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PHUONG PHAP XAY DUNG DPUONG SUY GIAM DONG CHAY
MUA KIET: AP DUNG CHO LUU VUC THANH MY, QUANG NAM

Vii Huy Cong, To Thuy Nga, Lé Hung
Truwong Dai hoc Bach Khoa - Dai hoc Da chng
Hoang Trung Anh

Hoc vién cao hoc

Tém tat: Trong thoi gian mia khd, lwong nede mdt sé tir tir mat di khoi luu vue do dong chay,
béc hoi, tham, va cac hoat déng khdc. Sw suy gidm ciia dong chdy trong séng vao miia kiét diroc
biét dén nhuw la thudt ngiv “recession” trong thity van. Nghién cieu nay sé dwa ra mot phwong phdp
don gidn dé xdy dung dwong suy giam miia kiét theo cdc tan sudt nham hé tro cho cong tac du
bdo dong chay kiét. Cdc duwong cong suy gidm nay dwoc thé hién dudi dang cdc phwong trinh nén
rat thudn loi cho nguoi su dung. Luu viec dwoc chon nghién cuu la luu vuec Thanh My trén song
Vu Gia thudc mién Trung Viet Nam. Chudi s6 liéu dwoc sir dung la 35 nam. Két qua kiém chirng
S0 Vi $6 liéu thue do cho thdy dwong cong suy giam vira xdy dung thé hién dé tin cdy cao. Phirong
phdp xdy dung nay hira hen sé la céng cu quan trong gitip cdc nha qudn 1y ¢é co s¢ dé ra cdc
quyét dinh trong van hanh dac biét la o Viét Nam, noi du bao dong chay mua kiét con han ché va
chii yéu van dua trén cdc dwong luu liwong max, min.

Tw khéa: Luu lwong mua kiét, duwong cong suy giam, luu viec Thanh My

Summary: During the dry season, the streamflow will be removed slowly from the basin due to
evaporation, infiltration, and other water use activities. The decrease of discharge in the river in
this case is known as “recession”. This study Will present a simple method to construct streamflow
recession curves based on frequency calculations to support low-flow prediction. In addition, these
recession curves are also described in mathematical form by equations, so it is very convenient
for users. Thanh My catchment of Vu Gia river in Central Vietnam was selected as the study area.
A 35-year data series was used in the analysis. In validation process, this equation shows high
reliability in predicting flow data. The method is expected to be an important tool to help managers
make decisions in operations, especially in Vietnam, where the low- flow forecasting is still limited,
mainly based on the maximum and minimum flow curves.

Keywords: Low-flow, recession curve, Thanh My basin

1. PAT VAN DE phu, trong khi d6 luu lugng suy giam nhanh 1a
dic trung cua cac dong song chay xiét tir cac
luu vye khong thAm véi lugng trit han ché. Phan
16n cac cong trinh nghién ctru trude day déu tap
trung nghién cru dudng cong suy giam nhim
muc dich lam r0 nhiing dac tinh cta luu vuc,
kha ning thoat nudc tir cic tang chira nudce, kha
ning bdc hoi, hay cac thanh phan khac caa luu
vuc thé hién qua duong cong suy giam. Vi du

Sy giam dan cua lwong nude duoc luu giit trong
luu vuc trong céc thoi ky ¢ it hodc khong co
mua (mua ki¢t) dugc phan anh theo dang cua
duong cong suy giam. Toc do suy giam hay
hinh dang ctia duong suy giam nay phu thude
vao cac dic diém cua luu vuc. Nhimg dong
song c6 luu lugng suy giam cham thuong 1a noi
¢6 nudc ngam hodc nudc trong song hd phong
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cac nghién ctru cua Tague and Grant (2004),
Biswal and Kumar (2014), Tashie, et al. (2019),
Thomas et al. 2013, D. Wang and Cai (2010).

Céc nghién ctru trén cho thdy duong cong suy
giam di hd trg tich cyuc trong nghién ciru chi
tiét vé cac dic diém cua luu vuc. Tuy nhién,
cac nghién ctru vé dudng cong suy giam phuc
vu cho cong tac du béo trong quan 1y khai thac
tai nguyén nudc con nhiéu han ché. Nhitng nha
quan 1y van hanh s& quan tim dén luu lugng
du bao hon 1a kha niang chtra nudc cua cac tang
chtra nudc trong luu vuc cting nhu 1a kha ndng
thoat hoi nudc anh huéng dén luu luong trong
luu vue nhu thé ndo. Thyuc vay, duong cong
suy giam dugc xem 1a rat hiru dung trong linh
vuc van hanh khai thac tai nguyén nudc, bao
gom dy bao dong chay kiét va udc lugng céac
bién ctia dong chay kiét tai cac dia diém khong
do dac dugc. Nghién cliru cua tac gia
Reddyvaraprasad (2020) di chi ra rang viéc du
béo dugc dong chay suy giam 1a yéu t6 then
chét cho viée quan 1y tai nguyén nudc hiéu qua
trong mua kho, bao gém cac linh vuc thiét ké
cap nudc, tinh todn pha lodng chét thai, hang
hai, va van hanh ho chira. Xac dinh dugc
dudng cong suy giam sé& hd tro cho cong tac du
bao dong chay ki€t mdt cach thuan lgi. Tt do
s& gilip cac nha quan 1y dua ra nhiing quyét
dinh thich hop nham giam thiéu nhiing anh
huong x4u cia dong chay kiét.

Trong nghién ctru ndy, nhom tac gia dé xuét
mot phuong phap don gian dé xay dung dudong
cong suy giam phuc vu cho cong tac du bao
dong chay kiét nhu da dé cap ¢ trén. Céc sb lidu
thu thap va tinh toan duogc dua vé dudi dang
duong tan suét trude khi xay dung duong cong
suy giam. Puong cong suy giam xay dung theo
cach nay c6 tinh tong quat, c6 thé dem lai hi¢u
qua cao va thuan loi trong tng dung thyc té. N6
dugc xay dung dua trén dudng tan sudt va
duong tan suit thi dugc biét dén nhu 1a mot
cong cu hitu hidu sir dung rong rii trong thiét
ké, quy hoach, va quan 1y tai nguyén nudc (H.
Wang et al. 2001).

Luu vuc nghién ctu dugc ap dung 1a luu vuc
Thanh My, mot luu vuc thude thuong luu song
Vu Gia. Trong nhitng nim gan day do bién ddi
khi hau, nén nhiét d6 néng 1én, mua phan b bt
loi, thay d6i tham phu, cong trinh thuy dién van
hanh chuyén nuéc sang luu vuc khac di lam
thay d6i 16n dong chay. Thém vao 6, viéc chua
dam bao can d6i lwong nude trir cho cudi mua
kho do thiéu cac dy bao chinh xac dd giy nén
cac dot han han nghiém trong kéo dai ca thang
hodc nhiéu thang lién tyc. Tan suat va mirc do
xudt hién han hén, thiéu nudc ngdy cang gia
tang dan dén nhirng tac hai to 16n d6i v6i nganh
san xudt néng 1am ngu nghiép va moi trudng
sinh thai, thdm chi thiéu nudc sinh hoat do
nhiém min phia ha luu, vi du nhu cic nim
2013, 2015, 2016, 2019, va 2020. Bé gitip cho
viéc quan ly tai nguyén nudc hiéu qua trong
mua kiét, cong tac dy bao tét dong chay 1a cuc
ky quan trong giup cac nha quan 1y co thé dua
ra nhitng quyét dinh phu hop.
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Hinh 1: Luu vuc thiy van Thanh My
2. PHUONG PHAP NGHIEN CUU

Trong nghién ctru nay, cac budc xay dung
duong cong suy gidm dugc tém tat trén hinh 2:

Thu thap
xit Iy so ligu

xir Iy
s ligu

Ve dudmg suy
hi¢u chinh

Tinh todn veé duimg suy
gidm theo tan sudt

Kiém dinh
ket qua

Kidm tra do tin cdy
clia phuong trinh

Xiy dyng PT
dudmg suy giam

Hinh 2: Cac buoc xay dung diwong cong suy giam
2.1. Thu thép s6 liéu
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DAu tién, céc s6 lidu dong chay thyc do dugc
thu thép tai tram thily van Thanh M trong thoi
gian tir nam 1977 dén nam 2010 (35 nidm). Do
dai ciia chudi sb liéu nhu vy 1a dam bao dé xay
dung dugc duong cong suy gidm. Theo quan
diém cua Tallaksen (1995) va Perzyna (1993),
dir liéu phai téi thiéu phai 10 nim dé tim ra duoc
duong cong suy giam. Mua kiét dugc chon véi
thoi gian tir ngay 1/1 dén ngay 1/5 hang nam.
Hinh 3 thé hién chudi luu luong thuce do tai tram
Thanh My trong mua ki€t cua liét tai li€u 35
nam.

Hinh 3: Puong qua trinh luu lwong mua Kiét
tai tram Thanh My

2.2. Xir Iy 6 liéu
Tur hinh 3 & trén ta c6 mot s6 nhéan xét chung vé
dic diém cta dong chay mua kiét nhu sau:

+ Cac dong chay ¢6 quy luat giam dan, nim nao
c6 luu lugng nude dau mua kiét (tai thoi diém
01/01) 16n thi dudng suy giam thudng nam cao
hon nhitng nam c6 luu lugng dau mua kiét nho.

+ Puong suy giam luu lugng co diém ting dot
bién trong thoi gian do ¢6 mua. Nhung diém
dang chi ¥ 1a mic du tang 1én dot bién nhung
sau do luu lugng nay lai nhanh chéng giam
Xuéng gia tri xép xi véi gid tri trude trdn mua.
Nhu vay co thé xem nhu céc tran mua mua kiét
it tac dong dén xu thé chung cua duong qua
trinh suy gidm. T nhan xét trén, nhom tac da
gia thiét bo qua cac tran mua trong nghién ctru
nay. Gia thiét nay ciing pht hop voi nhan xét
clia cac nghién ciru trude day khi cho rang
dudng suy gidm c6 hinh dang chinh 1a duong
suy giam cua dong chdy co ban, noi cac tran
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mua c6 thé bo qua. Biswal (2014) di dé xuét bo
qua cac dong bd sung gy ra boi cac tran mua
trong phan tich duong suy giam. Nghién ctru vé
duong suy giam viét trén code Maltlab cia
Arciniega cling tinh toan duong suy giam ma
khong ké dén tran mua vao qua trinh tinh toan
(Arciniega-Esparza et al. 2017).

Ngoai ra, hinh 3 ciing cho thiy cic dudng suy
giam thay d6i theo quy ludt giam dan va c6 xu
huong 1o rang. Khac véi bai toan trong mua Ia,
noi s liéu duoc doi hoi phai cap nhat lién tuc
tham chi theo ngay, theo gio thi dong chady mua
kiét c6 s6 liéu it bién dong hon. Do d6, dé don
gian & mdi thang nhom tac gia dé xuat chi st
dung 3 s6 lidu dai dién, trich xuat tai cac ngay
01, 11, 21 dé tinh toan. Trong thyuc té cac ké
hoach cép nudc, phat dién hay dam bao dong
chday duy tri méi truong cling thuong can cit vao
du bao dong chay 10 ngay. Két qua cudi cung
cho thdy viéc don gian chudi s liéu nhu vay
van dam bao d9 tin cy, diéu nay s& dugc ching
minh qua phan kiém dinh két qua & phia sau.

3. KET QUA
3.1. V& dwong suy giam hi¢u chinh

Nhu da phan tich ¢ trén, c4c trdn mua trong mua
kiét do khong lam thay d6i nhiéu xu huéng
dong chay mua ki¢t nén duoc loai bé trong xir
Iy s6 liéu. Gid tri luu luong tai vi tri d6 duoc
thay bang gia tri ndi suy giira cac luu luong
trudc va sau tran mua. Hinh 4 thé hién cac
duong qua trinh luu lugng mua ki€t cua 35 nam
(tir ngay 1/1 dén ngay 30/4) sau khi hiéu chinh
b6 cac tran mua. Cac duong nay gan nhu la
nhirng duong con tron, vadi cac gia tri luu lugng
giam dén lién tuc. Hinh v& cling cho thay, trong
thoi gian dau, do giam cta luu lugng nhiéu hon
thé hién qua do dbc cua cac duong, con vé sau
murc d6 giam nay ciing giam dan.
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Hinh 4: Puong qud trinh luu lwong
hi¢u chinh trgm Thanh My

3.2. Tinh toan vé dudng suy giam theo tan suat

Céc s6 liéu luu luong tir cac dudng cong hiéu
chinh ¢ trén dugc su dung dé tinh toan vé& cac
duodng tan suat tuong tng véi mic P=20%, 50%,
80%. Hinh 5 thé hién duong qua trinh suy giam
theo céc tan suat 20%, 50%, 80%. Puong tuong
{mg v&i tan suat P=20% thé hién luu luong 16n
nhét va phan b & trén cung, trong khi d6 duong
ung voi P=80% ¢ phia dudi cung. Viéc lua chon
3 tan suat nay nham dam bao tinh dai dién cho cac
nam nhiéu nude, it nude va trung binh nude. Néu
dong chay dau mua kiét roi vao tan suét tir 35%
tré xudng thi c6 thé xem day 1a nam nhiéu nudc;
tir 35% dén 65% thi c6 xem 1a nam trung binh
nudc; nguoc lai tr 65% trd 1én thi co thé duge
xem la ndm it nude. Viéc phan chia nhu vay tao
thuén loi dé phan bi¢t cdc nam nhiéu, it va trung
binh nudc. Ngoai ra, trong qua trinh st dung
dudng suy giam, khi Q dAu mua roi vao khoang
gié tri ndo thi ta s& Iy phuong trinh twong tng véi
khoang gia tri d6 dé xac dinh duong suy giam,
viéc ndy s& trinh bay k§ hon ¢ phan sau.
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Hinh 5: Biéu do dwrong suy giam mua kiét
tragm Thanh My theo tan sudt

3.3. Kiém dinh két qua duong suy giam

Dé tién hanh kiém dinh dudng cong suy giam
theo tan suét, ta léy luu luvgng thuc do tai cac
nim c6 luu luong ddu mua kiét ndm & trong
cic khoang tan sudt di v& va tién hanh so
sanh. Két qua cho thiy cac nim 1997, 2005,
1982 ¢6 luu lugng ddu mua kiét twong tng véi
cac tan suat lan lugt 1a 20%, 80%, va 50%.
Két qua so sanh nay duoc thé hién trén hinh
6. D6i v6i nam 1997, duong luu lugng thuc
do nam kha sat duong du bao tan suit 20%.
Riéng doan tir ngayl/1 dén ngay 10/1, sai
khac nhiéu do anh hudéng bai mua va 1 cubi
mua 18 ndm 1997, lam cho luu lugng trong
thoi gian dau & murc cao hon so voi gié tri cua
duong P=20%. Céic nam 1982, va 2005,
duong luu lugng thuc do bam sat duong 80%
va 50%. Két qua cho thay cac duong thuc do
va duong suy giam theo tan suit bam sat nhau
va qua trinh suy giam phu hop véi xu thé
chung. Két qua so sanh cu thé duoc thé hién
trén bang 1. Hé s6 Nash va hé sb tuong quan
duoc thé hién trén bang 2. Cac hé sb dat duoc
déu ¢ muc cao va diéu nay ching to biéu dd
duong suy giam theo tan suat kha phu hop cho
viéc du bao dong chay dén.
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Hinh 6: Biéu do kiém dinh dwong suy giam
trgm Thanh My

Bang 1: Panh gia két qua sai khac giira luu lweng thwe do va lwu lwong
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dw béo tai dau thoi ky mua kiét (don vi: m3/s)

. 1982 1997 2005

Ngay

Qu Qut Qu Qut Qu Qut
01/01 164,0 164,0 238,0 238,0 87,2 87,2
06/01 137,0 145,3 189,0 204,7 76,6 78,3
11/01 122,0 129,6 215,0 177,7 77,2 70,6
16/01 113,0 117,0 150,0 156,8 66,7 64,2
21/01 106,0 107,4 132,0 142,2 61,0 59,0
26/01 89,8 100,9 122,0 133,7 56,2 55,1
01/02 103,0 97,1 104,0 1315 52,3 52,1
06/02 79,0 92,0 104,0 126,0 49,1 47,2
11/02 73,0 87,2 94,2 120,7 459 429
16/02 68,0 82,7 90,4 115,3 45,6 39,4
21/02 60,7 78,5 86,7 110,0 44.8 36,6
Ngay 1982 1997 2005

Qu Qut Qu Qut Qu Qut
01/03 52,8 72,4 75,6 101,7 42,4 33,6
06/03 60,7 70,2 70,2 97,5 41,6 32,4
11/03 48,5 68,1 65 93,7 36,4 31,1
16/03 43,5 65,9 73,8 90,4 36,4 29,6
21/03 39,2 63,9 58 87,5 44 5 28,0
26/03 37,4 61,9 55,5 85,1 47,8 26,2
01/04 38 59,5 52,1 82,8 35,5 23,9
06/04 38 58,1 55,5 81,0 33,8 22,3
11/04 52,8 56,9 70,2 79,2 31,9 20,6
16/04 37,4 55,8 60,6 77,5 29,9 19,0
21/04 36,8 54,8 59,8 75,8 27,8 17,4
26/04 47,9 54,0 52,9 74,2 30,8 15,7
01/05 35 53,4 68,5 72,6 31,9 14,1

Bang 2: Panh gia d tin cay két qua dw bdo  3.4. Xay dung phwong trinh dwdng suy giam
theo dau mua kiét tram Thanh My

Pé thuc hién du bao luu luong mua kiét ta tién

hanh xay dung phuong trinh twong quan theo
chudi thoi doan 1 thang dua vao két qua tinh

toan tin suat 20%, 50%, 80% & trén. Thdi doan

tinh toan tir ngay 1/1 dén ngay 1/5 trong thoi

Nam Nash Twong quan R?
1982 0,780 0,967
1997 0,769 0,961
2005 0,558 0,965

gian bén thang. Cac phuong trinh suy giam
twong Gmg voi timg thang dugc thé hién trén

hinh 7.
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Hinh 7: Biéu do phwong trinh dwong suy giagm mua Kiét tgi thang 1(a); 2(b); 3(c); 4(d)

3.5. Danh gia dd tin cAy phwong trinh dwong trinh tan suit 50%; nim 1997 dy doan theo

suy giam

Duya vao cac phuong trinh du doan dugc xay
dung ¢ trén ta tién hanh dy béo thur cho mot vai
nam. Két qua so sanh luu lugng ban dau cho
thay cdc ndm 1982 s& du doan theo phuong

phuong trinh tan sudt 20%; va nam 2005 du
doan theo phuong trinh tan suat 80%. Két qua
thuc do va két qua du doan theo phuong trinh
dugc thé hién trén cac bang 3. Trong d6, Qu,
Qpt lan luot 14 luu luwong thuc do va luu luong
tinh toan tir phuong trinh.

Biang 3: Panh gia két qua sai khac giira luu lwgng thue do
va luu lwgng du bao theo thang tram Thanh My (don vi: m?/s)

Ngay 1982 1997 2005

Qua Qpt Qu Qpt Qu Qpt
01/01 164,0 164,0 238,0 238,0 87,2 87,2
06/01 137,0 145,3 189,0 204,7 76,6 78,3
11/01 122,0 129,6 215,0 177,7 17,2 70,6
16/01 113,0 117,0 150,0 156,8 66,7 64,2
21/01 106,0 107,4 132,0 142,2 61,0 59,0
26/01 89,8 100,9 122,0 133,7 56,2 55,1
01/02 103,0 94,4 104,0 104,0 52,3 52,3
06/02 79,0 89,3 104,0 98,6 491 47,4
11/02 73,0 84,5 94,2 93,2 459 43,2
16/02 68,0 80,0 90,4 87,8 45,6 39,7
21/02 60,7 75,8 86,7 82,6 44.8 36,8
26/02 57,5 72,0 83,0 77,3 39,3 34,7
01/03 52,8 52,8 75,6 75,6 42,4 42,4
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Ngay 1982 1997 2005

Qtd th Qtd th Qtd th
06/03 60,7 50,6 70,2 71,4 41,6 41,2
11/03 48,5 48,4 65 67,6 36,4 39,9
16/03 43,5 46,3 73,8 64,3 36,4 38,4
21/03 39,2 44,2 58 61,5 44,5 36,8
26/03 37,4 42,2 95,5 59,1 47,8 35,1
01/04 38 38,0 52,1 52,1 35,5 35,5
06/04 38 36,6 55,5 50,3 33,8 33,9
11/04 52,8 354 70,2 48,5 31,9 32,2
16/04 37,4 34,3 60,6 46,7 29,9 30,6
21/04 36,8 33,3 59,8 45,1 27,8 29,0
26/04 47,9 32,5 52,9 43,4 30,8 27,3
01/05 35 31,7 68,5 41,5 31,9 25,4

Bang 4: Panh gia @ tin cay két qua dw béo
theo thang tram Thanh My

Nim Nash Twong quan R?
1982 0,909 0,959
1997 0,907 0,961
2005 0,896 0,960

Tir bang 4 cho thay chi s6 Nash va hé s tuong
quan R? trong viéc du bao theo thang déu dat
murc cao (> 0,9) va du bdo tai dau thoi ki mua
kiét dat mac tét (>0,75). Riéng nim 2005, két
qua md phong dy bao cho hé sd Nash chi dat
0,558 & muc trung binh. Piéu nay 1 do dau thoi
ky mua kiét nam nay khi vira két thuc tran 14 lai
tiép tuc c6 lwong mua bd sung & thang 1.

Pé dy bao luu luong & mot thoi diém bat ky
trong mua kiét, dua vao két qua tinh todn qua
trinh luu lwong tir du mua kiét dén thoi diém
dang xét va xac dinh vi tri trén biéu do duong
suy giam rdi dé ap dung cac phuong trinh tuong
tg. Tir @6 ¢6 thé du bao duge xu thé thay doi
luu lugng trong thoi gian con lai cia mua kiét
va gitp dua ra ké hoach sir dung nuéc hiéu qua.
Trong nghién clru nay nhom tac gid chi xay
dung cho 3 duong tan suét dai dién. Néu gia tri
lru lwong roi vao cac dudng tan suat chua duoc
xay dung thi viéc du bao vin tién hanh duoc

theo phuong phap ndi suy hoic lay theo dudng
dac trung cua khoang, tuy nhién do chinh xéc
c¢6 thé giam xudng. Cu thé néu Q diu mua roi
vao khoang pham vi tan suét tir 5% dén 35% thi
kién nghi sir dung phuong trinh tan suat 20%;
néu Q dau mua roi vao khoang tir 35% dén 65%
thi c6 thé sir dung phuong trinh tan sudt 50%;
con trén 65 % thi sir dung phuong trinh tan suat
80%.

4. KET LUAN

Bai bao nay di nghién ctu dé xudt dugc
phuong phap xdy dung biéu d6 duong suy
giam dong chay mua kiét va 4p dung thanh
cong cho luu vyuc Thanh My. Cac duong suy
giam dugc xdy dung theo cac tan suit tinh
toan vai céc sb liéu do dac trong thoi gian dai
nén c6 tinh téng quat cao, do tin cdy lon.
Ngoai ra cac duong suy giam nay dugc lugng
hoa dudi dang cac phurong trinh nén réat thuan
loi va tranh sai s6 chu quan khi str dung. Viéc
xay dyng thanh cong biéu d6 duong suy giam
mua kiét s& 1a co s& dé du bao dong chay thoi
ky mua kiét, phuc vu cho viéc lap ké hoach st
dung nudc mot cach hi¢u qua. Mat khac
nghién ctru ciing cho thdy phwong phap dé
xuét xay dung don gian va ¢ thé ap dung cho
céc luu vuc khéc tir d6 nang cao kha nang du
bao dong chdy mua kiét cua luu vuc do.
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KHOA HOC CONG NGHE

LOI CAM ON

Bai bao nghién ciru nay duoc nhan duoc su hd tro tir B Gido duc va Pao tao thong qua dé tai
mang ma s6 B2021-DNA-13.

TAI LIEU THAM KHAO

[1] Arciniega-Esparza, Saul, José Agustin Brefia-Naranjo, Adridn Pedrozo-Acufa, and
Christian Mario Appendini. 2017. “HYDRORECESSION: A Matlab Toolbox for
Streamflow Recession Analysis.” Computers & Geosciences 98: 87-92.

[2] Biswal, Basudev, and D Nagesh Kumar. 2014. “What Mainly Controls Recession Flows in
River Basins?”” Advances in Water Resources 65: 25-33.

[3] Biswal, Basudev, and D Nagesh Kumar. 2014. “Study of Dynamic Behaviour of Recession
Curves.” Hydrological Processes 28 (3): 784-92.

[4] Perzyna. 1993. “Parameter Estimation from Short Observations of Low Flows: In Derived
Frequency Distributions for Low Flows; Inst. Geophys., University of Oslo.”

[5] Reddyvaraprasad, Chillara, Swagat Patnaik, and Basudev Biswal. 2020. “Recession Flow
Prediction in Gauged and Ungauged Basins by Just Considering Past Discharge
Information.” Hydrological Sciences Journal 65 (1): 21-32.

[6] Tague, Christina, and Gordon E Grant. 2004. “A Geological Framework for Interpreting the
Low-flow Regimes of Cascade Streams, Willamette River Basin, Oregon.” Water Resources
Research 40 (4).

[7] Tallaksen, L M. 1995. “A Review of Baseflow Recession Analysis.” Journal of Hydrology
165 (1-4): 349-70.

[8] Tashie, Arik, Charles I Scaife, and Lawrence E Band. 2019. “Transpiration and Subsurface
Controls of Streamflow Recession Characteristics.” Hydrological Processes 33 (19): 2561—
75.

[91 Thomas, Brian F, Richard M Vogel, Charles N Kroll, and James S Famiglietti. 2013.
“Estimation of the Base Flow Recession Constant under Human Interference.” Water
Resources Research 49 (11): 7366-79.

[10] Wang, Dingbao, and Ximing Cai. 2010. “Recession Slope Curve Analysis under Human
Interferences.” Advances in Water Resources 33 (9): 1053-61.

[11] Wang, Hao, Dayong Qin, Jiliang Sun, and Jianhua Wang. 2001. “Study on the General
Model of Hydrological Frequency Analysis.” Science in China Series E: Technological
Sciences 44 (1): 52-61.

8 TAP CHi KHOA HOC VA CONG NGHE THUY LQ1 SO 70 - 2022



