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Tap chi CAC KHOA HQC VE TRAI DAT

9-2008

MOT SO UNG DUNG CUA PHUGNG PHAP PHAN
TICH TUONG QUAN CHEO TRONG NGHIEN CUU
KHI TUONG THUY VAN - BIA CHAT THUY VAN

Trong nghién ctru khi twong thity van - dia chat
thiy van (KTTV-BCTV), viéc do dac quan tric
cac dai lugng bién dong theo thoi gian, vi du lugng
mua, dong chay, myc nudc ngam..., dong vai tro rat
quan trong. Viéc phan tich luén gidi theo hudng

I. MO PAU

Ngay nhdn bai : 13-5-2008
VU THANH TAM
Trung tam Quy hoach & Diéu tra Tai nguyén mirde

khoang thoi gian anh huong ctia nuée mua téi dong

chdy ¢ song Krong Knd va 3. Xac dinh khoang thoi

théng ké - xac suat cac chudi sb lidu thu duoc rat

hiru ich va trong rat nhiéu truong hop da gop phan
dua ra cac két luan co tinh dinh lugng rat cao, diéu
nhiéu phuong phap nghién ciru khac khong phai luc
nao ciing c6 thé dat dugc. Thong thuong, trong cac
phan tich luan giai nay, ddi twong KTTV-BCTV
dang nghién ctu dugc xem nhu mot hdp den
(black box) va cac dai lugng nay dugc xem nhu
nhitng bién dau vao va/hay dau ra cua hop den do ;
trong hop den, cac phuong trinh toan ly mé phong
ban chit ciia cic qua trinh KTTV-DCTV xay ra
trong tu nhién dugc don gian hoa va thay thé bang
cac ham toan thong ké - Xac suét biéu thi quan hé
giita cac bién dau vao va dau ra. Him twong quan
chéo 1a mot trong s6 rat nhiéu ham théng ké - Xac
suat da va dang duoc s dung rat hidu qua trong
phan tich luan giai cac chudi sb liéu KTTV -DCTV
clia cac tram quan trac [1, 3-5].

Bai béo nay trinh bay ba vi du cu thé cta tng
dung phuong phéap phan tich twong quan chéo trong

1. CO SO LY THUYET

gian trung binh nuéc van dong qua hé théng song
ngam karst ¢ thi xa Son La. Hy vong thong qua ba
vi du nay, phuong phéap phan tich tuong quan chéo
c6 thé phat trién va ap dung rong rai hon trong thuc
tién nghién cau KTTV-DCTV.

V6i muc dich gidi thiéu va minh hoa hi¢u qua
cua phuong phap, ching t6i chi lya chon ap dung
va trinh bay trong bai bao mét loai ham tuong quan
chéo twong ddi don gian. Trong thuc té cac nha khoa
hoc trén thé gi6i da va dang ap dung rat hidu qua rat
nhiéu phuong phap phén tich twong quan, phan tich
phé tuong quan (cross-spectrum analysis) va phan
tich song twong quan (cross-wave analysis) khac.
Ngudi doc quan tdm c6 thé tham khao phan gidi
thiéu tong quan va mot vai mg dung trong [5].

Mot chudi sb liéu theo thoi gian co thé xem nhu
bang li¢t ké cac su kién xéy ra theo trat tu thoi
gian. Trong phan tich twong quan don, nguoi ta dinh
lwong mdi quan hé tuyén tinh cua timg sb liéu lién
tiép trong chudi sb liéu theo thoi gian. Trong phén
tich nay, db thi quan hé C(k) phac hoa dic tinh nhé

nghién ciu KTTV-DCTV, d6 1a : 1. Xdc dinh cta h¢ théng. Néu mot sy kién c6 mot anh huong

khoang thoi gian trung binh dé nuéc mua bd cap
cho cac tang chta nudéc & Ha Noi, 2. Xac dinh

trong d6 C(k) - ham ty hiép bién (auto-covariance
function), k - thoi gian tré (k = 0 &én m), n - do dai
ctia chudi dir liéu, x - mot sy kién trong chudi s6
liéu, X - gia tri trung binh ctia chudi va m - diém
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lau dai t6i chudi dit liéu, ham tu quan hé (auto-core-
lation function) r(k) s& giam nh¢ dan :

)

cit. Diém cit xac dinh khoang thoi gian ma phéan
tich s& tién hanh va thuong dugc chon sao cho bao
ham mét hi€u Gng nao do, vi du nhitng anh huong
hang nam hay lau dai cta sy kién.



Phan tich tuong quan chéo dugc sir dung dé thiét
lap mdi lién hé gitta chudi s6 lidu dau vao x;, va
chudi s6 liéu dau ra y;. Néu chudi s6 liéu dau vao la
mot dai lugng ngau nhién thi ham twong quan chéo
I'y(K), tuong tmg véi su tra loi xung nhip (impulse
response) cia hé théng. Trong nhitng truong hop
con lai, ham tuong quan chéo cung cap nhing thong
tin vé quan hé nhan qua va khong nhan qua (causal
and non-causal relationship) giita hai chudi s6 liéu
dau vao va dau ra ciing nhu tim quan trong ctia mdi
quan hé nay. Ham twong quan chéo c6 tinh chat
khong ddi xtmg, nghia 14 ry(k) # ry,(k), va néu k<0,
X thay thé y va nguoc lai trong phuong trinh (2).
Néu r,y(k) > 0 v6i k > 0 thi bién dau vao s& c6 anh
r><y(k) = ny_(k) )

040y
trong d6 C,y(K) - ham hiép bién tuong quan chéo, oy
va oy -dod léch chuén ctia cac chudi sd liéu twong tng.

KCorr =

Do gi4 trj ham twong quan chéo di dugc chuin
héa (nghia 1a C,(K) chia cho cac do léch chuan) nén
trong phan tich twong quan chéo cac bién dau vao
va dau ra khong nhét thiét phai ¢ cung hé don vi.
Ngoai ra, dé giam bot anh huong ciia sai sd ctia chudi
dit liéu, trude khi ap dung cdc ham tuong quan cheo
ngudi ta thuong loc chudi sé liéu bang cac cira s6
loc (filter windows), thuong hay duoc st dung nhit
trong thily vén 1a cira s6 loc ""Turkey".

Viéc phan tich twong quan chéo c6 thé thuc
hién kha don gian nho sy trg gitp cia modul Time
Series Analysis/Processing tich hop sén trong phan
mém STATISTICA hay modul Signal Processing
ctia phin mém MATLAB.

1. UNG DUNG

1. Xdc dinh khoang thoi gian trung binh nwoc
muca bé cdp cho céc tang chira nuwoc

Céac cong trinh khao sat diéu tra dia chét - dia
chat thiy van truéc day [2, 6] di xac dinh trong
dién tich thanh phé Ha Noi c6 ba tﬁng chtra nuéc
16 hong chinh, d6 1a cac tang chira nudc Holocen
gh, Pleistocen gp va Neogen. Tang chira nudc Dé
T gh phéan b rong khip dién tich Ha Noi. & phan
phia bac song Hong va phia tdy Ha Noi, tang nay
do bi bi bao mon nén dién tich phan bd khong lién
tuc ; con & phan 16n dién tich ¢ trung tdm va phia
dong, nam Ha Noi tang nay phan bo lién tuc. Cling
nhur tang chira nudc ndm phia trén, tang chira nudc

nk
Vi Cy (k) =~ L% x

huong t6i bién dau ra ; trong truong hop ngugc lai
néu Iy(K) > 0 voi k<0, bién dau ra s& anh huong téi
bién dau vao. Néu ham twong quan chéo dbi xing
hoan toan v&i truc dbi ximg di qua k = 0 chimng t6
ca bién dau vao va bién dau ra ciing dong thoi phan
g v6i mot bién doc 1ap khac ; trong truong hop
nay, bién dau vao khong c6 anh hudng t6i bién dau
ra. Thoi gian tré 1a khoang thoi gian gitta k = 0 va
gia tri cuc dai rxy(k) Thong thuong, thoi gian tré
cang ngan, sy bién do6i tir bién dau vao thanh bién
dau ra cang nhanh. Ngoai ra, khoang thoi gian giita
k =0 va ryy(k) = 0 duoc hiéu nhu khoang thoi gian
bién dau vao co thé co anh hudng téi bién dau ra.

Véik>0thi:

- 26K -9) -
gp phan b rong khip ving nghién ctru, chi trir mot
dién tich nho ¢ phia bac thanh phd trén dia ban huyén
Sdc Son. Tuy nhién, trong pham vi thanh phd Ha
Noi, phﬁn 16n dién tich, dac biét 1a khu vuc phia hiru
song Hong, c&c dai ven hai bd song Hong, ting chira
nudce bi phi boi cac trim tich hé tang gh. Nam xen
k& cuc bo gitra hai ting chtra nudc nay 1a cac dai va
thiu kinh sét bot cach nude cia cac hé ting Vlnh
Phuc, Hai Hung va Thai Blnh Ngudn cung cip
cho cac tang chira nudc chu yéu 1a nude mua, nude
ao ho va song ngoi (ddc biét dai ven song Hong) va
mdt phan 13 nude tudi cho ndng nghiép. Mién thoat
1a s6ng sudi, hod ao vao mua khd va mot phan thim
xudng cung cap cho ting chira nudc phia dudi
(tang gp), con mdt phan nho bde hoi.

Cbng tac quan tric nghién ctru dong thai va chat
lwong nude dudi dat ¢ thanh phd Ha Noi duoc tién
hanh bang mang ludi quan tric xdy dung tir nim
1989 gdm 67 tram, trong d6 62 tram quan tric nudc
ngam. Trong vi du minh hoa nay, chung toi da sir
dung s liéu quan trac (tir nim 1989 dén nam 2004)
lwong mua va bdc hoi do tai tram khi tuong Lang,
muc nude song Hong do tai tram PSH2 (x = 579809,
y = 2332466 tai bo phai song Hong chay qua x&
DPong Ngac H. Tur Liém) va myuc nudc ngam ting
gh va ting gp quan tric tai 156 khoan P.65a (tai bo
trai cach bo song Hong 120m, toa d¢ x = 581781, y
= 2333890 z = 2,6 m, thon An Ha xi Hai B6i
huyén DPéng Anh). Ngoai ra, chung t6i st dung gia
tri hiéu sé (lugng mua - lugng bdc hoi) nhu mot
tham chiéu tdi lugng bo cap nudc ngdm do mua dé
phén tich twong quan chéo giita luong mua va dao
dong myc nude ngém.
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Két qua tinh toan hé sé twong quan chéo gilra
luong mua hi¢u dyng va myc nuée ngam gh (hinh
1a) cho thiy myc nude ngam c6 quan hé yéu voi
luong mua (hé sb tuong quan Kcor = 0,6564) va
nudc mua phai mat mot th(n glan kha lau (thm gian
tré Lag = 1 thang) méi ngdm xudng va bd cap cho
tang chira nuéc ngam. S¢ di thoi gian tré kha lau nhu
vay la do tai vi tri 16 khoan P.65a phu trén ting chira
nudc Holocene 1a mdt 16p mong sét bt cach nude
ctia h¢ ting Vinh Phu. Tinh gan nhu ddi x1'mg cua
biéu d6 phan anh khong chi lugng mua bo cap anh
huéng téi myc nude ngdm ma con ¢d mot yeu t6 nira,
d6 1a nudc song Hong xuyén thim ngang.

Biéu d6 tinh toan hé sé tuong quan chéo gilra
lugng mua hi¢u dung va myc nuée ngam qp (hlnh
1b) cho thay quan hé ctia myc nudce ngam cua tang
nay véi lugng mua con yéu hon so véi tang chira
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Trong céac phan tich trén day, luu y thoi gian tré
Lag chi nén dugc xem nhu mot gia tri trung binh cho

nuée gh (hé so tuong quan Ko = 0,6044). Dicu
nay co thé giai thich 1a tai nhiing khu vuc tang gh
phu boi tang ap nudc mua phai ngam xuyén qua
tang gh trudc réi méi bd cap cho tang gp. Ciing
tuong tw nhu ddi véi truong hop cua tang gh, tinh
gin dbi xing cla biéu dd phan anh ngoai luong
mua bd cap, nudc ngam ting ap con duge bd sung
boi nudc song Hong xuyén tham ngang.

Cudi ciing, ¢6 thé thiy rat rd ting chtra nude qp
¢6 quan hé thuy lyc rat chit ché véi nudc song
Hong, thé hién qua gi tri rat cao cua hé s6 tuong
quan (KCOrr =0,9292) (hinh 1c). Piéu nay duogc giai
thich bang quan hé thuy luc chat ché glua tang qp
va song Hong (thé hién qua tinh chat ddi xtmg va
Keorr > 0 v6i Lag < 0). Ngoai ra con c6 thé thay su
thay d6i muc nudc song Hong gan nhu anh hudong
tic thi t6i myc nude ngam (Lag = 0).
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Hinh 1. Biéu d6 twong quan chéo biéu dién hé s6
tuwong quan (Corr) theo thoi gian tré (Lag, don vi tinh
la thang) gita :

a. Luong mua hi¢u dung va myc nudc ngém t?mg
qh b. Lugng mua higu dung va myc nuéc ngim
tang gp, ¢. Muc nude song Hong va myc nudce
ngam tang qp

2. Xdc dinh khodng thoi gian dnh huwong cia
nwdc muwa toi dong chdy 6 song Krong Kno

S6ng Krong Kné 1a phan dau ngudn cua Sé Ré

khoang thoi gian ¢ nuéc mua (hay nude sdng Hong)
Pok, mot chi luu cap 1 cua song Mé Kong. Day la

tham vao cac tang chira nudc.
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con sdng chay qua ranh gidi phan chia ba tinh Pak
Néng, Lam Dong va Pak Lac. Trong dién tich luu
vuc song, thanh tao dia chét c6 tiém nang chtra nude
16n nhat 14 16p vo phong hoa va dap v déa basalt
day toi 200m phan bd chi yéu & phia nam chiém
t6i gan 75% dién tich toan luu vuc ; phan con lai 1a
céc thanh tao dia chat chira nude kém hodc khéng
chira nudc. Phan dia hinh cao nhit 1a khdi nui Nam
Jer Bri ¢6 d6 cao 1.578mnam ¢ ranh gidi giita huyén
bak Song va Krong-Kno.

Chi tinh riéng trén dia phén tinh Dak Nong da c6
bdn tram quan trac khi tugng thiry van cap I va II 1a
bik Nong, Dak Mil, Pic Xuyén va Cau 14 (hinh 2).
Theo sb liéu théng ké tir cac tram niy, lugng muwa
trung binh trén toan luu vue 1a 2.150mm, luu lugng
dong chay trung binh tai Cau 14 1a 255m?/1. Do luu
vuc thu gom nuéce rong va déac thu dia hinh mién
nai dc véi dinh cao nhat 1a Nam Jer Bri ¢ huyén
Pik Song va thap dan vé moi huéng nén phan bd
luong mua trong tinh thay doi rat 16n : khong co
bat ky sb liu mua do duoc trong bon tram ké trén
¢6 anh hudng quyét dinh toi dong chay séng Krong
Knd. Diéu nay c6 thé thiy duoc qua phén tich tuong

Tram KTTV
Céu 14

CAMPUCHIA

Tram KTTV
b Birc Xuyén
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Hinh 2. Vi tri cic tram quan tric khi tugng thity van
va phan b mua theo dién tich ¢ tinh Dak Nong

Tinh Binh Phuéc

(thanh 14p trén co sé kiém dinh va bién tap lai ban do
phan bd mua cia TT KTTV ik Nong nam 2003)

TP. Budn Mé Thudt

Tram TV Budn Mé Thudt

Tinh Dak Lic

quan chéo gitra lugng mua do dugc tai cac tram
nay véi luu luong dong chay do tai tram Cau 14
(hinh 3).
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Hinh 3. Biéu db hé s6 twong quan chéo gitra lugng
mua va luu lugng do tai tram Cau 14

Néu chi xét riéng tuong quan chéo giita luong
mua va luu lugng do tai tram Ciu 14, c6 thé théy
gia tri h¢ ) twong quan Keor = 0,52 tuong ddi thép.
Diéu nay c6 nghia khong chi ¢ mua ¢ khu vyre xung
quanh Cau 14 ma con & rat nhidu noi khac trong
tinh tac dong dén dong chay. Gia tri Tpea = 1 NGi I&n
g binh chi sau mot ngay lugng mua roi xuéng
1h khu vyc s€ duoc thu gom va dd vé Chu 14.
tri Tmax = 134 cho biét mdi tran mua roi xubng
vuc nay con cé tac dung téi dong chay trong
ing thoi gian bon thang sau khi két thic mua vi
phan mwa bd cap cho nudc ngdm rdi sau do
chay thoat ra song sudi.

¢ thdy rd hon anh hudng ciia phan bd mua t&i

J chay tai Cau 14, ching t6i da tién hanh phan

twong quan chéo gilra lugng mua do duogc tai

tram quan tric khac voi lwu luong dong chay va

g ké két qua & bang 1. Theo két qua tinh toan,

b twong quan thép (Kcorr = 0,29-0,52) ching to

\g mua trong tinh bién dong 16n theo dién tich

héng ¢ ving mwa nao anh hudng chu dao dén

lwong tai Cau 14. Khoang thoi gian tré Tpey =

cho thiy dinh 1ii tai Cau 14 dén tré tir 1 dén 7

7 sau mdi tran mua (tiy thudc thoi diém mua,

1g 46 mua va dién phan bd mua trén dién tich

tinh). Ngoai ra, con c6 thé thiy sau mdi tran

1uua, Ngodi phin bdc hoi va chay tran trén bé mit

con cé mot lugng bd cap cho hé théng nudc ngﬁm

roi sau d6 dan dan thoat ra va cung cip cho song

sudi ; qua trinh nay c6 thé kéo dai t6i 6 thang (Tyax
=134-171 ngay).
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Bang 1. Thong ké tinh toan twong quan chéo giira lwong mua do dwgc & cac tram khi twgng v6i luu lwgng dong chiy song
Krong Kné do tai tram Céu 14 (glal doan 1981 - 2005)

Pic tru _ Tram
actrung DakNong DakMil  Caul4 Dirc Xuyén Buén Mé Thuét
Heé sb trong quan Ko 101 nhét 0,29 0,43 0,52 0,50 0,39
Khoang thoi gian Tpeax (ngay) dé hé
7 4 1 5 3
sO tuong quan dat gia tri 16n nhét
Khoang thoi gian Ty (ngay) dé 167 158 134 163 171

khong con twong quan (Kegrr = 0)

Két qua tinh toan ¢ bang 1 con phan anh mot quy
luat tu nhién : mua cang & xa Caiu 14 (theo tht tu
xa dan 1a Cau 14, Buon Mé Thudt, Pak Mil, Dic
Xuyén va Bak Nong) thi thoi gian tip trung nudc
cang lau (Tpeax = 1 - 7 ngay). Khoang thoi gian anh
huong (Tay) ctia mdi tran mua dén dong chay & Cau
14 khong phan anh quy luat trén vi con phu thudc
vao kha ning chira nude va tdc do nha nude cia cc
thanh tao dia chit phan b trong ving. Tai khu vuc
Piak Nong va Buon Mé Thudt phan bd 16p vo phong
hoa toi x6p rat ddy c6 kha ning chira nuée tot cia
da basalt trong khi & cac khu virc con lai phan bé 16p
vo phong hoa méng hon nhiéu va da gbc nirt né cua
cac thanh tao lyc nguyén c¢6é muic do chira nude kém
hon. C6 1& déy 1a mot trong cac yéu tb chinh giy nén
su khac biét Ty 0 cac khu vuc nay.

3. Xdc dinh khoang thoi gum trung binh nwoc vin
dong qua he thong song ngam karst ¢ Tx Son La

S6ng Nam La bt ngudn tir cac diy doi nui cao
tram tich luc nguyén & phia béc, cac day nii da voi
nirt né phat trién hang hdc karst & phia dong va tay,
chay qua Tx Son La. Khu vuc gin déo Kao Pha (trén
duong tinh 10 tir Tx Son La di huyén Muong Trai),
nude song Nam La chay vao va bién mat tai ba cira
hang karst thu nu6c : Ban Ai, Bom Bay va Kao Pha.
Ngay sat phia bén kia chan deo thugc xa Muong Bu
huyén Muong Trai 1a Hang Doi, mét kiéu hang karst
xuét 16 nude. Co gia thiét va da duoc chimg minh [5]
ton tai hé thong s6ng ngam két ndi cc ctra hang karst
thu nudc véi cira hang xuét 16 nude (hinh 4a). Co s&
chimg minh ¢6 su két nbi nay 1a cac phan tich huéng
phét trién cta hé thong hang dong ngam va dic biét
la két qua thi nghiém chét chi thi tién hanh cudi moa
mua 2002 véi 1,7kg chét chi thi Sulforhodamine B
(CZ7H29N2Nao7sz) tha vao ctra hang thu nudc Ban
Ai va 2kg chat chi thi Uranine (CyH1oNa;Os) tha
vao ctra hut nudc Kao Pha ; sau 20.30 gio phat hi¢n
Sulforhodamine B hoa tan trong nudc thoat ra tir cira
Hang Doi, con dbi voi Uranine sau 19 gio.
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Cda thu nuéc Bom Bay

+ Song -» S6ng ngam gia dinh

Hinh 4a. So d6 phac théo vi tri va cao trinh cic ctra
hang karst thu nu6ce va thoat nudce hé thong song
ngam Nam La (khu vuc déo Kao Pha, Tx Son La)

Trong giai doan 2000-2003, di tién hanh quan
tréc béng cac thiét bi do tu dong bién dong dong
chdy song Nam La & doan trude khi nudce song chay
h{t vao cé4c cira hang va thoat ra & cira Hang Doi. Dé
phuc vu cho mlnh hoa tng dung nay, chung t01 da
phan tich méi tvong quan chéo giita chudi sb liéu
dong chay song Ném La trugce khi chay vao hé thong
song ngam va chudi sb lidu dong chay sau khi thoét
ra & Hang Doi. Két qua tinh toan hé s6 twong quan
g véi cac khoang thoi gian tré (hinh 4b) cho thiy
hé s6 turong quan Kegrr dat gia tri 10n nhét 0,93, tuong
g v&i thoi gian tré Lag = 1 ngay (luu y phén tich
tuong quan chéo trong bai nay str dung don vi thoi
gian 14 ngay). Didu d6 co nghia la thoi gian trung
binh @& nudc tir khi di vao hé thong séng ngm dén
khi thoat khoi 1a 1 ngay. Di nhién 1 ngay chi la gia
tri trung binh vi hé thong hang ngam thong thuong
bao gbm nhiéu doan 6ng ngdm (siphon) két ndi voi
cac hd ngam (lake, room) ; trong qua trinh di chuyén
nuée c6 thé ling dong trong cac hd ngdm mot thoi
gian trude khi thoat hoan toan khoi hé thong hang
ngdm. Vi thé gia tri Tya = 61 ngay (twong tng véi
Kcorr = 0) ¢6 thé hiéu nhu mot gia tri dai dién (cho



1.0 He s6 twong quan chéo
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Hinh 4b. 6 thi ham tuong quan chéo giira luu
lurong dong chay song Nam La va lwu lwong thoat
6 Hang Doi.

tat ca cac trang thai dong chay & cac thoi diém
khac nhau) cho khoang thoi gian can thiét dé nude
song Nam La tir khi chay vao dén khi thoat ra hoan
toan khoi hé thong hang ngam.

KET LUAN

Qua ba vi dy minh hoa ng dung néu trén cé
thé thdy phuong phap phén tich twong quan chéo
cac chudi s liéu quan tric rat co hiéu qua trong
cong tac nghién ctru KTTV-DCTV. Co thé thay,
voi bat cir chudi s6 liéu theo thoi gian nao ciing
déu co thé ap dung phuong phap phén tich tuong
quan chéo. Van dé quan trong nhat trong phan tich
tuong quan cheéo la phai xac dinh r6 li€u ton tai hay
khong moi quan hé vat 1y giira hai chu01 su kién
(duogc thé hién bang chudi dir liéu) can phan tich ;
ngoai ra viéc hiéu rd ban chat vat Iy cua mdi quan
hé nay ciing gitp ich rat nhiéu trong cong tac lun
giai két qua phan tich chéo. Chi khi dd c6 nhitng
hiéu biét nhu vay, cac két qua luadn giai méi thyc
su ¢ do tin cay.

Céc ung dung néu trong bai nay la mot trong
rat nhiéu Ung dung cia phuwong phap phan tich
tuong quan chéo ; hy vong phuong phép ndy s€
duogc ap dung rong rai hon trong nghién ciru KTTV
-BDCTV 6 Viét Nam.
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SUMMARY

Some applications of cross-correlation analysis in
meteohydrological-hydrogeological study

This paper briefly presents theoretical back-
grounds with three illustrative examples to demon-
strate the application of the cross-correlation analysis in
the interpretation of recorded meteohydrological -
hydrogeological time series data : 1. Determination of
average time for rainwater recharging to the ground
water system in Hanoi, 2. Determination of impact
rainfall duration to the flowrate in the Krong Kno river
and 3. Determination of average travel time of water in
the cavernous underground river near Son La Town. As
proven to be highly effective and reliable, the cross-
correlation analysis method should be fur-ther developed
and deployed in meteohydrological - hydrogeological
data analyses in Vietnam.
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