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SO SANH CAC MO HINH KHAC NHAU CHO UOC TINH
BOC THOAT HOI NUOC THAM CHIEU
VUNG PHIA NAM VIET NAM
Tran Thi Hong Ngoc!, Mark Honti?

Tém tit: Sy boc thoat hoi nude tham chiéu (ETy) la mot tham 56 quan trong can dwoc wde tinh
chinh xdc dé tang cueong tién ich trong nhiéu tmg dung. Trong bai bdo nay, ba mé hinh Penman-Mon-
teith;, Hargreaves & Samani, Priestley & Taylor dwoc su dung dé worc tinh ETybang div liéu khi
twong cua ving Tir gide Long Xuyén An Giang giai doan 2010 - 2015. Céc két qud ciia mé hinh dwoc
so sanh va tinh chinh xdc cua cac moé hinh dwoc danh gia dwa trén mo hinh Penman-Monteith tiéu
chudn nham phuc vu cho cdc nha lanh dao trong viéc quan 1y, quy hoach, tinh todn nhu cau nwée
cho thiét ké cong trinh thity loi trong diéu kién khi hdu viing Tir gide Long Xuyén An Giang, mién
Nam Viét Nam. Két qud cho thdy, mé hinh Hargreaves & Samani, Priestley & Taylor va Penman-
Monteith co gia tri ET) lan luot 1a 4,83; 4,24 va 3,73. Sai s6 ciia ba mé hinh dwoc ddanh gid la nhu
nhau. M6 hinh Hargreaves & Samani c6 sw tiwong quan rat chdt giita ETyva nhiét dé hon hai mé
hinh kia véi hé s6 R*=0,89. Tuy nhién, mé hinh nay ciing nhu mo hinh Priestley & Taylor lai that
bai trong phén tich méi twong quan giita ETy va thong sé birc xa so véi mé hinh Penman-Monteith
(R°=0,85). Dua vao dir liéu san c6, mo hinh Penman-Monteith duoc dé xudt sir dung va thu thdp cac
dir liéu khi twong can thiét trong khu viec dé wéc tinh ETy phuc vu cho viéc tinh toan nhu cau nudéc
trong nong nghiép, thuy san va quy hoach thiét ké cong trinh thuy loi cho vung nghién citu trong
twong lai.

Tir khéa: Boc thodt hoi nuée, ET), Hargreaves & Samani, Priestley & Taylor, Penman-Mon-
teith, Tiwr giac Long Xuyén - An Giang.
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1. Giéi thi¢u

Su bbc hoi (ET) 1a thuét ngir dung dé mo ta
téng lugong bdc va thoat hoi thuc vat tir bé mat
trai dat dén khi quyén trong mot thoi gian dai dé
lam sang to mdi quan hé véi lugng mua hang
nim [14], [11]. P4y 1a bién sb quan trong trong
nghién ctru thuy van. ET dugc st dung cho quy
hoach nong nghiép, do thi, 1ap ké hoach tudi tiéu
cho cic mo hinh ting truong cdy trong, nghién
ctru can bang nudc khu vuc va phan ving khi
hau ndng nghiép, thiét ké va van hanh hé théng
tudi tiéu [5]; [12]; [29]. Cac phép do truc tiép
cta ET trén khap thé gi6i rat hiém do do, thiéu
dit liéu quan sat thuc té dé cung cép co hoi nang
cao chit lugng cho cac md hinh thily van khac
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nhau, vi do truc tiép ET thyc hién boi cac k¥
thuat vi luong tir cao, chi phi rat dat [23]. Ngudi
ta du doan rang tac dong truc tiép cia bién doi
khi hau 1én tai nguyén nude cha yéu 1a su bdc
thoat hoi nudc. Thay d6i vé thuy van tao nén mot
trong nhing tac dong tiém ning quan trong nhat
1én sy thay d6i khi hau toan cau trong viing nhiét
d6i [9]. RS rang 1a su thay d6i khi hau s& 1am
tang nhiét d6 vathay d6i mé hinh lugng mua.
Nhiét do cao s€ gay ra sy bdc thoét hoi nude cao,
didu nay s& anh huong dén hé thong thuy van va
ngué)n nude [21]. Do d6, dinh lugng chinh xac
gia tri ET 1a rit quan trong va can thiét d6i véi
viéc quan 1y cac nguén nudce lau dai, cling nhu
thiét ké va van hanh cac cong trinh thuy loi dac
biét cho vung dat c6 nhiéu cay trong trong diéu
kién bién d6i khi hau nhu hién nay.

Xét thm quan trong cua ET, trudc nam 1938,
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Veihmeyer tu Pai hoc California st dung
phuong phap trong luc dé ude tinh sy bdc thoat
hoi nuée cho cdy trong [8]. Trong 50 nim qua,
gan 700 phuong phap thuc nghiém xac dinh ET
da duoc xuét ban véi nhiéu vung khi hau khac
nhau [1]. Cac phuong phap nay, uéc luong ET
béng cong thirc toan hoc dua trén su hiéu biét
ctia ho [6]. M6t s trong nhitg phuong phép nay
bao gdm Penman [16], Jensen-Haise [10],
Blaney-Criddle [4], Hargreaves-Samani [7];
Thorn-Thwaite [22], Van Bavel [30]....... [2].
Sau d, cling c6 nhiéu nha khoa hoc trén thé gioi
d3 xem xét va hiéu chinh lai mot sé phuong phap
uée tinh ET mot cach chi tiét va chuan xac hon
cho mot s6 mé hinh trude d6 nhu Szilagyi [20],
Sellers [19]; Webb [31]; Rosenberg [ 18] va Tan-
ner [26]....Mdi phuong phap c6 wu diém riéng
va ap dung cho mdi ving khi hau cy thé. Mot s6
phuong phap nay vé co ban 14 phién ban stra doi
ctia cac phuong phap khac. Méi quan tim chinh
trong viéc udc tinh ET 1a d0 tin cay va tinh chinh
xéac ctia cac phuong phap [5].Vi nhiéu phuong
phap da duoc phat trién tir mot quan diém nhat
dinh cho mot khu vuc khi hau cu thé, do d6 ho
thuong that bai dé ude tinh luong bdc thoat hoi
nude co6 thé xay ra trong diéu kién vung khi hau
khac. Py ciing 1 van d& thach thic trong viée
du bao chinh xac gia tri ET. Vi nhiing ly do nay,
viéc chon ra mo hinh phu hop véi khi hau khu
vuc cling nhu tinh san c¢6 cua dit lidu 1a rit can
thiét. Trong bai bio nay, mo hinh Hagreaves &
Samani, Priestley & Taylor va m6 hinh Penman-
Monteith dwgc st dung dé so sanh tinh hiéu qua
va do tin cay trong viéc udc tinh ETo cho vung
khi hau Tt giac Long Xuyén - An Giang, phia
Nam cuta Viét Nam.

2. Phuwong phap

2.1. Vang nghién ciru

Tinh An Giang nam ¢ ddu ngudn Dong bang
song Cuu Long, dién tich dét 1a 353.666,85 ha
chiém 70,74% dién tich ving TG giac Long
Xuyén, dan s6 toan tinh An Giang tinh dén nam
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2014 1a 2.155.757 nguoi [15]. Dia hinh (dugc
gidi han boi 10°11°dén 10°58°Vi do Bic; tir
104°46° ¢én 105°35°Kinh d6 Dong) twong ddi
bang phing, hon 80% dién tich tw nhién c6 cao
trinh 1 m; 10% c6 cao trinh ttr 0.4 - 2.0 m; 10%
dién tich ddi nui c6 cao trinh tir 2 - 700 m [25].
T giac Long Xuyén - An Giang nam trong viing
khi hau nhiét d&i gi6 mua, nong am quanh nam,
nhiét do trung binh tir nam 2010 - 2015 dao dong
trong khoang 24,6°C - 30,4°C, tong gid nang
trong nam 180,9 - 268 gio, d6 4m binh quan 81
- 82%][15]. Khi hau An Giang chia lam 02 mua
ro rét mua mua va mua kho; mua mua tir thang
5 - 11, mua kho tur thang 12 - 4 nam sau. Khi
hau, thoi tiét kha thuan loi cho phat trién nong
nghiép. Dién tich trong la 625.917 ha (2014),
ning suét la cta tinh An Giang nim 2014 13
6,43 tn/ha, san luong lua héng nam cua tinh
4,022 triéu tan chiém 20% san luong lua Pong
bang song Ctru Long da gop phan quan trong
trong viéc dam bao an ninh luong thuc quéc gia,
dong gop dang ké vao viée xuat khau gao ca
nuée[15]. Ngudn nude duge st dung cho trong
laa va hoa mau lay tir hé thong song Mékong (tir
Campuchia chay qua Viét Nam theo hai con song
chinh 14 song Tién va song Hau). Hé thong song
rach thudc mirc cao nhit trong ving Pdng bang
song Ciru Long, dap tmg du nhu cau nudc cho
san xuit va sinh hoat cuta tinh.

2.2. Dir liéu khi twong thuy vin

Dir liéu khi tugng thily van hang thang (nhiét
do khong khi, do am tuong ddi, lugng mua) cod
trong cac Nién giam Thong ké va Thuy vin cua
tinh An Giang trong 6 nam qua (to nam 2010 -
2015). Bé dam bao tinh manh mé& trong tinh toan,
viéc so sanh, danh gia tinh hiéu qua ctia cac mo
hinh bdc thoat hoi nudc tham chiéu cia 3 mod
hinh Hagreaves & Samani, Priestley & Taylor va
mo hinh Penman Monteith dugc thuc hién trong
diéu kién khi hau ving Tt giac Long Xuyén An
Giang, mién Nam cua Viét Nam.
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Hinh 1. Ban do Tir gidc Long Xuyén-An Giang

2.3. Phwong trinh clia Penman Monteith

Phuong phap Penman-Monteith [13] 1a ham
s6 phu thudc nhiéu thong sb thoi tiét tai chd va
chung quanh khu vuc khao sat. N6 ¢6 co so 1y
thuyét vitng chic cho viéc tinh toan lwong boc
thoat hoi nudc ET qua phuong trinh dudi day:

0,408A(R, ~G) + 7 — 2 u,(e,~€,)
ET = T+273 (1)
0 A+ y(1+0,34u,)
Trong do:

ETo: Lugng béc thoat hoi tham chiéu chung
d6i vi cdy trong (mm/ngay)

R, : Blrc xa mit troi trén bé mit cay trong
(MJ/m?*ngay);

G: Mat do dong nhiét trong dat (MJ/m?/ngay)

T: Nhiét do trung binh ngay tai vi tri 2m tr
mit dat (°C)

u2: Toc @6 gio tai chiéu cao 2m tir mat dat
(m/s)

ex: Ap suat hoi nudc bao hoa (kPa);

ea: Ap suat hoi nudc thyc té (kPa)

A: Py ddc cua ap suat hoi nude trén duong

cong quan hé nhiét do (kPa/°C);

¥ : Hang s6 am (kPa/°C).

2.4. Phwong trinh cua Hargreaves &
Samani [7]
ETo = atb 0,0023(T+—T»)0,50 (T+17,8)Ra/A (2)

Trong do:

ETo: Luong bdc thot hoi tham chiéu chung
d6i v6i cdy trong (mm/ngay)

T+ : Nhiét do t6i da hang ngay (°C),

T» : Nhiét do t6i thiéu hang ngay (°C),

T : Nhiét d6 trung binh hing ngay,

T= (T«+Tn)/2;

Ra : Blrc xa mit troi trén bé mit cay trong
(MJ/m?/ngay);

A : Nhiét béc hoi tiém nang (MJ kg—1).

Hé sdavabco gia tri mac dinh laa =0 va
b=1.

2.5. Phwong trinh cva Priestley-Taylor [17]

-G
E%ﬁ(Ai"”)a 3)
Trong do;
R, Buic xa mit tri trén bé mit cay trong(MJ
m?/ngay);

G: Mat do dong nhiét trong dat(MJ m*/ngay)

y: Hang s6 psychrometric

A : D6 dbc cua ap suat hoi nude trén duong
cong quan hé nhiét d6 (kPa/°C);

o : Hé s6 Priestley-Taylor

A = Nhiét bdc hoi tiém ning (MJ kg—1).

3. Két qua

Két qua tinh toan cho thiy, gia tri ETo cia mo
hinh Hargreaves-Samani dao dong trong khoang
4,14 - 6,29 mm/ngay, trung binh 4,83 £+ 0,46
mm/ngay, cac thang c6 gia tri ETo cao nhat 1a tir
thang 12 - 5 va giam dan tir thang 6 - 11.Trong
khi do, gia tri ETo cia mo hinh Priestley-Taylor
dao dong trong khoang 3,2 - 5,14mm/ngaytrung
binh 4,24 + 0,46mm/ngay, cac thang co gia tri
ETocao nhét 1a cac thang mua khothang 3, 4, 5,
thap nhét 1a thang 9. Twong tu nhu mo hinh
Priestley-Taylor, mé hinh Penman-Monteith c6
gia tri ETo cao nhat van 14 thang 3, 4, 5, thang
thap nhat ciing la thang 9. Tuy nhién, gia tri ETo
trung binh ngay tai mdi thang thap hon so véi
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mo hinh Priestley-Taylor va Hargreaves-Samani.
Gia tri ETodao dong trong khoang 2,94 - 4,51
mm/ngay, trung binh 1a 3,73 £ 0,34 mm/day
(Hinh 2, Bang 1).

Qua d6 cho thiy, ba mé hinh khac nhau cho
két qua ETo khac nhau. M6 hinh Penman-Mon-
teith c6 gia tri wdc tinh ETo thip nhat so v6i hai
mo hinh con lai va dat 1.364 mm/nam, trong khi
d6 mo6 hinh Hargreaves va Priestley-Taylor c6
gia tri ETola 1.76 Imm/nam va 1.549 mm/nam
tuong Gmg. So sanh gia tri sai s6 ETo trung binh

ctia cic mod hinh, két qua cho thay phan trim gia
tri sai s6 ETo ctia mé hinh Hargreaves 1a 9,55%,
trong khi d6, mo hinh Priestley-Taylor la
10,85%, mo hinh Penman-Monteith 1a 9,11%.
Kiém dinh théng ké phan trim sai sb trung binh
ctia ba mo hinh, két qua cho thay khong co su
khac biét ¥ nghia théng ké v& phan tram sai s6
trung binh ETo ¢ ca 3 mo hinh véi mirc d9 tin cay
95%. Diéu nay c6 nghia la tit ca cac md hinh déu
dat dugc su bién thién sai s6 ETo tuong dbi nhu
nhau.

-

ETOmm/ngay
o — [ ] iy B LA o

Thin| 40 | Ba

|2 mt

m Priestley-Taylor

Toe Nim Sau

m Hargreaves- Samani| 4.58 | 523 | 534|629 521 477 468 4.65 437 4.43 4.14 | 4.2
3.88 436 |5.14 | 5.01 5.03
W Penman-Monteith | 3.45|3.89 | 4.51 | 446 442 349 34

Bay Tam Chin Muoi MUOt Mudi
| mot | hai |

3.92 43232 434406 3.62 |
13.73]2.94] 3.7 [3.59]3.23 |

4.01

Hinh 2. Gia tri ETy (mm/ngay) cua mo hinh Hargreaves, Priestley, Penman

Dé danh gia tinh chinh xac cua cac md hinh,
phén tich mdi twong quan gitra ETo va nhiét do
da duoc thuc hién. Két qua cho théy, gia tri boc
thoat hoi nudc ETo c6 tuong quan rat chit véi
nhié¢t do trong phuong trinh Hargreaves vdi hé
s6 twong quan R?= 0,895. Trong khi d6, hé sb
twong quan cua phuong trinh Priestley-Taylor va
Penman-Monteith 1an lugt 1 0,64 va 0,72 tuong
tmg (Hinh 3). Sy twong quan gitta gia tri bdc

thoat hoi nudc ETo va thong sb buc xa ciing
dugc phan tich. Két qua 1a mé hinh Penman-
Monteith c6 sy tuong quan rat chit giita thong
s6 birc xa va ETo hon so voi hai md hinh con lai
v6i hé sb twong quan 1a R?= 0,85. Trong khi hé
s6 twong quan ctia mo hinh Hargreaves va Priest-
ley-Taylor lan luot 12 0,40 va 0,32 twong Ung
(Hinh 4, 5, 6).

250 ¢ ET of Penman MET of Taylor A ET of Hargreaves
%ﬂ 200 - y= 42429.21n(x) - 24149
2 R2=10.8948 _
= i T v= )- 19923
£ 150
£ wEis =(.6442
5 100 1 y=3163.6In(x) - 17975
2=
E 50 R2=0.7215
O T T 1 1 I
302 303 304 305 306 307 308

Nhiét d9 tbi da (K)
Hinh 3. Sy twong quan giita nhiét do va (ETy) cua ba mé hinh: Priestley-Taylor, Hargreaves va
Penman-Monteith.

TAP CHi KHi TUQNG THUY VAN

S thang 11 - 2017



50
45_ &
40 - .
L)
354 ¢
30 ~
25 A
20 A
15 A
10 A

y =2.926x+26.846
R*=0.405

Ra MJ m2 d-1

0 T T

4 5 6 7
ET,mm/day

Hinh 4. Sy twong quan giita R. va ETy trong
phuwong trinh Hargreaves

BAI BAO KHOA HQC

40
*» *
351 @
o ®
- 30 - ¢
=]
B 25 - y =2.333x+25.422
= R2=0.3272
=~ 20 1
&
15 -
10 . ;
3 4 5 6
ETy;mm/day

Hinh 5. Sy twong quan gitta R, va ET) trong
phwong trinh Priestley - Taylor

23

20

15 -

10 1

Ra MJ m2 31

y=43406x + 19613
Br=108534

0 T T T
3 36

38 4 42 44 446

ETj mm/day

Hinh 6. Su twong quan giita R, va ETy trong phwong trinh Penman - Monteith

Piéu nay cho thay rang cac mo hinh don gian
khong co su két hop buc xa bét budc theo mot
cach ding dan. Do do6, ching toi két luan riang
cac mo hinh don gian hon khong hitu ich cho
viéc tinh toan su bdc thoat hoi nudce tham chiéu
O cac vung nhiét déi ma khong hi¢u chinh lai
theo dia diém cu thé. Tir Iy do do, t6i d& nghi st
dung mé hinh Penman-Monteithcho udc tinh
ET, van 1 cach tdt nhit. Béi vi mot Iy do ntra,
kiém tra su khac biét ETo trung binh ngay ctia ba

md hinh bang phép thir Duncan trong phan tich
ANOVA, két qua cho thdy c6 sy khac biét rat y
nghia thong ké vé gia tri trung binh ETo (ké ca
mua ning va mia mua) & ca ba mé hinh véi mirc
do tin cay 95%. Diéu nay khang dinh mot lan
nira, hai mo hinh don gian cua Priestley - Tay-
lor, Hargreaves 1a khong chuan xéc trong tinh
toan ETo trong diéu kién khi hau mién Nam, Viét
Nam (Bang 1).

Bang ssl. Phdn tich ANOVA dé kiém dinh su khdac biét ETyciia mé hinh Priestley - Taylor,
Hargreaves va Penman - Monteith.

M5 hinh Tinh c4 nim Mua kho Mua mua
ET) (mm/ngay) ET) (mm/ngay) ET) (mm/ngay)
Penman-Monteith 3,73"+0.34 3,90* 3,61°
Priestley-Taylor 4,24 + 0,46 4,40" 4,12°
Hargreaves 4,83+ 0,46 5,13¢ 4,60°¢

Ghi chit: Céc chi cdi khac nhau cé sw khéc biét ETy cé y nghia thong ké, tin cdy 95%.
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4. Thao luin va két luan

Két qua tinh toan cho thiy gia tri ET trong khu
vuc khdo sat dao dong tur 1.364 -
1.76lmm/nam.Vao mua mua, gia tri ETo vao
khoang 3,6 - 4,6 mm/ngay, mua kho khoang 3,9
- 5,13 mm/ngay, gia tri trung binh dao dong trong
khoang 3,73 - 4,83 mm/ngay. Theo nghién ctru
cua Seyed (2009) cho vung khi hau phia Nam cua
Kuala Lumpur, Malaysia gia tri ETo dao dong
trong khoang 3,91 - 4,89 mm/ngay [24].Trong
khi do, gia tri ETo dugc nghién ctru boi Nurul
(2012) & Malaysia nam trong khoang 4.0 - 5,0
mm/ngay, gia tri ETo cao nhat dugc tim thiy
trong thang 2, 3, 4, gia tri ET, thdp nhat vao
thang 9, 10, 11[14]. Dit liéu nay tuong dbi phu
hop véi gia tri ETo & mién Nam Viét Nam tai giai
doan nghién ctu (2010 - 2015) cua chung toi.
Nhirng thap nién 80, gia tri ET binh quan & vung
nhiét déi khoang 5,0 - 7,0 mm/ngay [28]. Céc gia
tri nay du kién thay d6i tiry thudc vao cac yéu tb
cu thé vé dia diém cling nhu sy twong tac khi hau
theo mua va nhiing khac biét trong canh tac [28].

Trong s6 3 phuong phap tinh ET, néu duya trén
mdi quan hé nhiét do thi phwong phap
Hargreaves cho thiy kha ning udc luong ET véi

sai sO t6i thiéu hon so véi phuong phap
Priestley Taylor va Penman - Monteith. Néu dua
trén quan hé btrc xa, thi phuong phap Penman-
Monteith cho uéc lugng ETo 1a hiéu qua nht.
Diéu nay chimg to rang ca phuong phap dua trén
mdi quan hé nhiét 46 va phuong phéap dya trén
quan h¢ buc xa déu c6 uu va nhuge diém cua
riéng minh trong viéc udc lugng ET trong vung
nghién ctru. Tt phan tich trén va nhitng dir li¢u
san c6, md hinh Penman-Monteith dugc dé xuét
su dung va thu thap thém cac dir li¢u khi tugng
can thiét dé phu vu cho vié¢c tinh toan ET cho
vung Tt gidc Long Xuyén An Giang, mién Nam
Viét Nam. Dy kién rang nghién ciru s& ¢ 1gi cho
cac bén lién quan, dac bi¢t la cac nha quan ly
ngudn nude,cac nha nghién ctru thuy van, cac to
chtrc nong nghiép va cac co quan moi truong dé
nang cao hiéu biét cta ho vé cac phuong phap
wa chudng dé uée tinh ET trong diéu kién khi
hau ving nhiét doi. Hy vong rang véi sy phan
tich d¢ tin cay cua cac phuong phap s€ giup cac
nha khoa hoc ¢6 su lua chon mé hinh tdt va phu
hop nhit vé tinh sin c6 cua dir liéu khi tuong
phuc vu cho muc dich nghién ctru cia minh.
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THE COMPARISON OF DIFFERENT METHODS IN ESTIMATING
REFERENCE EVAPOTRANSPIRATION IN SOUTHERN OF VIETNAM

Tran Thi Hong Ngoc!, Mark Honti?
! Faculty of Environment - Technology - Engineering, An Giang University
MTA-BME Water Research Group, Hungarian Academy of Sciences, Budapest,
Miegyetem rkp. 3, 1111 Hungary.

Abstract: Reference evapotranspiration (ETo) is an important parameter that needs to be esti-
mated accurately for numerous hydrological and water resources applications, such as planning ir-
rigation. In this paper, three models of ETo, the Penman-Monteith, the Hargreaves & Samani, and
the Priestley & Taylor models are used to estimate ET0 by the meteorological data of Long Xuyen
Quadrangle-An Giang from 2010 - 2015. The model results are compared and their accuracy is
evaluated in reference to the standard Penman-Monteith as a benchmark. It is evaluated how these
models could be applied in management, planning and calculating of water demand to design for
irrigation works in Long Xuyen Quadrangle - An Giang, Southern Vietnam. The results showed that
the ET0 values of Hargreaves & Samani, Priestley & Taylor and Penman-Monteith models were
4.83; 4.24 and 3.73 respectively. The errors of three models were similar. The Hargreaves & Samani
model correlated strongly between ETy and temperature than the other two with R’ = 0.89. However,
this model, as well as the Priestley & Taylor model, failed in analyzing the correlation between ETy
and radiation parameter compared to the Penman-Monteith model (R°= 0.85). Based on available
data, the Penman-Monteith model was proposed to use and collect the required meteorological data
in the area to estimate ETy for the calculation of water demand in agriculture, aquaculture and plan-
ning of the design of irrigation works for research areas in Southern Vietnam in the future.

Keywords. ET), Hargreaves & Samani, Priestley & Taylor, Penman-Monteith, Long Xuyen
Quadrangle - An Giang.
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