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1. MO DAU

Bién d6i khi hau (BPKH) hién nay dang 1a van dé¢ quan tim ciia toan nhan
loai. M6t trong nhiing nguyén nhan lam Trai D4t nong dan 1én 14 hiéu (mg nha kinh.
Trén lyc dia, tham thyc vat cé vai trd quan trong trong viéc diéu tiét cac khi nha
kinh. Bé nghién ctru xac dinh, danh gia dong nhiét, hoi nudc va khi CO, trao ddi véi
khi quyén ctia cac kiéu tham thuc vét khac nhau, mot loat tram quan tric dong da
duogc cac nha khoa hoc thiét lap tai nhiéu noi trén thé gidi va nam 1998 chinh thire
hinh thanh mét mang lu6i goi la FluxNet [9]. Véy nghia khoa hoc, tram quan tric
dong cho phép nghién ciru chi tiét chire nang diéu tiét khi héu cua mot hé sinh thai.
Vé mit thuce t1en cac sb liéu thu dugc cua mang ludi quan trac dong 1a co s dé cac
chinh phu va t6 chitic qudc té hoach dinh chinh sach hanh dong tmg ph6 v6i BDKH,
trong d6 co viéc dinh gia rimg dé chi tra cho cac qudc gia co rimg theo Nghi dinh
thu Kyoto.

Viét Nam 1a mot qubc gia c6 ty 1é che phu rimg cao, trong d6 c6 nhiéu rimg
nguyén sinh véi ning luc tich tu cacbon 16n. Trong nhitng nim gan day viéc xac
dinh lugng cacbon tich tu cua céac kiéu tham thuc vat duge cac nha nghién ctru trong
nude thyc hién chii yéu theo phuong phép chia 6 rimg, 1dy mau thuc vat, phan tich
cacbon [1]. Phuong phap nay chi cho phép udc tinh lugng cacbon cua ring trén mot
dién tich hep va tai mot thoi diém nhat dinh. Thap quan tric dong cho phép theo ddi
lién tyc, lau dai dong hoc cac dong nhiét, am va khi CO, cua dién tich rimg rong 16n
trong moi lién quan vé6i cac yéu to sinh thai, khi héu. Viéc xay dung cac tram nghién
ctru dong tai cac hé sinh thai rimg ¢ nudc ta 1a rt can thiét. Tram quan tric dong
Nam Cat Tién (NCT Flux) 1a tram nghién ctru dong dau tién trén ldnh th Viét Nam
do Trung tAm Nhiét d6i Viét - Nga xay dung trong khuon khé dé tai hdn hop Viét -
Nga E1.1. Bai bao gidi thiéu nguyén 1y ciia phuong phap phuong sai rdi trong quan
trac dong va céac dic trung k¥ thut ciia tram nghién ctru dong NCT Flux.

. CO SO LY THUYET CUA PHUONG PHAP PHUONG SAI ROI
(EDDY COVARIANCE) TRONG NGHIEN CUU CAC DONG NHIET, AM
VA KHI CO,

2.1. Cosé vatly

L6p bién 1a phan thap nhat cua khi quyén, trong d6 ché do gio, nhiét, am chiu
anh huéng manh mé cua diéu kién bé mat va birc xa mat troi. Lop thép nhét cta 16p
bién, tir mat dat 1én dén khoang 50 m, goi la 16p bé miit. L6p nham la phﬁn dudi cua
16p bé mit, tao nén boi cac vat nhu rimg cdy, cic toa nha... can ludng chuyén dong
khong khi theo phuong nam ngang 1am hinh thanh cac chuyén dong rdi [3, 5], (hinh 1)
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Hinh 1. Cu triic 16p bién khi quyén (hinh a); Mat cat gi0 tai cac mat nham
khéc nhau (hinh b, ¢) va sy hinh thanh chuyén dong réi (hinh d)

Trong 16p nhdm, nang lugng mat troi dugce hap thu boi l6p bé mat sau d6 giai
phong vao khi quyén duéi dang hién nhiét (do gradient nhiét do), 4n nhiét (do bay hoi
nude) va CO; (do thye vt hap thy, thai ra trong chu trinh ‘quang hop). Cac dong nhiét,
am va CO; trong 16p bién dugc trao ddi véi 16p khi quyén bén trén thong qua nhiing
chuyén dong réi quy mé nho [4, 5]. Nhu vay, dac trung khi hau cua mot khu vyce duge
hinh thanh boi qué trinh khi quyén dién ra ¢ 16p bé mat thong qua van dong cua cac
thanh phan ning luong birc xa (hip thu, phat xa) va cac dong hién nhiét, an nhiét.

2.2. Co sé toan hoc

Thuét ngir “flux” (thong lugng, dong) duge ding dé chi dong nang lugng, vat
chat di qua mdt don vi dién tich, trong mét don vi thoi gian va 1a mot vector [5]. Néu
coi l6p bé mit 1a ddng nhat theo phuong nam ngang, chung ta ¢ thé bé qua moi van
chuyén nang lugng theo phuo‘ng nay, chi con dong van chuyén theo phuong thang
dung gitta khong khi va mat dat. V& co ban c6 4 dong ning lugng: 1) Dong bure xa
(hap thu va phat xa) cua mat dat; 2) Dong hién nhiét; 3) Dong an nhiét; 4) Dong nhiét
truyen dan ctia dat. Theo dinh ludt bao toan nang lugng, nhiét lwong thu dugc cia 16p
dat d6 day z phai bang nang luong thu duoc théng qua 4 dong ning luong ké trén:

d
J.g(cgpng)dZ:Rn—SH—LH—G (1)
Az
Trong phuong trinh (1): 7, ¢,, p, tuong ng la nhi¢t dJ, nhiét dung riéng va ty

trong dat, Az - @6 dﬁy cua 16p dat, R, - blc xa thuan, SH - dong hién nhiét, LH -
dong é‘n nhiét va G dong nhiét truyén vao 16p dat bén dudi. Khi Az — 0, phuong
trinh bang 0, ta co

R =SH+LH+G 2)

Khi d¢ day 16p dat bang 0, nang lugng thu duge va mét di tai day luon cin bang,
khong c6 tich trit nhiét. Nang lugng mat troi dugce hép thu tai bé mat s& chuyén hoa
thanh an nhi¢t, hién nhiét va nhiét truyén vao 16p dat phia duéi [5, 7].

Xét mot thuc thé chat 1ong 9, €O nguon S duogc dat trong mot hop hinh 1ap phuong,
tit ca cac mat hop hoan toan thdm thau, v6i van toc dong chay tuong (mg theo cac
phuong (x, v, z) 1an luot 1a u, v, w; thong lugng vat chat ¢ do dong chay trung binh tuong
tmg 13 (ug, vp, we), ta c6 thé biéu dién toe d6 bién ddi cua vat chét ¢ theo thoi gian:
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ﬁg:_a(u(p)_a(vm)_a(wm)JrS 3)
ot ox dy oz ®
Néu ching ta xem xét mat do p ciia mdi truong chat 16ng khong nén dugc
(p=const) nhu mot thuc thé ¢, va gia su khong co nguén cua chat long, ta duogc:
CURCURNC\ (4)
ox dy oz
Trong chuyén dong nhiéu loan dé c6 dugc thong tin thong ké c6 y nghia ching
ta phai tach cac bién thanh gid tri trung binh va thanh phan nhiéu theo:

u=u+u';v=v+v; w=w+w’; g=g+¢’ %)
Theo tinh chét trung binh héa Reynols [2, 4] ta co:
W=v=w=¢ ; do _3g+e) _do (6)

ot ot ot
up =@ +u')Q+o )= +u'y
Thay phuong trinh (5) vao (3) va st dung céc méi quan hé trén, chung ta co
dugc phuong trinh biéu dién sy thay doi vat chat theo thoi gian nhu sau:
95 __0ip) 0(g) A(We) Awe) 90y) wWy), (7)
ot ox dy 0z ox dy 0z ¢
Tuong tu, ap dung khai trién trung binh héa Reynols cho (4), thu dugc:
du E)v E)W
QUL LW ®)
ox ay oz
Xét trudng hop dong chay ddng nhat theo chiéu ngang, co thé boé qua cac thanh
phan ngang trong (8), tic 1a 6/0x = 6/0y = 0, ta co:
ow
dz 0 ©)
diéu nay c6 nghia van téc trung binh theo chiéu thang ding 12 hang sd.
Trong thuc té, d6i v6i cac hé sinh thai trong ty nhién, chang han trong rimg, dong
khong khi khong thé Iuu thong qua mét dét, w = 0 & bé mit va phuong trinh (7) tré thanh:

9 __9We) & (10)
ot 0z ¢

Tich phan phuong trinh nay tir b& mét (z = 0) dén mot chiéu cao tiy ¥ z, thu duoc
(W(p)+j—‘Edz_F+dez (11)

O day F, 1a thong lu’qng tir bé miat. DSi voi chuyén dong cua dong khong khi
trong ring tai do cao z, phuong trinh ndy c6 ¥ nghia la tong cia thong lugng xoay
tai do cao z((w'gp"), ) va tich Iily vat chét ¢ theo thoi gian bén dudi do cao Z(J;'aaidz)

t
0
bang v6i théng luong di ra tir bé mat (Fy) va ngudn (14, than cdy...) ton tai trong

khoang khong bén dudi do cao Z(j's_(pdz ). Ciing do xudt phat tir cach tiép can thong
0

lugng trao doi tai do cao z do dong xody gy ra ((w'p’).) nén day dugc goi 1a
phuong phap phuong sai réi (Eddy Covariance (EC)) [6, 7].
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Gia tri trao ddi thuén cua thu:c thé ¢ gitra khi quyen va ring ¢o thé ude lugng
bang cach do cac hang tir trong vé trai ciia phuong trinh (11). Thanh phan phuong

sai xoay wo ‘p’co thé dugc tinh toan bang cach ldy trung binh theo thoi gian tich cua

nhiéu dong van téc (w) va thuc thé ¢, trong d6 cac thanh phan nhiu dugc tinh toan
thong qua cac phép do c6 tée do 1ay mau cao nho st dung cac cam bién phan tmg

nhanh. Thanh phéan luu trit I S(de) ¢6 thé duoc do bang cach st dung céc cam bién

cham dat tai cac vi tri bén dudi d cao z.

Nhu vy ap dung ly thuyét EC, xem xét dong CO, hoi nudc, dong 4 an nhiét va
hién nhiét nhu thuc thé ¢ trong moi trudng chat 16ng, cac dong trao doi nay dugc
tinh toan theo cac cong thuc sau [6, 7]:

Dong CO; trao ddi: F. = WO; [umol/m?.s] (12)
Dong H,O trao doi: Fuo= WZO' [umol/m?®.s] (13)
Dong an nhiét trao d6i: LH = XDW [W/m?] (14)
Dong hién nhiét trao doi: SH = C,pwI’ [W/m?] (15)

Trong d6: A : An nhiét hoa hoi; p : Mat do khong khi
w’: Nhidu dong ctia thanh phan gié thang ding
CO;: Nhiéu dong cuia thanh phan CO, trong khong khi
H,0’ : Nhiéu dong cua thanh hoi nuéc trong khong khi
¢’ : Nhiéu dong ctia thanh phan mat do hoi nudc trong khong khi
2.3. Sy phat trién ciia mang lwéi tram nghién ciru dong trén thé giéi
Khoang tir 1990, hang loat tram nghién ctru dong duoc xay dung tai nhiéu
nudc dan toi viéc hinh thanh mang ludi toan cau “FluxNet” nam 1998. Pén nay
Fll}XNet da co6 gan 540 tram. Nam 1995, sau hdi thao khoa hoc La Thuile (Italia), hé
thong cac tram do dong cia timg chéu luc dwoc hinh thanh: Mang ludi
“CarboEurope” cua chau Au nam 1996, “Ameriflux” cia chau My nam 1997,
“Asiaflux” cua chau A nam 1999 [9] (hinh 2).

W North America (195)
I South America {30)

W Africa (25)

. Asia (104)

[ Australia/Oceania (17)
[ Europe {152)

FLUXNET
S TIL S 1995 2000 2005 2010

Hinh 2. Qua trinh phat trién cua cac mang ludi quan tric dong trén thé gidi
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III. PAC TRUNG KY THUAT CUA TRAM NGHIEN CUU DONG
NCT FLUX

3.1. Pic diém vi tri xdy dung tram nghién ciru dong NCT

Trong phuong phap phuong sai réi, dicu kién toi wu vé dia diém xay dung
tram quan tric phai dép Ung cac yéu ciu sau: Dién tich rimg rong trén 30 ha; tham
thyc vat ddng nhit; ring chwa timg bi chay; do déc dia hinh khong qua 5% khong c6
hudng gi6 thinh hanh wu thé; cach xa cac thuy vuc va ngudn phat CO,; thuan tién
van chuyén, cip dién, bao vé va khong qua xa noi co thé 1ap phong thi nghiém [6,
7]. Két qua khao sat trong cac nam 2009 - 2010 tai cac khu vyc VQG Céat Tién, Ma
Da, Ba Vi, Clic Phuong cho thdy rimg Nam Cét Tién thoa man nhiéu nhét cac tiéu
chi néu trén. Vi tri xay dung tram dwoc chon nam tai toa do 11°26'30" N, 107°24'4"
E, d6 cao 156 m so véi muc nude bién, cach khu hanh chinh cia VQG Cat Tién 5
km, cach duong 6 t6 50 m.

V& hang muc, trong khuén vién tram (dién tich 10x10m?) c6 thap, t6 hop thiét
bi do, budng dit cac thiét bi phu tro va ludi rao bao vé. Ngoai ra, tai khu hanh chinh
cta VQG co cac phong thi nghi¢m phuc vu viéc dinh ky hi¢u chinh thiét bi va xir 1y
50 bd s ligu.

3.2. Hinh dang, kich thudc thap

Tir co s6 1y thuyét va kinh nghiém céc thap quan tric cua nude ngoai, thap can
dat duoc cac tiéu chi sau: Chiéu cao thap cao hon trin tan rung trén 15 m, kich
thude, khoi lugng vat liéu xdy dung thap khong anh huong dén tinh nguyén trang
ctia tham thyc vat xung quanh, khong gy nhiéu loan cac yéu t6 vi khi hau khu vuc,
do bén vimg dam bao an toan cho ngudi va thiét bi trén cac do cao, dao dong do gid
ctia phan dinh thap khong dang ké [6, 7]. Tur cac yéu cau do, thap cua tram NCT co
hinh tru vudng, tiét dién ngang 2m x 2m, tong chiéu cao 50 m (d6 cao tran tan rung
tai diém xay dung 1a 35 m), chit liéu thép, st dung mong diém va dugc cb dinh
bang hé thong ddy néo (hinh 3).

Hinh 3. Thap NCT Flux va tham rirng xung quanh
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3.3. T6 hop cac thiét bi, thong sé do va vi tri lip dit cam bién ciia tram NCT

T6 hop thiét bi do cua tram gém 16 chung loai, véi 51 dau do do hing
Campbell Scientific, M§ cung cap dong b (bang 1).

Béng 1. T6 hop céc thiét bi, thong sb do va vi tri 1ap dat cam bién ciia tram NCT

Ma hiéu/Hang SX/Cam bién

Yéu t6 ghi do

Vi tri lap dat

CSAT3/CS, USA/ Siéu am 3D

Téc d6 gi6 theo 3 phuong x, v, z

LI7500A/ Li-Cor, USA/ Open-
path gas analyzer

Nong do CO,, hoi nudc va ap
suat khong khi

HMP45C/ Vaisala, Finland/

Nhiét d6 va do 4m khong khi | Trén dinh thap,
Thermometer-hygrometer d6 cao 50m
LI190SB/ Li-Cor, USA/ Photo |Buc xa dai quang hop, theo 2 tan suat do 10
synthetically active radiation hudng trén xuodng va dudi lén Hz
NRO1/Hukseflux, Netherlands/ |Btc xa hong ngoai song ngan,
4-component radiometer song dai, 2 hudng xuong va 1én
TE525MM/ Texas Electronics, Luone mua
USA/ Rain gauge e
T108/CS, USA/Temperature Nhiét do khong khi tai 7 o cao 28.; 19;‘ 10.; 5;
sensor 2; 1va0,3m
LI820/Li-Cor, USA/ Close-path | CO; trong khong khi tai 8 do 46;28;19; 10;
gas analyzer cao 5;2;1;0,3m
LI190SB/Li-Cor, USA/Photo  |Buc xa dai quang hop (theo 2 Cao géch mat
synthetically active radiation hudng trén xuong va dudi 1én) dat 2m
TCAV-L/CS, USA/ Nhiét d¢ trung binh dat (xac Tai 2 d¢ sau
Temperature average dinh ty s6 Bowen) 2cm va 6cm

CS616 /CS, USA/ Moisture
content reflectometer

Ham luong nudce trong dét (bang
phan xa ké)

Tai d0 sau 6cm

HFPO1/Hukseflux, Netherlands/

Dong nhiét trao ddi cua dat qua

Tai 3 vi tri, 4o

potential

Heat flux plate tam phang sau 8cm.
T108/CS, USA/Temperature Nhiét do dt tai 3 vi tri, 12 didm 4 30 sau 5, 20,
sensor 30, 50 cm
CS616/CS, USA/ Moisture Do Am dét tai 3 vi tri, 12 didm 4 3o sau 5, 20,
content reflectometer 30, 50 cm
257L /CS, USA/ Soil water Do 4m tiém nang dét tai 3 vj tri b6 sau S5cm

CC640/CS, USA/ Digital
camera

Tu déqg chup anh tan rung tai 3
thoi diém 7, 12 va 17gio

DPocao 18 m
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3.4. Dir liéu dau ra

Dir liéu tir t6 hop khdi do EC duoc luu trit thanh hai file dudi dang nhi phan,
v6i 102 bién déu ra gdm cac bién trung gian, bién thong tin, hiéu chinh va bién chi
bao thoi gian. Trong d6 file luu trit két qua do véi tan suat 10 Hz c6 13 bién dau ra,
file thir 2 bao gdm 89 bién 1a s6 trung binh 30 phut cta cac théng sé do duge. Pinh
dang cua ca hai file nay dugc bd tri theo kiéu tuan tu, ban ghi chira cac cot sb liéu
xép nbi tiép nhau (hinh 4).

& View Pro 41 ==
File Edit View Window Help
Yo |BOER /L2 EEERE ER e B
E E:\CatTien Tower\DATA_CatTien\Data\CT_Eddy\ 20111214\ CatTien_EddyFluxflux.dat (No Graph Associated) 234 Records EZ‘E“i. 2
TimeStamp RECORD Hs Fc_wpl LE wpl Hc tau u_star Ts_mean stdev Ts :cov Ts Ux cov Ts U+
RN W/m~2 mgf(m~2 5) Wim~2 Wim~2 kg/(m s~2) mfs C C m Cls im Cls =
Smp Smp Smp Smp Smp Smp Smp Smp Smp 1Smp
2011-12-09 21:30:00 926 -17.35 |0.09 19.94 -18.45 |0.11 0.31  |26.20 0.21 ‘;'U.UE 3'U.U4
2011-12-09 22:00:00 927 -5.82 |0.02 735 |-6.23 |0.02 0.13  26.10 0.14 -0.01 =001
2011-12-09 22:30:00 928 0.34 0.00 -0.09  0.34 0.01 0.08 26.06 0.14 jU.UU E-U.UZ
2011-12-09 23:00:00 929 -0.33  -0.01 076  -0.38  0.02 0.13  25.86 0.15 -0.01 =001
2011-12-09 23:30:00 930 -5.96 |0.10 774 -6.39 0.02 0.15 25.96 0.19 -0.02 10.00
2011-12-10 00:00:00 031 -0A0 010 1765 -1070 005 021 54 0321 004 007 e
2011-12-10 00:30:00 | ¥ EA\CatTien Tower\DATA CatTien\Data\CT_Eddy\J0111214\CatTien EddyFluxts data.dat (No Graph Associated) 4196609 Re.. | — | & |[=5d]

2011-12-10 01:00:00
TimeStamp RECORD Ux Uy Uz Ts coz2 H20 press diag_csat diag_irga agc t hmp e +

tEiza 01130100 RN mfs mfs mfs C mg/m~3 g/m~3 kPa  unitless  unitless  percent C K
2011-12-10 02:00:00

" Smp Smp Smp Smp Smp Smp Smp Smp Smp Smp rS_r_ﬂ_r;__
2011-12-09 16:28:02.700 16494985 -0.73 0.24 0.16 27.35 680.41 22.88 98.65 0.00 0.00 44.00 124,38,
2011-12-09 16:28:02.800 16494986 -0.95 0.25 0.12 |27.37 6B0.42 22.84 98.66 0.00 0.00 44.00
2011-12-09 16:28:02.900 16494987 -0.88 0.21 0.06 27.37 680.49 22.84 98.66 0.00 0.00 44.00
2011-12-09 16:28:03.000 16494988 -0.90 0.14 |0.21 127.33 680.16 22.98 98.66 0.00 0.00 44.00
2011-12-09 16:28:03.100 16494989 -1.07 0.31 0.09 27.38 680.31 22.93 98.65 0.00 0.00 44.00 :24.
2011-12-09 16:28:03.200 16494990 -0.79 0.47 -0.08 |27.32 680.47 22.94 98.65 0.00 0.00 44.00 124,
2011-12-09 16:28:03.300 16494991 -1.12 0.30 0.04 27.32 680.44 22.87 98.65 0.00 0.00 44.00 124,

TRTRI TR M o W

Hinh 4. Dit liéu dau tir to hop khéi do EC

Dir liéu tir t6 hop khdi do profile CO, va nhiét d6 tai 8 d6 cao; nhiét do, do am
dat tai cac 4 do sdu va dong nhiét trao ddi cua dat tai 3 vi tri dugc luu trix thanh cac
file v6i dinh dang twong tu nhu file dau ra cua t6 hop EC. Cac file anh do camera
chup tu dong tai cc thoi diém 7 gio, 12 gid va 17 gid hang ngay cho biét trang thai
thoi tiét, tan rimg dung 1am can ctr dbi chiéu, hd trg phén tich cac két qua do. Bo
nhé cua tram NCT Flux Iuu trir dugce dit liéu quan trac 40 ngay. S6 lidu tir NCT Flux
dugce dong bo hoa (bd sung nhitng gia tri thiéu, 16i va nghi ngd) theo phuong phap
trung binh hoa cac thoi diém bang phan mém. Cac dong an nhiét, hién nhiét, CO,
trao doi ctia rimg véi khi quyén dugc tinh theo (12), (14), (15).

Két qua xir 1y s6 liéu thu duge 6 thang dau 2012 vé tri s6 va quy lut bién dong
cac dong an nhiét, hién nhiét, CO, budc dau phu hop vai két qua cong bd cua cac tac
gia nudc ngoai va dac diém sinh thai, khi hau khu vuc (s€ dugc gidi thi¢u trong mot
bai bao khac).
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IV. KET LUAN

1. Phuong phap phuong sai rdi v6i viée sir dung cac thiét bi do hién dai, c6 tan
suat do 10 Hz, ¢ nhiéu d6 cao khac nhau cho phép xac dinh va theo doi dong hoc céac
dong hién nhiét, an nhiét va khi CO, trao doi gitta gilra tham thuc vat va khi quyén
mot cach lién tuc, trén dién tich rong vdi do chinh xac cao.

2. Tram nghién ctru dong nhiét, am va khi CO, Nam Cat Tién dap (mg cac tiéu
chi k¥ thuat cua mot tram quan trac dong theo ti€u chuan cua mang ludi nghién ciru
dong FluxNet. Vi tri, quy cach xay dung thép va h¢ thong thiét bi do dong bo cua
tram cho phép thu thap dugc céac so liéu nghién ctru dang tin cay.
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