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Abstract. Mist or fog is a product of water vapor condensation in the air at or near Earth's
surface limiting visibility, reducing visibility to less than 4,000 meters (mist) or 1,000 meters
(fog). They are severe weather phenomenon and work in small or medium areas. Mist and fog
conditions have potential negative impact on several economic activities, such as agriculture,
marine, etc. and especially aviation operations. They are the limiting factor in aviation and
can delay a flight or to cause the flight to divert to the planned destination airport. Therefore,
the visibility forecasting is very important in aviation to ensure flight safety. This article
presents an algorithm for fog and mist forecasting before 24 hours at Noibai International
Airport, Hanoi, Vietnam by regression and classification method. Forecasting algorithm
depends on the indexes FSI (Fog Stability Index), Fog Threat (Fog Potential), Fog Point (Fog
formation temperature) and the thermal inversions layer at 1000 - 800 millibar level (sea level
to near 1,500 meters). The forecasting model includes two regression equations combining
other conditions. The results show that the forecasting model has good quality for the mist but
not good for the fog phenomenon.

Keywords: Fog forecasting, Fog Index, Regression, Classification, Noibai international
airport.
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Tom tit. Hién tuong ml va swong mu 1a san pham ngung két hoi nudc trong 16p khong khi
sat mat dat 1am giam tam nhin ngang xudng dudi 4000m (mu) hoic 1000m (swong mu). Day
la hién tugng thoi tiét nguy hiém co quy md vira va nhd, anh huéng xau dén nhiéu linh vyc,
dic biét 1a linh vyc hang khdng. Néu tim nhin ngang duéi gia tri khai thac téi thiéu, cac
chuyén bay phai hodn lai viéc cat canh, hodc bay chd trong khoang thoi gian nhét dinh cho
dén khi tam nhin dat hodc vuot ngudng khai thac téi thiéu dé ha canh, hoac quyét dinh chuyén
sang san bay du bi. Do d6, cong tac du béo tam nhin ngang la rat can thiét nham dam bao an
toan khai thac bay. Bai bdo trinh bay maot thuat toan dy bao mu va suong mu trudc 24 gio cho
khu vuc san bay quéc té Noi Bai bang phuong phap hoi quy va phan 16p. Thuat toan dy béo
phu thudc cac chi s6 FSI (Fog Stability Index), Fog Threat (Fog Potential), Fog Point (Fog
formation temperature) va Iop nghich nhiét & d6 cao 1000 - 800mb twong tmg cao do tir sat bé
mit dén do cao khoang 1500m. Thuat toan dy bao dugc thiét 1ap véi hé 2 phuong trinh hdi
quy két hop mot sé diéu kién khac. Phan tich théng ké két qua du bao cho thay mé hinh ¢
kha niang dy bao tét hién twong ¢6 mu hoic khdng mu nhung chwa dy bao tét hién twong
suong mul.

Tur khoa: Du bao swong mu, Chi s6 swong mu, Phuong phéap hdi quy, Phuong phap phan 16p,
Séan bay quoc té Noi Bai.

© 2021 Truong Dai hoc Giao théng vdn tdi

1. PAT VAN DPE

Cang hang khong quéc té Noi Bai la mot trong nhiing cang hang khong I6n va quan trong
nhat Viét Nam voi hang tram luot chuyén noi dia va qudc té cat ha canh trung binh mdi ngay.
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Tuy nhién, tinh trang san bay bi "té liét" do anh hudong caa hoat dong mu, suong mu va may
thap, dic biét trong cac thang mua dong, gay khéng it thiét hai cho cic hing hang khéng ciing
nhu hanh khach. Thong tw Quy dinh vé khi twong hang khong dan dung [1] d3 quy dinh rd
thoi gian thuc hién quan trac va bao céo thoi tiét (Diéu 4), cac ndi dung quan tric va béo cao
(Diéu 5). Ngoai ra, Thong tu con quy dinh trach nhiém caa co s cung cap dich vu khi tugng
tai cang hang khong qudc té phai thuc hién cac ban tin dy bao, canh bao thoi tiét phuc vu khai
thac bay nhu du bao ha canh, dy bao cit canh, du béo thoi tiét trén duong bay va khu vyc bay,
canh bao cac diéu kién thoi tiét nguy hiém dén tau bay... trong d6 c6 hién twong md, swong mu
va may thip. Nham dam bao an toan cho hoat dong khai thac bay, nhét 1a sau mét s su ¢b hang
khéng lién quan dén hién twong thoi tiét nguy hiém, Cuc Hang khong Viét Nam di ban hanh
Chi thi vé Pam bao an toan bay [2]. Chi thi néu rd quy dinh bét budc xac dinh it nhat 01 san
bay du bi ha canh khi lap ké hoach bay. Néu diéu kién thoi tiét phtc tap nhu swong mu day dic
trén dién rong thi phai chon thém san bay du bi thir 2 nim ngoai viing anh huéng caa khu vuc
thoi tiét nguy hiém. Chi thi ciing yéu cau cac co sé cung cap dich vu khi tugng cang hang khdng
quéc té Noi Bai, Pa Nang, Tan Son Nhat 6 trach nhiém phat ban tin du béo thoi tiét tai cang
hang khong, san bay (TAF) va ban tin du bao thoi tiét tai cang hang khong, san bay duoc bd
sung (TAF AMD) cho cac san bay twong tng, hiéu luc 24 gio. Bén canh do, cac cang hang khéng
quéc té phai chap hanh nghiém cac quy dinh vé tiéu chuan thoi tiét toi thicu dbi voi tau bay va
t6 lai. Xay dung huéng dan hanh dong ung pho cua Kiém soat vién trong truong hop thoi tiét
xudng dudi tiéu chuan tai san bay dé bo sung vao tai liéu huéng dan khai thac cua dai kiém
soat khong lwu va nang cao chat lugng ban tin canh bao thoi tiét nguy hiém trén duong bay.

MU, suong mu va may thap 1a mot trong nhitng hién twong thoi tiét nguy hiém anh husng
xau dén nhiéu linh vuc (Vi du: d6i véi ndng nghiép: anh huong dén sy quang hop cua cay
tréng; d6i véi giao thong: anh hudng tim nhin...). MU va swong mu 12 san pham ngung két hoi
nudc trong khi quyén tao thanh nhiing giot nuéc nho li ti hoic nhitng tinh thé bang co kich
thude vo cung bé bay lo ling trong lop khong khi ngay sat mat dat gay giam tam nhin ngang.
Tam nhin ngang khi turgng, tam nhin ngang dudng cit canh va ha canh 1a vé cing quan trong
d6i véi an toan hang khong ciing nhu hiéu qua kinh té. Khi tam nhin ngang xudng dudi
4000m dugc goi la hién twong mu va dusi 1000m la swong mu [3][4]. Swong mu ¢ Viét Nam
thuong xuat hién tir cac thang cudi thu (thang XI) cho dén cudi xuan (thang V), nhiéu va
manh nhét dién ra trong cac thang mua dong [5]. Khu vuc ven bién Bac B9, thoi gian swong
mu anh huong nhiéu nhat 1a cac thang XI1, 1, 11 va 11 [6].

Suong mu dugc hinh thanh bai 04 nguyén nhan chinh [3]: (1) Nuéc néng bdc hoi vao
khong khi lanh hon; (2) Hai khdi khdng khi gan bao hoa cé nhiét do khac nhau hoa tron 13n
nhau; (3) Lép khdng khi sat mat dat lanh di do anh huong cua mat dém lanh; va (4) Khong
khi am lanh di doan nhiét do khi 4p giam. Cin ctr cac nguyén nhan hinh thanh, swong mu
duoc phan thanh 06 loai gom (1) Swong mu bdc hoi; (2) Swong mu hdn hop; (3) Suwong mu
birc Xa; (4) Swong mu binh luu; (5) Swong mu sudn doc; va (6) Suong mu front. Phuong phap
du bao hién tugng nay co thé dugc sir dung 1a md hinh sé tri [6] hoac sir dung phuong phép
théng ké cac hinh thé synop [5] trén co s& nguyén nhan hinh thanh. Vi swong mu 1a hién
tuong c6 quy mo vira va nho nén viéc du bao cho mot dia diém cu thé bang phuong phap
synop thuong gap nhiéu kho khin do khong thé danh gia dugc hét cac yéu té anh huéng cua
diéu kién dia phuong. Dé dy bao chinh xé&c hién twong, bén canh phuong phap synop can co
phuong phap dinh luong bd sung. Mot trong nhiing phuong phép c6 kha nang dap ung dugc
yéu cau d6 la phuong phap thong ké.

Du bao mu va suwong mu duoc cac nha khoa hoc trong nudc quan tdm nghién ctu tur

344



Tap chi Khoa hoc Giao thong van tai, Tap 72, S6 3 (04/2021), 342-355

nhitng nim 60 cta thé ky XX. Theo Phan Vian Tan [5], Pang Tran Duy va cs. thuc hién
nghién ctu trén co s¢ chudi sb liéu tir 1960 - 1966 cua tram Co6 T6 dé xay dung nhimg dic
trung théng ké vé sy xuat hién mu va swong mu véi cac yéu td nhu nhiét d6, nhiét do diém
suong, dd am, huong gi6 va toc do gid. Tran Tan Tién [6] xdy dung phuong phép du béo
swong mu birc Xa - binh luu trén co sé giai hé phuong trinh nhap nhiét, van chuyén nudc va
hoi nuéc. Két qua nghién ctu cho thdy mé hinh du bao c6 kha nang ¢ng dung trong nghiép
vu. Theo [5], Kiéu Thi Xin da sir dung chudi s liéu tir nam 1961 dén 1981 cua 3 tram khi
tuong ven bién Bic Bo xac dinh cac dic trung thong ké dé du bao mu va swong mu. Nghién
ctru dua ra nhan dinh hién trong mu va swong mu khu vyuc ven bién Bic Bo xuit hién vao cac
thang XII - III hang nim va nhiéu nhat 1a thang I11. Phan Van Tan [5] nghién ctu dic diém
ché d6 va phuong phap théng ké dy bao swong mu khu vuc bién va ven bd Vinh Bic Bo.
Nghién ctru da dwa ra bo tiéu chi dé ap dung trong nghiép vu du bao mu va swong mu. Céc
tiéu chi gébm thoi gian xuat hién swong mu trong nim cyc dai vao thang 11, cé thé kéo dai 1 +
2 ngay; thoi diém xuat hién swong mu trong ngay 1a 6 + 8 gio hodc 19 + 20 gio. Ngoai ra, tac
gia con théng ké dic diém nhiét do, nhiét do diém swong, do am, huong gio, tbc do gio va
luong may trudc va trong thoi diém xuat hién swong mu. Nguyen Xuan Tién va cs. [7] nghién
ctu hoat dong swong mu, mua nho bang phuong phép thdng ké synop va danh gia tac dong
ctia chling téi diéu Kién sinh trugng cua cay néng nghiép & khu vuc Bac Trung Bo.

Trén thé gioi, viéc nghién ctru dy bao swong mu ciing rat duoc quan tdm. Cac mo hinh sb
tri sa dung trong du b&o hién tugng thoi tiét c6 thé ké dén nhu NWP (Numerical Weather
Prediction) [8], HIRLAM (High Resolution Limited Area Model) [9] hay WRF (Weather
Research and Forecasting Model) [10]. Cac md hinh sé tri trén dugc ung dung du bao suwong
mu & cac qudc gia nhu Anh, My, TAy Ban Nha, Pan Mach, Phan Lan, Han Qudc... Két qua dy
bao tir md hinh déu duoc thuc hién kiém chang véi cac chi s6 du bao swong mu nhu FSI (Fog
Stability Index). FSI 1a chi s6 duoc phat trién boi co quan du bao thoi tiét My. Cho dén nay,
phuong phap du bao swong mu bang chi s6 FSI dugc nhiéu tac gia trén thé gisi nghién ciu va
&p dung, nhu Arun va cs. [11] du béo cho khu vuc Indo-Gangetic (An Do), Karel va cs. [12]
du béo dua trén sb lieu 2 tram Praha-Libus va Brno Sokolnice (Cong hoa Séc), Song va cs.
[13] phat trién chi 30 FSI du bao cho san bay Incheon (Han Qudc), Holtslag va cs. [14] thyc
hién ti uu hoa chi s6 tir s6 liéu 12 tram khi tuong ¢ Ha Lan. Bén canh do, mot sb nghién ctu
khac di dé xuat cong thire du bao dwa trén chudi sé liéu thdng ké nhu cong thic cua Stoelinga
va Warner [15] phu thugc vao mat d6 hoi nuéc; cong thuc RUC (Rapid Update Cycle) duoc
phét trién boi Co quan Quan ly Khi quyén va Pai duong Quéc gia Hoa Ky (NOAA) [10] phu
thudc vao do 4m tuong ddi; .cong thirc FSL (Forecast Systems Laboratory) [16] phu thudc vao
nhiét d6 bé mit, nhiét 46 diém suong va do 4m tuong doi.

Sy hinh thanh va phat trién swong mu 14 t6 hop su tuong tac 16p bé mat, mat bién va 16p
khong khi gan bé mat. Phuong phép du bio swong mu binh luu truyén thdng cho céc ving
ven bién 1a dya vao hudng gié, nhung ap dung cho swong mu birc xa hay swong mu dia hinh
thi gap nhiéu han ché. Hau hét cac nghién cau déu chi ra rang viéc dy bao swong mu khong
chi dua vao diéu kién bé mat ma con phu thudc cac diéu kién & cao do khac nhau nhu tée do
x40 tron, nhiét d6 khong khi va diém suong trong 16p 0 - 1000m; d6 am riéng; gradient nhiét
d6 thing ding va nhiéu yéu té khac [5][6].

Bai béo gigi thiéu mot thuat toan du bédo ma trong d6 cac nhéan té sir dung thé hién y
nghia vt Iy va cac yéu td anh huéng dén qua trinh hinh thanh md va swong mu. Céc nhén to

do la to hop dai lugng quan trac khi tuong thong thuong nham dua ra két qua du béo co do tin
cay tbt cho khu vuc san bay quéc té Noi Bai - Ha Noi.
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2. PHUONG PHAP NGHIEN CUU

Nghién ctru lya chon phuong phap théng ké dé xay dung phuong trinh twong quan va xac
dinh cac ngudng du bao bang phuong phap phén 16p. Day la phuong phap dugc nhiéu nghién
ctu tng dung dya trén tap co so dix liéu 16n va uu thé vé tdc d6 xu Iy tinh toan [17]. Phuong
trinh hdi quy téng quat c6 dang:

Trong d6: Ci - hé s ctia phwong trinh hdi quy; i - bién phu thudc 1a cac nhan t6 du bao.

Céc hé s6 Ci (i=0+n) dugc tim bing phuong phap hdi quy tuyén tinh da bién tir tap sb
liéu quan trac la mdi lién hé gitra truong sé liéu thién khi va di liéu quan trac tam nhin. Sé
liéu quan tric tim nhin duoc thu thap tr md8 METAR (METeorological Aerodrome Reports).
Ban tin METAR cua san bay Noi Bai dugc phét lién tyc 24h/24h v6i tan suat 30 phat/lan
twong rng 48 phién gquan trac (op) mdi ngay. Do dai chudi 10 nim quan trac (2010 - 2019) Ia
175.296 phan tir. Sb liéu quan trac duoc thu thap tir website cua tru:(mg bai hoc Wyoming
(My) tai dia chi http://weather.uwyo.edu/upperair/sounding.html véi cac phién quan trac (6p)
00h00 va 12h00 tir 2010 dén 2019 va dugc xt ly tinh toan théng qua phan mém RAOB
(RAwinsonde OBservation program).

Céc nhan t6 dy bao 1a céc chi s6 lién quan chat ché dén sy hinh thanh va phat trién suong
mu: FSI, Fog Point va Fog Threat.

- FSI (Fog Stability Index) la chi s6 dugc sir dung kha pho bién. Chi sb nay 1a to hop
tuyén tinh caa céc yéu té khi tuong trong 16p khi quyén sat bé mat dén muc 850mb: Tam
(nhiét d6 tai 6 cao 2m, °C), Taso (nhiét do tai muc 850mb, °C), Taom (nhiét d6 diém suong tai
d6 cao 2m, °C) va Waso (tdc do gi6 tai muc 850mb, knot, 1knots = 1,852km/h). FSI dugc Xac
dinh theo cbng thac [14][18]:

Theo [14], khi FSI < 31 thi xac suat xuat hién suong mu 1a cao; khi 31 < FSI < 55 thi xac
suét la trung binh va khi FSI > 55 thi kha nang xuat hién swong mu 1a thap. Chi sé FSI biéu
thi kha nang xuat hién swong mu cang cao khi c6 d6 am cang 16n (Tzm - Tazm cang nho), khi
quyén 6n dinh (Tzm - Teso Nho) va toe do gid nho tai muc 850mb (Wsso nho). Chi sé nay c6
thé danh gia dugc sy hinh thanh swong mu buc Xxa.

S ligu thdng ké thu thap tai tram quan trac Noi Bai (Hinh 1) cho thay khi FSI < 31 thi chi
c6 15,3% kha nang xuat hién suong mu, khi 31 < FSI < 55 thi kha ning d6 1a 5,9%. Truong
hop FSI > 55 thi kha ning xuét hién swong mu 1a thap va kha niang xuét hién gia tri tim nhin
ngang trén 4000m la 63,53%. Nhu vay kha niang dy bao suong mu cua chi s6 FSI cho khu vic
Noi Bai 1a khong cao nhung lai hitu hiéu trong viéc du bao khdng c6 hién tuong swong mu.

- Fog Point (FGP) la chi s6 biéu thi nhiét d¢ hinh thanh suong mu. Chi $6 nay dugc xac
dinh cin ctr theo duong ty Ié gitra khdi lwong hoi nuée vai khéi lwong khdng khi kho trong
khdi khong khi bao hoa tir dwdong cong nhiét do diém suong tai myc ngung két nang (LCL -
Lifting condensation level) dén bé mit [18]. Chi s nay c6 thé danh gia dugc sy hinh thanh
swong mu bdc hoi. Hinh 2 cho thiy gia tri Fog Point khu vuc Noi Bai dao dong tir -30 dén
30°C. Khi FGP < 2 hoac FGP > 28 thi khéng cd kha nang hinh thanh swong mu.

- Fog Threat (FGT) la chi s6 biéu thi swong mu tiém ning, xac dinh theo cong thirc [18]:
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FGT = WBPTyg, — FGP 3)

Trong d6, WBPTss la nhiét do thé vi bau am muyc 850mb. Dai lwong biéu thi nhiét do
thip nhét tiém ning ma khong khi co thé bi lam lanh béi qua trinh boc hoi & myc 850mb
(WBPTsso = 850mb wet bulb potential temperature). Chi s6 nay c6 lién quan dén su hinh
thanh suong mu binh luu va swong mu front.
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Hinh 3. Phan b6 chi sé Fog Threat va gia tri tam nhin tai tram quan tric Noi Bai.

Theo [18], khi FGT > 3 thi x4c suat xuat hién suong mu 1a thap vi nhiét d6 ngung tu tiém
nang vugt ngudng nhiét do hinh thanh swong mu; khi 0 < FGT < 3 thi xé4c suit la trung binh
va khi FGT < 0 thi kha ning xuat hién suong mu 1a 16n. Dit liéu Fog Threat tai tram quan tric
Noi Bai (Hinh 3) cho thiy gia tri nay luon khong 4m va do d6 ngudng du bao theo [18] khdng
phu hop di véi viing nghién ctiu. Tuy nhién khi FGT < 16 thi ¢ kha ning xuat hién suong
mu va FGT > 16 thi kha ning xuat hién suong mu 1a rat thap (2,6%).

Ngoai ra, qué trinh lanh di cua khéi khong khi ndng am séat bé mat lan truyén 1én nhiing
I6p khong khi cao hon s& tao thanh I6p nghich nhiét c6 thé 1&n téi muc 800mb (gan 1500m so
véi muc nudc bién) va co thé tao thanh swong mu binh luu [3] (vi du thoi diém 12h00 ngay
23/12/2019 - Hinh 4b). Do d6 nghién ciu lua chon thém chi sé nghich nhiét (Thermal
inversion - TIN). Chi s6 nay dugc xac dinh bang gian db thién khi (Hinh 4), TIN = 1 néu ton
tai 16p nghich nhiét trong khoang 1000 - 800mb va nguoc lai TIN = 0. Tuy nhién cling co
nhiéu thoi diém xuét hién 16p nghich nhiét nhung quan tric trong 24 gio tiép theo khdng xuit
hién swong mu (vi du thoi diém 12h00 ngay 11/2/2018 - Hinh 4a), tham chi tim nhin ngang
dat gia tri trén 10km.
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Hinh 4. Gian d6 thién khi Skew-T tai tram quan tric Noi Bai.
trich xuat tai dia chi http://weather.uwyo.edu/upperair/sounding.html.
Nhu vay, két hop cac nhan té du bao FSI, Fog Threat (FGT), Fog Point (FGP) va
Thermal inversion (TIN) c6 thé dy bao duoc su xuat hién mi va swong mu khu vuc nghién
ctru. Vi 4 nhan té du bao duoc lya chon, phuong trinh (1) dugc viét lai nhu sau:

F = Cy+ CFSI+ C,FGT + C4FGP+C,TIN 4)

Bo dir lidu duoc lap thanh ma tran 5 cot gom 4 nhan t6 du bao (FSI, FGT, FGP va TIN)
va 1 yéu t6 dy béo (tam nhin). Tai mdi thoi diém 00h00 hozc 12h00 cua sé liéu quan trac
tham khdng, néu 24 gid sau d6 & ban tin METAR xuét hién gi4 tri tim nhin dudi 4000m (mu)
thi yéu t6 du bdo mang gia tri "0,5", dudi 1000m (swong mu) mang gia tri 1,0 va trén 4000m
mang gia tri "0". Nhu vay, dir liéu dugc xir ly thanh ma tran kich thudc (7304 hang, 5 cot)
dung dé xac dinh cac hé s trong phuong trinh (4) va xay dung thuat toan du bao swong mu
han 24h cho khu vuc san bay quéc té Noi Bai.

3. THUAT TOAN DU BAO
3.1. Phwong trinh du bao

Ma tran dir liéu duoc chia thanh ma tran phu thuoc (A) (2010 - 2016) ¢6 kich thudce (5114
hang, 5 cot) dung dé phan tich xay dung phuong trinh hdi quy va ma tran doc lap (B) (2017 -
2019) ¢6 kich thudc (2190 hang, 5 cot) dung dé kiém dinh do tin cay cia phuong trinh. Thuat
toan xéac dinh cac hé s6 Co, C1, Cz, C3va Cs trong phuong trinh (4) nhu mé ta trén Hinh 5.

Véi muc tiéu tim b hé sé phuong trinh trong quan tot nhat va 6n dinh trong pham vi
chudi s6 liéu thu thap, cac hé sé dugc xac dinh bang phuong phap hoi quy tuyén tinh da bién
va tinh l3p cho dén khi nhan duoc tong sai s6 cia cac hé sb gitra budce tinh trude va sau thoa
man gi& tri cho phép (¢ = 0,01). Trong truong hop sir dung toan bo dir liéu cia ma tran A
nhung van chwa nhan dugc bo hé sb on dinh thi tiép tuc ting kich thudc ma tran A bang cach
b6 sung dir liéu tir ma tran B. Néu s hang trong ma tran B bang 0 ma tong sai s caa cac hé
s6 Van chua thoa man rang bugc thi hé sé phuwong trinh twong quan 1a chua 6n dinh. Trong
tinh hudng nay, vong lip dimg cudng bic va hé sb phuong trinh twong quan 13 hé sé cua
phuong trinh & budc 1ap cudi cung.
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C BAT DAU )

.

7304 14n quan trac
(2010 - 2019)
FSI, FGT, FGP, TIN

Phu thudc | Poc lap

A = (5114 hang, 5 cot)

B = (2190 hang, 5 cot)
(2010 - 2016) (2017 - 2019)

s

:

A1 = (730 hang, 5 cbt)
(2010 - 2011)

A2 = (4384 hang, 5 cot)
(2011 - 2016)

.

| Héi quy tuyén tinh

l_

A 4

Phwong trinh hdi quy
F,=C,, +C,FS| +C,FGT + C,FGP + C,,TIN

:

hang(A1) = hang(A1) + 730
hang(A2) = hang(A2) - 730

y

hang(A,) <= hang(A)

| H

|A

hang(A,) = hang(A,) + 730
hang(B) = hang(B) - 730

6i quy tuyén tinh [

v

Phwong trinh hdi quy
F,=C,, + C,FSI + C,,FGT + C,FGP+ C,TIN

2|

(Ci-CIC B <e

Ph
cod

wong trinh du bao
cac hé s6 6n dinh
F=F,

-

Kiém dinh v&i ma tran B

B=B +A,

Phuwong trinh du bao
co cac hé sb chwa on dinh
F=F,

A 4

Khang kiém dinh véi ma tran B |

A
»( KETTHUC )

Hinh 5. So db khéi xay dung phuong trinh du béo.

Vi céc hé sb phan bé tuong d6i déu cho ca 3 truong hop (khdng ma, ¢ mu va suong mu)
nén qué trinh 1ap ding lai khi st dung toan bo dit liéu cua ma tran B. Cac phuong trinh hoi
quy nhan dugc trong qua trinh do tim cd hé sé twong quan R? thap (R? = 0,0059 - 0,0919), bBé
tang kha ning du bao caa md hinh hdi quy, nghién ctu lva chon tinh toan dong thoi bang 2

phuong trinh:
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F = — 0,039FSI+ 0,086FGT + 0,074FGP+0,011TIN (5)
F, = 6,2499+ 0,0167FSI + 0,0486FGT + 0,0323FGP +0,0016TIN (6)

Trong d6, phuong trinh (5) dwoc xay dung tir moi quan hé giira 4 chi sb vsi gié tri 0
(khdng mu) hodc 0,5 (c6 mu) hodc 1 (suong mu) va ket qua cua phuong trinh (6) dugc tra ve
logarit tu nhién gié tri tam nhin In(Vis).

3.2. Ngwong du bao

Thong ké 3 chi s6 FSI (Hinh 1), FGP (Hinh 2) va FGT (Hinh 3) cho thiy cac ngudng du
bao the hién kha ndng khong xuat hién swong mu. Neu coi tong kha néng xuat hién mu va
khong mu la kha néng khong c6 swong mu thi 3 chi so trén cho ket qua du bao khong swong
mu @ng Vvéi timg ngudng lan luot la FSI > 55 (98,25%), FGT > 16 (95,52%), FGP < 3
(98,77%) (Bang 1).

Bang 1. Ngudng du béo cia chi s6 swong muL.

Ngudng FSI<9 FSI > 55 FGT > 16 FGP < 3

Khong mu (%) 0,0 63,5 43,5 63,0
MU (%) 55,5 35,0 52,0 35,5

Suong mu (%) 45,0 15 45 15

Khi céc chi s6 khong thudc cac ngudng trén Bang 1 thi sir dung phuong trinh (5) va (6)
dé du bao. Do thi phan 16p két qua tinh toan ham F1 va F2 thé hién trén Hinh 6 va Hinh 7.
Két qua phan tich cho thidy ham F1 va F2 ciing khong thé dua ra duoc ngudng du bao kha
nang cao xuat hién swong mu ma chi ¢6 ngudng xuat hién mu va khéng mu (Bang 2).

1 ** > 1 B0 > 0 *

0.5

*
3

0.5 0009

F1 F2
0 o SH0OCORTHDGICC IR TRORITINONIRSNER0 ¢ 0 99 90 PEIKINETEIXIMUTRROERITIKEOERLEn ¢ ¢
-2 -1 0 1 2 3 7 7.5 8 8.5 9
Hinh 6. D6 thi phan 16p phuong trinh (5). Hinh 7. D6 thi phéan 16p phuong trinh (6).
Bang 2. Ngudng dy bao ciia ham F1 va F2.
Ngudng F1<-0,2 F2<73 F2>8,1
Khong mu (%) 57,0 30,0 58,0
MU (%) 42,0 70,0 40,5
Suong mu (%) 1,0 0,0 1,5

Bang 2 cho thay khi ham F1 < -0,2 hoic F2 < 7,3 hoac F2 > 8,1 thi kha ning xuét hién
swong mu 1a rat nho. Tuy nhién sb lugng mau thudc ngudng nay chi chiém khoang 20% tong
s6 mau. Do d6, 80% s6 mau con lai phai duoc tinh todn két hop ca 2 ham F1, F2 va cé thé b
sung cac tiéu chi phu.

Nhu vay, can clr cac ngudng du bao cua cac chi s va cac phuong trinh hoi quy, két hop
v6i cac ket qua phan tich thong ké khac, thuat toan du bao mu va swong mu han 24 gio cho
khu vuc sén bay quoc té Noi Bai dugc mo ta theo so do khoi (Hinh 8) sau:
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BAT DAU

| Truy cap va trich xuét sd liéu tham khong tai dia chi http://weather.uwyo.edu/upperair/sounding.html

| Tinh FSI, FGT, FGP va TIN

F1=-0,039FSI + 0,086FGT + 0,074FGP + 0,011TIN
F2 =6,2499 + 0,0167FSI + 0,0486FGT + 0,0323FGP + 0,0016TIN
F1 = round(F1,1) va F2 = round(F2,1)

mmm|mmmmm™m
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A 4

50,0%)
20,0%)

. F=0
»F =0,
F=1

10 (40,0%)

(10,0%)

F=00
F = 0,5 (80,0%)
F=1,0 (10,0%)

\ 4

0
5 (45,0%)
0

0 (15,0%)

A

Du bao kha nang P%(0,5) comu |+

0,0%)
70,0%)
30,0%)

[~~~

va P%(1,0) co swong mu | P%(0) < P%(0.5)

Dy béao kha nang P%(0)
khéng c6 mu

> KET THUC

<

Hinh 8. Thuat toan dy bao mi va swong mi han 24 gid cho khu vuc san bay qudc té Noi Bai.

351



Transport and Communications Science Journal, Vol 72, Issue 3 (04/2021), 342-355

Két qua xay dung thuat todn cho thiy rat khé dé du béo chinh xac su xuat hién cuaa hién
tuong suong mu (F = 1,0). T4 hop tiéu chi cho kha ning cao xuat hién hién tuong 1a F2 = 7,6
két hop F1 > 1,0 va F2 = 7,5 két hop F1 > 1,5. Bdi véi du bao hién twong mu thi thuat toan
trén cho két qua dang tin cdy voi nhiéu to hop du bao c6 kha ning cao xay ra hién twong tam
nhin ngang trén (F = 0,0) hoac dudi 4000m (F = 0,5).

Dé kiém dinh do tin cay cua thuat toan, nghién ctu thyuc hién thu thap di liéu quan trac
tam nhin mot s6 ngay cudi thang X11/2020 va thang 1/2021 (chudi doc 1ap - 24 phan ti), dong
thoi lya chon mét sé ngay dau, gitra hodc cubi cac thang tir chudi dix liéu da co (chudi phu
thugc - 205 phan tir) va thuc hién tinh toan theo so @ khéi Hinh 8. Phuong phap danh gia két
qua dy bao dya trén bang su ki¢n ngau nhién 2x2 cua Doswell [19]. Céc ti€u chi danh gia chat
luong du bao theo két qua tir bang sy kién xay ra ngau nhién gom ty 1¢ du bao dung toan phan
(H), ty & phat hién quan tric "Cd" (POD), ty 1& béo khong (FAR), ty I¢ phat hién quan trac
"Khong" (POFD), chi tiéu thanh cong (CSI), chi tiéu thong ké thyc té (TSS) va chi tiéu
Heidke [19].

Bang 3. Panh gia két qua kiém dinh v6i chudi phu thudc.

Dy béo Quan trc Céo Khoéng Téng sb
Co 137 47 184
Khéng 13 8 21
Tong s6 150 55 205
H POD FAR POFD CSl TSS Heidke
0,707 0,913 0,255 0,855 0,695 0,059 0,073

Két qua kiém dinh du bao vai chudi phu thudc (Bang 3) cho thiy chi s6 POD rét cao
(trén 90%), CSI va H dat khoang 70%. Do d6 c6 thé coi thuat toan phét hién tt pha ¢ "mu".
Tuy nhién, chi s6 TSS chua tét va ty & bdo khdng FAR khoang 25%. Nhan dién nhiing
truong hop béo khdng cho thay sé dong truong hop mu/swong mu xay ra véi thoi gian ngan
khoang 120 pht tham chi dién bién rat nhanh tir tim nhin trén 10km xudng ngudng c6 mu va
tré lai ngudng trén 10km trong 3 lan quan trac lién tiép. Nhimg truong hop bao khéng nay,
thuat toan chua thé phat hién dugc méi lién he gitra cac chi so swong mu véi hién tuong dién
ra trong 24 gio tiép theo. Ty 18 du béo sai (s6 1an du bao "khong" nhung quan trac "co" trén
t6ng s6 1an du bao) khoang 5%.

Béng 4. Kiém dinh véi chudi doc lap.

Ngay ngoarr?h;l?g‘rl) tli(‘;r; FSI |FGT|FGP|TIN| F1 | F2 Két qua Dgé‘igh
T os J]7a s 1 [ua 78 | E105000 |
B o[ os ol w0 oo 10| E-balm |
096?1/(}5_/22%80 10000 | 00 |56 [123|47| 1 |-0.8] 7.9 Fpiol'f)o(ffg%) Dgﬁzégo
0%%1/0102-/223?580 5000 00 [616/ 831550 |-13 79 FF==01',00((61?:5§>Z§) D&ﬁ?
S | e on o 10|51 0 oo 18 £- 036 [T
a2l | 3400 | 05 [324138| 02| 1 |-01] 75 Fpiol'f’o(ffg%) Dy bao
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. Tam nhin | Hién £ \ banh
NGBY | o o (o) | atome | FST |FGT |FGP | TIN| FL | F2 Két qua i
03/01/2021 F=05(50%) | Du bao
00n00-23h00 | 2400 | 05133285193 1 1 1011751 £ 1'5(2006) | Ding
04/01/2021 F=05(70%) | Du bdo
00002300 | 5000 | 00 |408/149/ 48| 0 00| 78 | LZ70 (1000 | Riime
05/01/2021 F=0,5(70%) | Du bao
00n00-23h00 | 100 | 05 144 111919110 1001 7.9 1 £ 15 (1006) | Ping
06/01/2021 F=0,5(60%) | Du béo
0000030 | 3690 | 05 | 36 |116|102] 0 03| 7.7 | cZ00ER | b
07/01/2021 F=0,5(70%) | Du bao
oono0-23n00 | 000 | 05 302116104 1 03] 78 | £110 1100 | Bise
08/01/2021 F=0,5(50%) | Du béo
00h00-23t00 | 10000 | 00 |332[114 43| 1 00| 75 | L2000 | Riime
09/01/2021 F=0,0(63%) | Du bao
00002300 | >10000 | 00 |38a4|134| 11| 1 |76|-08| FZ 70 00) | b
10/01/2021 _ | F=00(63%) | Dy béo
00h00-23h00 | 2000 | 00 54BIILTE L L 7T 12 el 1 (1 506) | Bung
11/01/2021 F=0,0(63%) | D bdo
oono0-2ago | >10000 | 00 |82 |124|-16| 1 |82|-22| £Z 70 Ce) | e
12/01/2021 _ .| F=00(63%) | Dy béo
oono0.o30 | 4700 | 00 |556|2331152) 0 |78|-13| £Z 10 P | o
13/01/2021 F=0,0(63%) | Du bao
00h00-23h00 | 400 | 05 136 11451281 1 1751041 £ 11500 | sai
14/01/2021 F=0,5(70%) | D bao
00h00-23h00 | 2400 05 {368/ 16 | 6 | 11781 04 | r_1010%) | Ping
15/01/2021 F=0,5(50%) | Du bao
oono0.23g0 | 1800 | 05 |268| 72 |133| 1 |75| 06 | cZ0 00 | Tl
16/01/2021 F=0,5(70%) | Du béo
00h00-23h00 | 2000 | 05 |40 11251991 1 178103 | £ _1'5(100) | Pung
17/01/2021 F=0.5(60%) | Du bao
00h00-23h00 | 1800 | 05 1336/ 76 | 15 1 0 177105 | £ 1 (1506) | Ping
18/01/2021 | F=00(63%) | Dy béo
oono0.23t0 | 3000 | 05 |57.8/128|06| 1 |79|-10| [Z 0T | P
19/01/2021 F=0,5(50%) | Du bao
oono0.2ag0 | 1600 | 05 |222/102| 72| 1 |74| 06 | fZ0000) | a0
20/01/2021 F=0,5(50%) | Du bdo
ooho0-23t0 | 2000 | 05 |27.6| 78 |121] 0 |75| 05 | (200 B0 | b
Bang 5. Panh gia két qua kiém dinh v6i chudi doc 1ap.
Quan tric . A 2 £
Dy bio Céo Khong Tong s6
Co 12 2 14
Khoéng 3 7 10
Tong sb 15 9 24
H POD FAR POFD Csl TSS Heidke
0,792 0,800 0,143 0,222 0,706 0,578 0,565

Chudi kiem dinh doc 13p véi tong s 24 lan du béo (Bang 4, Bang 5) cho thdy cac chi s
H, POD va CSI tuong doi tot vai gid tri khoang 70 - 80%. Ty 1€ bao khong va ty 1¢ du béo sai
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déu dudi 15%. Tuy nhién, do chudi doc 1ap ngin va dién ra trong thoi ky mu va swong mu bit
dau hoat dong manh nén kha nang du bao twong d6i tot. Bé danh gia chinh xac hon do tin cay
cua thuat toan can tiép tuc kiém dinh cho nhiing thoi doan khac trong qué trinh thuc hién
nghiép vu du béo.

5. KET LUAN

Mu va swong mu 1a hién tuong thoi tiét nguy hiém dién ra trén quy mé vira va nho. Déi
vé6i khu vuc san bay québc té Noi Bai, gia tri cac chi s6 swong mu phan bé twong dbi déu & cac
pha khéng mu, c6 mu va swong mu cho thay hién tuong nay rat kho du bao chinh xéac. Sé liéu
thdng ké 10 nam gan day (2010 - 2019) chi ra ring swong mu & khu vic hoat ddng manh nhét
trong cac thang | - 111 vai thoi gian thinh hanh vao dém tdi va sdng sém. M6 hinh du béo han
24 gio (Hinh 8) cho vung nghién cttu st dung hé 2 phuong trinh hdi quy (5) va (6) két hop
cac ngudng du béo cho két qua twong ddi tt ¢ 2 pha khong mu "0" va c6 mu "0,5". Déi véi
pha swong mu "1" thi mé hinh chua thyuc sy cho két qua tét. Biéu nay cé thé dugc ly giai boi
cac thang V - IX hién tuong suong mu ¢ thé ¢ dién bién rat nhanh. Sy thay doi tim nhin
ngang tir trén 10km xuéng dudi 1km va tro lai trén 10km c6 thé chi dién ra trong khoang 60
phat khién cho viéc du bao trudc 24 gio gap sai s6 16n. Dé cai thiéen mé hinh du béo nay, c6
thé bo sung chi tiét hon cac ngudng du bao két hop bién thoi gian hoic bo sung phuong trinh
tuong quan c6 xét thém bién thoi gian.
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