dat tréng cht khong duoc thiét ké cho cac
khu vuc rung tu nhién hodc céac loai x61 mon
khéac nhu x6i 16 bd sudi va ranh x6i. Uu diém
chinh ctia RUSLE so véi USLE 1a né c6 kha
nang wéc tinh hé sé C tir thong tin vé tham thuc
vat, hoat dong phan ra va lam dat thay vi tur dir
liu 0 thi nghiém nhu duoc st dung trong
USLE. Vi¢c sir dung hé s6 chiéu dai suon doc
trong RUSLE ciing cho phép du doan sy mit dat
do dong chay qua dit lién.
2.1.2. Mo6 hinh qua trinh vt ly
2.1.2.1. M6 hinh AGNPS

Mo hinh AGNPS xéc dinh 6 nhiém do ngudn
phan tan nong nghiép la mé hinh dwa trén
nguyén ly dong thai qua trinh vat ly x4y ra trong
mdt trin mua, duoc thiét ké dé mé phong qua
trinh tach roi va van chuyén dét bi x6i mon va
rira troi chét dinh dudng cho ciy trong trén mot
lru vire ¢ san xuét nong nghiép, tir d6 danh gia
chat lugng nudc séng ngdi. M6 hinh do Co quan
nghién ctru Nong nghiép (Agricultural Research
Service, ARS) cua USDA phat trién nam 1980.
Mo hinh st dung nhiéu thong tin ddu vao (hinh
thai Iuu vue, cic bién s sir dung dat va dir liéu
lwong mua), duoc thiét ké nham ng dung cho
toan luu vuc c6 dién tich tir hang chuc acres dén
50.000 acres. AGNPS cho phép xac dinh nhirng
dién tich c6 x6i mon xdy ra nghiém trong.
Luong nudc tao dong chay tran duoc tinh toan
theo phuong phap chi s6 duong cong dong chay
(Curve Number, CN) ciia Co quan Bao vé Dat
(the Soil Conservation Service, SCS). Sau do
luong dat bi x6i mon duoc tinh tir phwong trinh
USLE (Hessel & cs., 2003), bén canh cac két
qua vé khéi luong dong chay, toc do dong chay
cuc dai, bun cat, ham lugng N, P va COD. M6
hinh AGNPS ¢6 thé duoc 4p dung trong giai
doan 1ap ké hoach quan ly luu vuc thoat nudc,
nho d6 c6 thé nhan dién va phan tich su suy
thoai méi truong va nhitng ving dat xung yéu
(Nugroho, 2003) nhung phu hop v6i dit nong
nghiép hon so véi cac ving ddi. AGNPS thuong
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yéu cau dir liéu 16n hon va d¢ phrc tap tinh todn
cao hon nhiéu so véi cac mé hinh thuc nghi¢m,
do d6 thudng phai sir dung cac mé hinh hod bd
sung, vi vay han ché kha ning img dung ctia n6
(Young & cs, 1989; Merrit & cs, 2003).
2.1.2.2. M6 hinh MMF

M6 hinh Morgan/Morgan/Finney model
(Morgan & Kuss, 1986) duoc phat trién nhim
du bao luong dat bj x6i mon hang niam cho dién
tich c& thira rudng trén dat déc. Mo hinh nay bao
gdbm phan mé phong qua trinh dong chay va
phan mo phong qua trinh bdi lang. N6 duoc coi
1a c6 tinh chat dong thai nhiéu hon so vi mo
hinh USLE. Mé hinh MMF tinh toan nang
lugng gdy x6i mon do va d4p cua cac giot mua
dua trén tong lwong mua nam. Dong chay tran
trén mat dat xay ra khi lwong mua ngay vuot
qua mot gia tri t6i han nhat dinh va tong luong
nude dong chay tran ciing duoc tinh toan dua
trén co so tong lwong mua nam. Ning lyc
chuyén van chit lo ling cua dong nudc duoc
xéac dinh dya trén tong lugng nudc dong chay
tran, do doc suon doi va do che phu thyc vat.

Trong m6 hinh MMF, dong nang (don vi
J/M) cua dong chay dugc tinh todn voi cong
thic £ = R (11.9 + 8.7 logio I) trong d6 luwgng
mua va cuong d6 giy xoi cua trdn mua la dur
libu dau vao. Lwong hat dat bi x6i mon (F,
kg/m?) dugc ude lugng theo cong thire, F = K x
E 0057 x 1073, trong d6 P = phan trim lugng
mua roi xudng tan 14 va than canh cy cbi dé sau
d6 bi bdc hoi hay tao dong chay theo than cay,
phu thudc vao loai che phu thyc vat; va hé sé K
(chi sb dat bi tach roi) la khéi luong hat dit bi
tach roi trén don vi nang luong mua roi
(gram/Joule).

Luu lugng dong chay tran trén mat dat (Q) 1a
ham s6 cua lugng mua va sic giit am dong
rudng cua dat (soil moisture capacity) twong
mg v6i hién trang 16p phu thuc vat. Dir liéu du
vao ctia md hinh bao gdm lwong mua trung binh
ngay (R,) va ste gilr am ddng rudng cua dat img
v6i hién trang 16p phu thuc vt thuc t€ (R.). R.
dugc tinh theo cong thire R. =1000* MS x BD x
RD x ( EJE,) *° trong d6 MS = d6 am ddng
rudng (%); BD = dung trong (bulk density) cua

tang dit mat (Mg/m®); RD = d0 siu tang ré cay
hoat dong (m) E/E, =ty 1& gitra lugng bdc thoat
nudc thyuc té va tiém nang.

Luu luwgng dong chay tran (Q) dugc udc
luong Q = RCRR9) Kha ning van chuyén dét
cua dong chay (7) phu thudc vao luu luong
dong chay tran (Q), do dbc dia hinh, (S) va do
che phu cua cay tréng (C), theo phuong trinh T
= C Q% x sin S x 107 (kg/m?). Cubi cung gia tri
bé nhit gitra kha nang cua dong chay tran vé van
chuyén dit va tach roi dat duoc coi nhu luong
dat bi x6i mon (Morgan, 1995).
2.1.2.3. M6 hinh SWAT

Cong cu danh gia dit va nude (SWAT) duoc
phat trién tir mé hinh SWRRB nhung nham ap
dung cho Iuu vue 16n, luu vye xuyén quc gia
va dia hinh phtc tap. SWAT chia dién tich
thanh cac ludi 6 dé co thé biéu thi dugc nhitng
bién dong theo khong gian cua cac thong sé mo
hinh. Giéng nhu cic mé hinh SWRRB va
SPUR, SWAT ciing st dung cong thire phé cap
cai tién MUSLE dé tinh toan dong bun cat (Foy
& cs, 1999). MUSLE st dung tong luong nude
tham gia dong chay tran trén mat dat dé mo
phong x61 mon va luu lugng dong bun cat. Mo
hinh thiy van cung cdp cac udc tinh thé tich
dong chay va dinh luu lugng dong chdy, ma
cung véi dién tich tiéu luu vue, dugce st dung dé
tinh toan bién sd vé ning lwong x6i mon cua
dong chay. Yéu t6 ché d6 canh tac duoc tinh
todn lai cho ting ngay ma dong chay tran ra.
bay 1a mot ham s6 cua sinh khéi trén mat dat,
du thira trén bé mat, va yéu t C tdi thiéu cho
loai cdy trong. Céc yéu t khac ciia phuong trinh
x01 mon dugc tinh toan va udc luong nhu mo ta
ctia Wischmeier & Smith (1978). Luong dét bi
x0i mon do mua va dong chay tran dugc udc
tinh v&i phurong trinh phd dung stra d6i MUSLE
(Williams, 1975).

Phuong trinh phé dung x6i mon dét stra dbi,
MUSLE (Williams & cs, 1996) duoc viét nhu sau:

Sed=11.8 (Osus qpeak arean)*>® Kusie
Custe Puste LSuste CFRG

Trong do:

Sed la lwong dat bi x6i mon hang ngay
(tan/ngay);
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Qs la lwong nuoc dong chay tran trén mat
dat (mm I6p nude/ha);

Gpeak la luew lieong dong chay tran cuc dai (m*/s);

arean la dién tich cua HRU (ha);

Kusie la hé s6 kha nang ing chiu xoi mon
cua dat tw céng thire USLE (0.013 tin m’
gio/(m*-tdn cm));

Custe la hé s6 tham thuwce vit trong cong thirc
USLE;

Pusie la hé sé tac ddng cia bién phdap canh
tdc va bao vé dat trong cong thirc USLE;

LSusce la hé s6 tac ddng cia dia hinh trong
USLE;

CFRG la hé s6 tac dong ciia thanh phan thé
trong ddt.

SWAT ung dung duoc trong cic diéu kién
khac nhau nhu bién ddi khi hau, thay d6i sir
dung dét, khao sat tac dong cua qua trinh bdc
thoat hoi nudc, tuyét tan tuy nhién nhing sy
kién bat thuong hay dong chay 16n nhat va dinh
dong chay thi m6 hinh nay mé phong chua dugc
t6t (Arnold & cs, 1990, 1998).

2.1.3. M6 hinh djng thai trén co so vit ly

Nhirng m6 hinh nay dya trén viéc ap dung
dinh luat bao toan vét chat va ning luong. Phan
16n chung str dung cac phuong trinh vi phan vé
tinh lién tuc bao toan vat chét khi vat chat bién
dong theo khong gian va thoi gian (khdi luong
di vao — khdi luong di ra = khi luong dét bi mat
di hay b6 sung thém - loss or gain of soil)
(Morgan & Kuss, 1986). Cac m6 hinh dong thai
nhu Chemicals, Runoff, and Erosion from
Agriculture Management System (CREAMS),
European Soil Erosion Model (EUROSEM),
Griffith University Erosion System Template
(GUEST), va Water Erosion Prediction Project
(WEPP) c6 thé du bao phén bé trén dién tich luu
vuc lugng dong chay mit va lugng dat x6i mon
trong ca 2 trudng hop tong sb ca nim va ting
tran mua riéng biét.
2.1.3.1. M6 hinh CREAMS (Chemical Runoff
and Erosion from Agricultural Management
Systems)

Mo hinh chét luong nudc dong chay mat tir
cac hé théng quan ly nong nghiép (CREAMS)
la m6 hinh dung cho quy mé thira rugng, dugc

phat trién chu yéu nhim danh gia tac dong cua
cac hé thdng canh tac va quan ly néng nghiép
1én chat lvong nudce, dong chay va x6i mon dat.
Mo hinh mé phong dong chay tran mat dat theo
phuong phap duong cong SCS hay md hinh
Green-Ampt; luong hat dat bi tach roi tinh theo
gia tri cac hé s6 R, K, C cua USLE, xéc dinh sy
vén chuyén bun cat dya trén van toc va luc cit
ctia dong chay, d6 nham cua suon déc, ty trong
va kich thudc cua hat dat. St dung sé liéu vé
luong mua, nhiét do khong khi hang thang va
gia tri buc xa mat troi, két hop véi thong s6 vé
dét dai, cay tréng/ x6i mon, boi tu hodc van
chuyén tram tich theo mat cat cua suon dbc
(Silburn & Loch, 1991), mé hinh chu yéu bao
gdm ba thanh phéan: dau tién 1a phan thuy vin
duoc str dung nham tinh toan tong va gia tri 16n
nhat (dinh) cua luong dong chay tran mat dét,
lwong dong thim xudng dét, dd 4m cua cac ting
dat, va dong tham sau xudng nudc ngam, cho
ting ngay (va cho gia tri timg gio néu c6 dir lidu
theo gio, voi mé hinh thim Green & Ampt
infiltration); Thir hai, khi chi ¢6 day dur liéu
ngay thi mé hinh tinh toan thuy van voi ky thuat
chi sé duong cong (curve number technique)
cuia Cuc bao vé dat, B6 néng nghiép Hoa ky
(USDA Soil Conservation Service. Erosion), va
udc tinh dong chay bun cat (sediment yield)
theo phuong trinh phd cip x6i mon dat USLE
va m6 hinh van chuyén bun cat Yalins (Morgan
& Kuss, 1986); Thanh phan thir ba cia mé hinh
thudc vé hoa hoc bao gém mé hinh bién dong
chat dinh dudng va thudc trir siu va cho két qua
tong lwong chit cho ting trdn mua va gia tri
trung binh vé ndong do chét bi hip thu va hoa tan
trong nudc (Morgan & Kuss, 1986).

Uu diém cta md hinh CREAMS 1a c6 tinh
dén x6i mon rinh va boi tu cing véi cac ngudn
x6i mon dét lién. Tuy nhién khi st dung, luu vuc
dugc mo hinh hoa dugc gia dinh 1a ¢6 dia hinh
va st dung dat dong nhat, c6 thé khong dung
thuc té trong mot sb trudng hop.
2.1.3.2. EUROSEM (EURopean Soil Erosion Model)

M6 hinh x6i mon dit cua chiau Au
(EUROSEM) la mé hinh dy bao x6i mon dat
dya trén md phong tung qua trinh vat ly trong
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co ché x6i mon dét. No duge thiét ké véi muc
dich m6 phong cho ting trin mua riéng biét va
c6 thé st dung dé danh gia tac dong cua cac bién
phap bao vé dat (Morgan & cs, 1998a). Nguyén
1y cia mo hinh 1a tinh toan thong qua mé phong
dong chay tran miat dat dua trén nguyén ly can
bang nudc va tée do thim nudc vao dat. Luong
hat dét bi tach roi 1a ham sé cla dong ning va
strc chuyén cho cua dong chay, cua stc khang
luc cdt cua dat va cua van toc ling dong. Mo
hinh nay c6 thé du doan tdc d6 dong chay hang
nam va luong dat mat. Phuong trinh tinh toan
dwa vao nghiém s6 ciia phuong trinh can bang
khéi luong dong (Bennett, 1974; Woolhiser va
cong su, 1990):

0 (AC) 0(Q0C)

Jt * 0x

Trong do:

C = tong lwong bin cat/béi ling (m3 m-3);

A: dién tich mdt cdt ngang (m2);

Q: luu lvong (m3 s-1);

qs = lwong dat mat di trén mét don vi chiéu
dai dong chay (m3 s-1m-1);

e: toc do tdac roi hat dat/ toc do ciia xéi mon
nén trén mét don vi chiéu dai dong chay (m3 s-
1 m-1);

x: khoang cach ngang (m);

t: thoi gian (s).
2.1.3.3. Mé hinh KINEROS (Klnematic
EROsion Simulation Model)

M6 hinh md phong dong hoc x6i mon
(KINEROS) dién ta toan hoc cac qua trinh tao
nén dong chay tran trén mat dat voi gia thiét
lwong mua hiru hiéu dwoc tich ty lai trén mat dat
cho dén khi d6 sau nudc du 16n dé tao nén dong
chay tran. M6 hinh sur dung budc thoi gian tinh
toan bang 1 phut, ap dung cho tung khu rudng
hay cho timg luu vure nho. Két qua mé hinh bao
gdm du bao biéu dd dong chay va d6 thi dong
bun cat trong tung trdn mua, cing nhu vung
dién tich dat bi x6i mon hay bdi ling va bién
dong bé mat dat chi tiét dudi tac dong cla qua
trinh x6i mon va boi ling xay ra trén mat dat.
Nguoi st dung c6 thé lya chon ngudn chinh tao
ra bun cat tir tac dong cua hat mua roi hay tir
dong chay (bao mon bé mit dit hay x6i mon ranh
do dong chay tap trung) (Smith & cs., 1995).

e(x,t) = qs(x, t)

Phuong trinh dugc st dung trong md hinh
KINEROS dé moé phong dong thai xoi
mon/trAm tich tai moi diém doc theo dong chay
bé mit 1a phwong trinh cén bang khéi luong
(Bennett, 1974). Bdi véi bé mit dbc, téc do xoi
mon cua 16p dit duoc chia thanh hai phan: toc
do x61 mon nhanh do cuong do mua lon phé vo
két cau dat & ving dét tréng va x6i mon theo
duong do dong chay kéo theo cac hat dat dé
dudi tac dung cua trong luc. Tbc d6 x6i mon
nhanh duoc tinh gin dung nhu 1 mot ham cia
ty 1€ mua va dg sau cua dong chay. KINEROS
¢6 thé duge sir dung dé mé phong trong twong
lai qua trinh phat trién d6 thi, cac hd chtra nude
nhd hodc cdc kénh doi véi 1i lut va xdi
mon/trim tich.
2.1.3.4. Mé hinh WEPP (Water erosion
prediction project)

Mo hinh WEPP dugc coi la mot cong nghé
moi vé du bao x6i mon dat & pham vi suon déc
va luu vire. N6 duoc phat trién dua trén nguyén
1y co ban vé md phéng xac suit qua trinh khi
tuong, ly thuyét dong tham, thiy van, vat ly dat,
va khoa hoc cdy tréng, thuy luc va dong hoc x6i
mon dat. Nhitng diém ndi bat cia WEPP bao
go6m kha ning du bao phan bd luong dét xoi
theo thoi gian va khong gian (tong lugng dét bi
X061 trén toan bd suon doc hay tai tung vi tri, &
moi thoi diém theo thoi gian nhu ting ngay,
thang, hay trung binh nim). Pong thoi mé hinh
cho phép ngoai suy két qua mé hinh cho rat
nhiéu diéu kién khac nhau. Khi tmg dung cho
mot luu vuc song thi mo hinh con wdce tinh luu
lugng dong chay bun cat sinh ra tir toan bo dién
tich mo phong (Flanagan & cs., 2007).

M6 hinh WEPP thyc hién mé phong dong
chay tran mit dat theo phuong phap duong cong
SCS hay mé hinh Green-Ampt; luong hat dat bi
tach roi va van chuyén phu thudc vao do déc, %
dién tich che phu thuc vit, lyc cdt cua dong
nuée, dd nham mat dat, phan trim luong mun
va khéi luong ré cdy co trong dat. Nhung viéc
stt dung nhiéu dir liéu dau vao va yéu cau dir
lidu tinh toan 16n din dén han ché kha ning ing
dung ctia m6 hinh. Mot diém khac biét gitta mo
hinh WEPP va cidc mo hinh khac 1a phuong
trinh lién tuc cua trdm tich duoc ap dung trong
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cac ranh chat 1ong bang cach str dung thuy luc
dong chay dong nhit (Han & cs, 2016). Tuy
nhién dé ap dung thanh cong mé hinh nay cho
cac khu vue rong 16n hon can dau tu nghién ciru
sau hon vé su bién d6i khong gian ctia dat va 1op
phu thyuc vat.
2.2. Xu huéng @ng dung mé hinh trong
nghién ciru x6i mon dat

Xu hudng ung dung rong rai cong nghé
khong gian trong cdc m6 hinh 1a rd rang trén
toan cau. Cac mé hinh thuoc ho (R)USLE cho
dén nay 1a mo hinh x6i mon dit duoc ap dung

1200 +

1994-1997  1998-2001

Ung dyng mé hinh héa
o (=] @ =
g 8 8 8

g

0

2002-2005 2006-2009 2010-2013

rong rii nhit trén toan cau voi khoang ~ 41%
téng sb nghién ctru dugc ghi nhan trong co s&
dir liéu. Gia tri nay tham chi c6 thé ting 1én ~
55% néu tinh ca cac mo hinh dua trén USLE
nhu WaTEM/SEDEM, EPIC (Borrelli & cs.,
2021). Theo Alewell & cs (2019), cac mo hinh
khac gia ting ca vé xu huéng va tmg dung trén
toan thé gioi la SWAT, WEPP, WaTEM/
SEDEM. Riéng RHEM hau nhu van chi duoc
ap dung ¢ Hoa Ky. Cac mo6 hinh khac khong c6
xu huéng rd rét (kieu MMF, LISEM) hoidc c6
xu hudng ti€éu cuc nhe (EUROSEM).

s RHEM

2014-2017

Hinh 2. Théng ké s6 lrgng cong bd theo md hinh
(Nguon: P. Borrelli & cs, 2021)

Trong cong bd gan day, Borrelli (2020) sau
khi tom lugc lich st phat trién va Gmg dung md
hinh x6i mon dt, di phan tich nhitng xu hudng
phét trién cong nghé mé hinh x6i mon trong
tuong lai. Nhirng nghién ctru tinh toan va du bao
x61 mon dat trong nhirmg nam 1960 va 1970 chi
don thuan dya trén cac cong thic thuc nghiém
thong ké twong quan (empirical formula) ma
USLE la dai dién tiéu biéu. Nhitng nim 1970
dén 1990, phan 16n cac nghién ctru chu trong
phét trién mé hinh x6i mon trén co s6 dién ta
bang toan hoc cac qua trinh vat 1y lién quan dén
x61 mon dat. Giai doan 1990-2000 ching kién
nhirg nghién ctru vé ddc tinh ngiu nhién va
bién dong cua téc d6 x6i mon dit theo khong
gian va thoi gian. Va tir nhitng nim 2001 dén
nay, voi viéc xuat hién nhirng thanh tyu méi cua
cong nghé théng tin va truyén thong, nghién ctru
x6i mon dét da két hop voi mo phong khong
gian, giao dién phan mém c6 GIS, sir dung ngay
cang tang dir liéu tir vién tham va mo hinh mo
phong trén nén web cho phép két ndi tirc thoi
voi dit liéu 16n vé thd nhudng, dia hinh, st dung
dat va thoi tiét, gitip nhan rong viéc danh gia x6i
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mon dét tir quy mé thuc dia dén quy mé luu vuc
va cao hon. Sy tién bd d6 da gitip cac nha quan
1y tap trung vao cac quyét dinh quan Iy dét dai,
x4c dinh chinh xac hon céc khu vuc cé nguy co
X061 mon.

Xu huong nghién ctru va g dung mo hinh
trong x61 mon dat ¢6 18 van sé& phu thudc vao
muc dich ctia md hinh héa. Do thé hé nhitng mé
hinh hién nay van chua dat duoc két qua nhu
mong mudn khi du bao téc d6 hién twong x6i
mon dét nén viéc phat trién va tng dung mé
hinh van tao dong luc cho cac nha nghién ciru,
dic biét huong dén hd tro duoc cac qua trinh ra
quyét dinh vé chinh sach st dung dat nham dat
dugc nhidu muc tiéu phat trién bén viing, xac
dinh nhirng vung nguy co x0i mon hay cong tac
x6a doi giam nghéo. Dé dat duoc tit ca cac muc
tiéu nay, cong nghé mé hinh con can duoc dau
tu nghién ciru trong nhidu nam toi.

3. KET LUAN

Phuong phap mé hinh héa dugc nhiéu nha
nghién ctru va quan ly cong nhan 1 rat can thiét
va hitu hiéu dé uéc tinh lwong dat bi x6i mon
x4y ra theo thoi gian va khong gian. Cong cu mo
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hinh ¢6 nhiéu vu diém vuot trdi vi né cho phép
khao sat, danh gia tac dong cua nhiéu gia tri
thong sb va kich ban khac nhau ma cac thi
nghiém va quan tric thuc dia khong thé thyc
hién dugc. Nhiing phuong trinh udc tinh va mo
hinh mé phong lwong dét bj x6i mon da duogc
phat trién tir nhitng ndm 30 v6i mirc d tr rat don
gian dén rat phirc tap, ca vé nguyén 1y, cau tric,
thanh phan dir liéu dau vao va két qua dau ra.

Trong nhiing nim gan day, xu hudng su
dung m6 hinh trén thé gidi ngay cang hudng vé
cac mo hinh dong thai qua trinh vat ly do nhiing
mo hinh nay dya trén viéc giai quyét cac phuong
trinh toan hoc biéu dién ban chét timg qua trinh
thanh phan cua hién tuong x6i mon dt, trong
khi tuan thu dinh luat bao toan vat chét va ning
lwong, ¢ thé wdc tinh duge lugng dit x6i mon
chinh xac & quy mé 16n hon trong khi can it
cong stre hiéu chinh va kiém chimg mé hinh
hon. Véi viéc xuit hién nhitng thanh tyu méi
cua cong nghé thong tin, nghién clru x6i mon
dat da két hop voi GIS, ting cuong khai thac dir
liéu tir vién tham va dix liéu 16n (big data) vé thd
nhudng, dia hinh, st dung dét va thoi tiét giup
xac dinh chinh xac hon céc khu vuc ¢6 nguy co
x61 mon, huéng dén hd tro cac qua trinh ra quyét
dinh vé chinh sach st dung dat nham dat duoc
nhiéu myc tiéu vé phat trién bén viing.
Loi cam on

Két qua cta bai bao nay 1a mot phan cua dé
tai nghién ctru khoa hoc: Ung dung mo hinh
SWAT dé danh gia, du bio va canh bao tinh
trang x6i mon dat trén dat doc canh tac ving doi
nui tai tinh Gia Lai. MS. KH GL-03-19. Nhém
tac gia xin cam on TS. Nguyén Duy Binh da
dinh hudng va tu vin cho nhom tic gia hoan
thién nghién clru nay.
TAI LIEU THAM KHAO

1. Adornado H. A., Yoshida M., & Apolinares H. A.,
2009. Erosion vulnerability assessment in REINA,
Quezon Province, Philippines with raster-based tool built
within GIS environment. Agricultural Information
Research, 18(1), 24-31.

2. Aksoy H. & Kavvas M. L., 2005. A review of
hillslope and watershed scale erosion and sediment
transport models. Catena, 64(2-3), 247-271.

3. Alewell C., Borrelli P., Meusburger K. & Panagos
P., 2019. Using the USLE: chances, chal- lenges and
limitations of soil erosion modelling. Int. Soil Water

Conserv. Res. 7, 203-225.
https://doi.org/10.1016/j.iswcr.2019.05.004.

4. Arnold J.G., Williams J.R., Griggs RH. &
Sammons N.B., 1990. SWRRB—a basin scale simulation
model for soil and water resources management. A&M
Press, Texas.

5. Arnold J. G., Srinivasan R., Muttiah R. S. &
Williams J. R., 1998. Large area hydrologic modeling
and assessment part I: model development 1. JAWRA
Journal of the American Water Resources Association,
34(1), 73-89.

6. Bergsma E., Charman P., Gibbons F., Hurni H.,
Moldenhauer W. C. & Panichapong S., 1996.
Terminology for soil erosion and conservation. 1SSS:
ITC: ISRIC.

7. Bennett, J.P., 1974. Concepts of mathematical
modeling of sediment yield. Water Resources Research
10 (3), 485—492.

8. Boardman J., 2006. Soil erosion science:
Reflections on the limitations of current approaches.
Catena, 68(2-3), 73-86.

9. Borrelli P., Robinson D., Panagos P., Lugato E.,
Yang J., Alewell C., Wuepper D., Montanarella L. and
Ballabio C., 2020. Land use and climate change impacts
on global soil erosion by water (2015-2070). Proceedings
of the National Academy of Sciences, 117(36), 21994-
22001.

10. Borrelli P., Alewell C., Alvarez P., Anache J. A.
A., Baartman J., Ballabio C., Bezak N., Biddoccu M.,
Cerda A., Chalise D., Chen S., Chen W, Girolamo
AM.D., Gessesse G. D., Deumlich D., Diodato N.,
Efthimiou N, Erpul G, Fiener P., Freppaz M., Gentile F.,
Gericke A., Haregeweyn N., Hu B., Jeanneau A., Kaffas
K., Harchegani M. K, Villuendas I. L., Li C., Lombardo
L., Vicente M. L., Borja M. E. L., Marker M., Matthews
F., Miao C., Mikos M., Modugno S., Moller M., Naipal
V., Nearing M., Owusu S., Panday D., Patault E., Patriche
C. V, Poggio L., Portes R., Quijano L., Rahdari M. R.,
Renima M., Ricci G. F., Comino J. R., Saia S., Samani A.
N., Schillaci C., Syrris V., Kim H. S., Spinola D. N.,
Oliveira P. T., Teng H., Thapa R., Vantas K., Vieira D.,
Yang J. E., Yin S., Zema D. A., Zhao G. & Panagos P.,
2021. Soil erosion modelling: A global review and
statistical analysis. Science of the total environment,
146494.

11.De Vente J., & Poesen J., 2005. Predicting soil
erosion and sediment yield at the basin scale: scale issues
and semi-quantitative models. Earth-science reviews,
71(1-2), 95-125.

12.D06 Duy Phai, 2005. Nghién cieu anh hwong cac
phirong phdp canh tac bao vé dat va mé hinh di bdo x6i
mon dat tai Pong Cao, huyén Lirong Son, tinh Hoa Binh.
Luan van Cao hoc, Vién Khoa hoc Nong nghiép Viét
Nam, Ha Noi.

13.Dung N. V., Vien T. D., Lam N. T., Tuong T. M.,
& Cadisch G., 2008. Analysis of the sustainability within
the composite swidden agroecosystem in northern
Vietnam: 1. Partial nutrient balances and recovery times
of upland fields. Agriculture, ecosystems & environment,
128(1-2), 37-51.

14.Flanagan D. C., Gilley J. E. & Franti T. G., 2007.

TAP CHi KHOA HQC VA CONG NGHE LAM NGHIEP SO 1 - 2022 111



Quadn ly Tai nguyén rung & Moi truong

Water Erosion Prediction Project (WEPP): Development
history, model capabilities, and future enhancements.
Transactions of the ASABE, 50(5), 1603-1612.

15.Foy J. K., Teague W. R. & Hanson, J. D., 1999.
Evaluation of the upgraded SPUR model (SPUR2. 4).
Ecological Modelling, 118(2-3), 149-165.

16.Ha N. M., Van Dung N. & Ngoc H. H., 2013.
Application of USLE and GIS tool to predict soil erosion
potential and proposal land cover solutions to reduce soil
loss in Tay Nguyen. Vietnam Journal of Earth Sciences,
35(4), 403-410.

17.Han C. H., Hwang H. S., Lee Y. J,, Lee S. N.,
Abanes J. J. & Lee B. H., 2016. Chronic depression
treated successfully with novel taping therapy: a new
approach  to  the treatment of  depression.
Neuropsychiatric disease and treatment, 12, 1281.

18. Hessel R., Messing 1., Liding C., Ritsema C. &
Stolte J., 2003. Soil erosion simulations of land use
scenarios for a small Loess Plateau catchment. Catena,
54(1-2), 289-302.

19.Jetten V., De Roo A. D. & Favis-Mortlock D.,
1999. Evaluation of field-scale and catchment-scale soil
erosion models. Catena, 37(3-4), 521-541.

20.Le Huong H. & Son N. T., 2020. Response of
streamflow and soil erosion to climate change and human
activities in Nam Rom River Basin, Northwest of
Vietnam. Environment and Natural Resources Journal,
18(4), 411-423.

21.Mai Van Trinh, 2007. Soil erosion and nitrogen
leaching in northern Vietnam: Experimentation and
modelling, Disertation no. 4167, Wageningen
Universiteit, Wageningen, The Netherlands. 192 p.

22.Merritt W. S., Letcher R. A., & Jakeman A. J.,
2003. A review of erosion and sediment transport
models. Environmental modelling & software, 18(8-9),
761-799.

23.Morgan J. M. & Kuss F. R., 1986. Soil loss as a
measure of carrying capacity in recreation environments.
Environmental Management, 10(2), 263-270.

24.Morgan R.P.C., 1995. Soil erosion and
conservation. Longman, Harlow, UK, 198 pp.

25.Morgan R. P. C. & Duzant J. H., 2008. Modified
MMF (Morgan—Morgan—Finney) model for evaluating
effects of crops and vegetation cover on soil erosion. Earth
Surface Processes and Landforms: The Journal of the
British Geomorphological Research Group, 33(1), 90-106.

26.Morgan R. P. C., Quinton J. N., Smith R. E.,
Govers G., Poesen J. W. A., Auerswald K., Chisci G.,
Torri D. & Styczen, M. E., 1998a. The European Soil
Erosion Model (EUROSEM): a dynamic approach for
predicting sediment transport from fields and small
catchments. Earth Surface Processes and Landforms: The
Journal of the British Geomorphological Group, 23(6),
527-544.

27.Morgan R. P. C., Quinton J. N., Smith R. E.,
Govers G., Poesen J. W. A., Chisci G. & Torri D., 1998b.
The EUROSEM model. In Modelling Soil Erosion by
Water (pp. 389-398). Springer, Berlin, Heidelberg.

28.Nearing M. A., Jetten V., Baffaut C., Cerdan O.,
Couturier A., Hernandez M., Bissonnaise Y. L., Nicholsa
M. H., Nunesf J.P., Renschlerg C.S., Souche'reh V. &

Van Oost, K., 2005. Modeling response of soil erosion
and runoff to changes in precipitation and cover. Catena,
61(2-3), 131-154.

29.Nearing M. A., Lane L. J., Alberts E. E. & Laflen
J. M., 1990. Prediction technology for soil erosion by
water: status and research needs. Soil science society of
America Journal, 54(6), 1702-1711.

30.Ngd Thanh Son & Tran Trong Phwong., 2021.
Téng quan vé nhitng ung dung cong cu danh gia tai
nguyén dat va nuéc (SWAT) & Viét Nam: thach thic va
trién vong trong tuong lai. Tap chi Khoa hoc Nong nghiép
Viét Nam, 19(12): 1693-1705

31.Nugroho S. P., 2003. Application of the
Agricultural Non-Point Source Pollution(AGNPS) model
for sediment yield and nutrient loss prediction in the
Dumpul sub-watershed, Central Java, Indonesia. Erosion
Prediction in Ungauged Basins. Integrating Methods and
Techniques, (279), 125-130.

32. Pimentel D., Harvey C., Resosudarmo P., Sinclair
K., Kurz D., McNair M., Crist S., Shpritz L., Fitton L.,
Saffouri R & Blair, R., 1995. Environmental and
economic costs of soil erosion and conservation benefits.
Science, 267(5201), 1117-1123.

33.Quinton J. N. & Catt J. A., 2007. Enrichment of
heavy metals in sediment resulting from soil erosion on
agricultural fields. Environmental science & technology,
41(10), 3495-3500.

34.Radmanesh G. & Bagherzadeh A., 2014.
Assessment of soil erosion by neural network-based
impel eromodel using GIS In neyshabour plain, northeast
of Iran. Indian J Fundam Appl Life Sci 6 (S1), 8-15.

35.Renard K.G. and Ferreira V.A., 1993. RUSLE
model description and database sensitivity. Journal of
Environmental Quality, 22, 458-466.

36.Renard K.G., Laflen, J.M., Foster, G.R. and
McCool, D.K., 1994. The revised universal soil loss
equation. In: Lad, R. (Ed.), Soil Erosion: Research
Methods, pp. 105-126.

37.8SidleR. C., Ziegler A. D., NegishiJ. N., Nik A. R,
Siew R. & Turkelboom F., 2006. Erosion processes in
steep terrain—Truths, myths, and uncertainties related to
forest management in Southeast Asia. Forest ecology and
management, 224(1-2), 199-225.

38.Silburn D. & Loch R., 1991. Evaluation of the
CREAMS erosion model for predicting sediment yields
and size distributions. In: Workshop on Modelling the
Fate of Chemicals in the Environment, Centre for
Resource and Environmental Studies, Australian
National University, Canberra, pp. 141-142.

39.Smith R. E., Goodrich, D. C., Woolhiser, D. A. &
Unkrich, C. L., 1995. KINEROS-a kinematic runoff and
erosion model. Computer models of watershed hydrology,
697-732.

40.Son N. T. & Binh N. D.,2020. Predicting Land Use
and Climate Changes Scenarios Impacts on Runoff and
Soil Erosion: A Case Study in Hoa Binh Province, Lower
Da River Basin, Northwest Vietnam. Environment Asia,
12(2).

41.Thai Phién, Mai Vin Trinh, D6 Canh Duong, 2001.
X6i mon dét trén ving go ddi huyén Ninh Son - Ninh
Thuan. Tap chi Khoa hoc ddt, 15, 161-169.

112 TAP CHi KHOA HQC VA CONG NGHE LAM NGHIEP SO 1 - 2022



Quadn ly Tai nguyén rung & Moi truong

42.Tran Duc Toan, Podwojewski P., Orange D.,
Nguyen Duy Phuong, Do Duy Phai, Bayer A., Nguyen
Van Thiet, Pham Van Rinh, Renaud J. and Koikas J.,
2004. Effect of land use and land management on water
budget and soil erosion in a small catchment in northern
part of Vietnam. In International conference on
innovative practices for sustainable sloping lands and
watershed management, 5-9 September 2004, Chiang
Mai, Thailand.

43 . USDA-ARS, 2010. Revised Universal Soil Loss
Equation, RUSLE [online]. Available by USDA-ARS,

National Sedimentation Laboratory
http://www.ars.usda.gov/Research/docs.htm?docid=602
7 (verified 27/5/2010)

44.Vezina K., Bonn F. & Van C. P., 2006.
Agricultural land-use patterns and soil erosion
vulnerability of watershed units in Vietnam’s northern
highlands. Landscape Ecology, 21(8), 1311-1325.

45.Vuong Vin Quynh, 1999 - Chuong trinh phin
mém tng dung tiéu chudn x6i mon dit. Két qua nghién
ctru khoa hoc 1995-1999. Truong Dai hoc Lam nghiép.

46. Walsh R. P. D., Clarke M. A., Bidin K., Blake W.
H., Chappell N. A., Douglas I., Ramli N., Sayer A.M.,
Sinun W., Larenus J. & Hanapi, J. (2006). 23 Changes in
the Spatial Distribution of Erosion within a Selectively
Logged Rainforest Catchment in Borneo 1988-2003. Soil
erosion and sediment redistribution in river catchments:
measurement, modelling and management, 239.

47 . Williams J. R., 1989. EPIC: The erosion-
productivity impact calculator. Clema J.K. (ed.). The
Society, ISBN 09-118-0158, p. 676-681.

48. Williams J., Nearing M., Nicks A., Skidmore E.,
Valentin C., King K. & Savabi R., 1996. Using soil
erosion models for global change studies. Journal of Soil
and Water Conservation, 51(5), 381-385.

49. Wischmeier W. H. & Smith D. D., 1978.
Predicting  rainfall erosion losses: a guide to
conservation planning (No. 537). Department of

Agriculture, Science and Education Administration.

50. Woolhiser, D.A., Smith, R.E., Goodrich, D.C.,
1990. KINEROS: a kinematic runoff and erosion model.
U. S. Department of Agriculture, Agricultural Research
Service. ARS-77, 130 pp. In: Arnold, J.G., Srinivasan, R.,
Muttiah, R.S., Williams J.R., 1998. Large area hydrologic
modeling and assessment Part I: Model development.
Journal of American Water Resources Association 34 (1),
73-89.

51.Xiong M., Sun, R. & Chen L., 2019. Global
analysis of support practices in USLE-based soil erosion
modeling. Progress in Physical Geography: Earth and
Environment, 43(3), 391-4009.

52.Young R.A., Onstad C.A., Bosch D.D., Anderson
W.P., 1989. AGNPS: A nonpoint-source pollution model
for evaluating agricultural watersheds. Journal of Soil
and Water Conservation, 44 (2), 4522-4561.

A SYSTEMATIC REVIEW OF SOIL EROSION PREDICTION MODELS
AND APPLICATIONS
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SUMMARY

Soil erosion is a major problem around the world because of its effects on soil productivity, nutrient loss, siltation
in water bodies, and degradation of water quality. The use of the model has been recognized by many researchers
in the world and has a widely effective tool to estimate the amount of soil loss occurring at different spatial and
temporal scales. Empirical/regression equations and soil erosion models differ greatly in terms of the complexity
of the input data, simulation principles, displays, and output data sizes. One of the most commonly used soil
erosion models is the Universal Soil Loss Equation (USLE) and its family of models: the Revised Universal Soil
Loss Equation (RUSLE), and the Modified Universal Soil Loss Equation (MUSLE). In recent years, the trends
of using models are increasing towards physical models (MMF, AGNPS, SWAT), and conceptual models
(CREAMS, EUROSEM, KINEROS, EPIC, WEEP) because the application of these models is dependent on the
nature of each component process of soil erosion while complying the law of conservation matter and energy,
therefore we can accurately estimate soil loss in the larger scale with less effort on calibration and validation.
The development of information technology will create a new trend in soil erosion research with the combination
with RS, GIS and effective connection with big data on soil, topography, land use and climate. It will help to
identify accurately soil erosion areas and support decision makers on land use policy to achieve sustainable

development goals.

Keywords: model, sediment, soil erosion, universal soil loss equation, water erosion.
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