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Ab stract—The re sults of sat el lite mon i tor ing of the trans at lan tic trans port of wa ter va por in the at mo -
sphere from the west ern coast of Af rica to the Gulf of Mex ico are pre sented. Using the data of the
DMSP, EOS Aqua, GCOM-W1 sat el lite mi cro wave ra di om e ter mea sure ments, the zones with high
con cen tra tions of wa ter va por in the air over the trop i cal At lan tic are iden ti fied, and the dy nam ics of
their move ment to wards the Gulf of Mex ico in the pe ri ods pre ced ing the ini ti a tion of hur ri canes Bret
(1999), Lorenzo (2007), Katia (2017) in the gulf is an a lyzed. The con nec tion of the at mo spheric wa ter
va por trans port over the trop i cal At lan tic to the cyclogenesis in the Gulf of Mex ico is dis cussed.
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INTRODUCTION

The de vel op ment of tech nol o gies for di ag nos ing at mo spheric and oce anic char ac ter is tics in the ar eas of
trop i cal hur ri cane ( TH) ac tiv ity us ing spaceborne radiophysical ob ser va tion in stru ments is a rel e vant prob -
lem [1, 4].

The pa per deals with some is sues of us ing sat el lite mi cro wave ra dio met ric meth ods for an a lyz ing at mo -
spheric hu mid ity fields in the ar eas of trop i cal cyclogenesis. These meth ods have been widely used due to
the net work of sat el lite in stru ments pro vid ing high spa tial cov er age and tem po ral reg u lar ity of ra -
dio-thermal field ob ser va tions in the ocean and at mo sphere.

Ba sic at ten tion is fo cused on lo cal hur ri canes ini ti ated in the Gulf of Mex ico but not com ing here from
the Ca rib bean Sea or the At lan tic Ocean in a ma ture form. The num ber of such hur ri canes is small, for ex -
am ple, dur ing 1995–2011, 15 hur ri canes were gen er ated in the gulf, while the num ber of hur ri canes that
reached the coast of the USA and Mex ico over that pe riod is sev eral dozen.

Studying this cat e gory of hur ri canes will pro vide better un der stand ing of re gional mech a nisms of their
ini ti a tion and prog ress in de vel op ing early de tec tion tech nol o gies. For ex am ple, the con sid er ation of some
lo cal trop i cal cy clones (Bret (1999), Humberto (2007), Lorenzo (2007), Katia (2017)) made it pos si ble to
dis cover that the group re sponse of the field of to tal precipitable wa ter (TPW) over the Gulf of Mex ico has
an ef fect on the gen er a tion and evo lu tion of trop i cal hur ri canes [2]. In par tic u lar, the com mon fea ture for
these cy clones was re vealed: an in creas ing spa tial vari abil ity of TPW over the gulf for sev eral days and its
sub se quent de crease be fore the fi nal stage, namely, the hur ri cane emer gence.
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The ur gent prob lem of fur ther re search is the con sid er ation of pro cesses be yond the Gulf of Mex ico that
can pre de ter mine the oc cur rence of lo cal hur ri canes 7–10 days be fore the be gin ning of their gen er a tion at
the ear li est stages (trop i cal de pres sion, trop i cal storm). Ac cord ing to the Na tional Hur ri cane Cen ter (USA),
one of such pro cesses is trop i cal waves prop a gat ing through the At lan tic re gion from the west ern coast of
Af rica to the Gulf of Mex ico, which trans port air masses to the west by prev a lent east ern winds along the
trop ics and sub trop ics near the equa tor. Trop i cal waves can lead to the ini ti a tion of hur ri canes in the North
At lan tic, the Ca rib bean Sea ba sin, and the Gulf of Mex ico. In terms of the con nec tion of cyclogenesis in the 
Gulf of Mex ico to ex ter nal con di tions, it may be in ter est ing to con sider the Intertropical Con ver gence
Zone, which is a strip along the equa tor be tween trade winds in the North ern and South ern hemi spheres that 
co in cides with the equa to rial de pres sion, which is a zone of low air pres sure along the equa tor.

The pa per an a lyzes a pos si bil ity of in di ca tion of these pro cesses in the At lan tic re gion be tween the west -
ern coast of Af rica and the Gulf of Mex ico us ing the TPW fields re trieved from the data of mi cro wave ra di -
om e ters on board the DMSP, EOS Aqua, GCOM-W1 sat el lites and eval u ates the re la tion ship be tween the
tem po ral dy nam ics of TPW and the pro cesses of ini ti a tion and evo lu tion of hur ri canes Bret, Lorenzo, and
Katia. The re sults of the the matic pro cess ing of sat el lite data from the RSS (Re mote Sensing Sys tem),
NSIDC (Na tional Snow and Ice Data Cen ter), and JAXA Data Pro viding Ser vice datasets are used.

DY NAMICS OF TPW OVER THE AT LAN TIC RE GION DURING
THE PE RIOD PRE CEDING THE INI TI A TION OF HUR RI CANE BRET

Hur ri cane Bret was orig i nally formed as the trop i cal de pres sion off the Yucatan Pen in sula coast in the 
Gulf of Mex ico on Au gust 18, 1999 at 19.5° N, 94.4° W and gained full strength (wind speed ~230 km/hour)
in the area of the gulf at 26.2° N, 96.1° W at noon on Au gust 22 close to the south ern coast of the USA
(Texas) [7]. The pe riod of its ac tiv ity co in cided with the time of op er a tion of the DMSP F11 (De cem ber
1991–May 2000), F13 (May 1995–No vem ber 2009), and F14 (May 1997–Au gust 2008) sat el lites.

Using the RSS data on TPW over the World Ocean based on the mea sure ments of the SSM/I (Scanning
Sen sor Mi cro wave Imager) ra di om e ters on board the F11, F13, F14 sat el lites, the TPW vari a tions were
stud ied in the zone of 20°–30° N, 70°–30° W in the trop i cal At lan tic with a spa tial res o lu tion of 0.25° ́  0.25
° in the pe riod pre ced ing the ini ti a tion of Hur ri cane Bret in the Gulf of Mex ico. The re sults are pre sented in
Fig. 1 as the time se quence of sat el lite scans.

Fig ure 1 dem on strates the ex is tence of the zone with high TPW (up to 50–60 kg/m2) in the At lan tic
re gion, which moves to ward the Gulf of Mex ico dur ing the pe riod cor re spond ing to the time of the trop i cal
wave prop a ga tion from the west ern coast of Af rica to the gulf [7]. The evo lu tion of this zone can not be
as so ci ated with other trop i cal for ma tions that, ac cord ing to the Na tional Hur ri cane Cen ter ar chives, were
ini ti ated ap prox i mately at the same time as Hur ri cane Bret but had com pletely dif fer ent tra jec to ries.

It should be noted that data on the spatiotemporal evo lu tion of this zone could be more com plete (up to
six ob ser va tions per day) if the re sults of sat el lite sur veys were not lim ited by the blind zones (gaps), which
were formed due to the di verg ing swaths of ra di om e ters at the low (equa to rial) lat i tudes. The de tailed anal -
y sis of the re vealed ef fect on the com plete ness of the spa tial cov er age and tem po ral reg u lar ity of at mo -
spheric hu mid ity fields has been per formed in [3] by the ex am ple of the Gulf of Mex ico.

DY NAMICS OF TPW OVER THE AT LAN TIC RE GION DURING
THE PE RIOD PRE CEDING THE INI TI A TION OF HUR RI CANE LORENZO

Hur ri cane Lorenzo was gen er ated from the trop i cal wave that passed through the west ern coast of Af rica 
on Sep tem ber 11, 2007. It was ini tially formed as a trop i cal de pres sion in the south west ern Gulf of Mex ico
on Sep tem ber 25, 2007 at 21.8° N, 94.8° W and reached the hur ri cane stage on Sep tem ber 28 at 20.5° N,
96.3° W [6]. An in crease in wind speed from 45 to 130 km/hour oc curred here dur ing 42 hours (Sep tem ber
25–27, 2007).

Using the mea sure ment data of the AMSR-E (Ad vanced Mi cro wave Scanning Ra di om e ter) on board of
the EOS Aqua sat el lite (the NSIDC ar chive), the spatiotemporal vari abil ity was stud ied for the TPW field
in the zone of 20°–30° N, 40°–70° W in the trop i cal At lan tic dur ing the pe riod pre ced ing the ini ti a tion of
Hur ri cane Lorenzo, as well as for the TPW field in the Gulf of Mex ico in the zone of 20.75°–28° N,
85.5°–97.75° W in the same pe riod.

Fig ure 2 pres ents the im ages of the pro cesses, ex cept for the ar eas of the Florida Pen in sula, the Ba ha -
mas, and Cuba. This is caused by reg u lar gaps in the NSIDC ar chive data on TPW, sea sur face wind speed,
and other me te o ro log i cal pa ram e ters due to the im pact of the fol low ing fac tors on the re li abil ity of sat el lite
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mi cro wave mea sure ments and re sults of their in ter pre ta tion: prox im ity to the land; heavy pre cip i ta tion; so -
lar ra dio waves; tele com mu ni ca tion and in dus trial ra dio in ter fer ence.

Fig ure 2 in di cates the pres ence of an ex ten sive zone with high TPW mov ing to ward the Gulf of Mex ico
in the At lan tic zone of 20°–30° N dur ing the pe riod of Sep tem ber 21–27 pre ced ing the gen er a tion of Hur ri -
cane Lorenzo and si mul ta neously the TPW growth in the south west ern part of the gulf, which is the zone of 
the hur ri cane ini ti a tion, in that pe riod.

Ac cord ing to the Na tional Hur ri cane Cen ter data, the evo lu tion of this zone in the At lan tic re gion can not 
be as so ci ated with the pro cesses of gen er a tion of other trop i cal for ma tions at that time (Hur ri cane Ka ren on
Sep tem ber 25–29, trop i cal storms Jerry on Sep tem ber 23–24 and Me lissa on Sep tem ber 28–30), since they
were gen er ated ap prox i mately at the same time as Lorenzo but had an other na ture and tra jec to ries. 

DY NAMICS OF TPW OVER THE AT LAN TIC RE GION DURING
THE PE RIOD PRE CEDING THE INI TI A TION OF HUR RI CANE KATIA

Hur ri cane Katia was ini ti ated as a trop i cal de pres sion at noon on Sep tem ber 5, 2017 in the south west ern
part of the Bay of Campeche [5], reached the stage of a trop i cal storm on Sep tem ber 6, and was trans formed 
into hur ri cane that moved to the Mex i can coast at a speed of 170 km/hour.

Using the data of group mea sure ments of the SSMIS (Spe cial Sen sor Mi cro wave Imager Sounder) ra di -
om e ter on the board of the DMSP F17 sat el lite (the RSS ar chive) and the AMSR2 (Ad vanced Mi cro wave
Scanning Ra di om e ter) on the board of the GCOM-W2 sat el lite (the JAXA Data Pro viding Ser vice ar chive), 

RUSSIAN METEOROLOGY AND HYDROLOGY   Vol. 48   No. 8  2023

668 GRANKOV et al.

Fig. 1. The evo lu tion of the field of to tal precipitable wa ter in the dis tin guished At lan tic re gion in the pe riod of Au gust 13–16, 
1999 ac cord ing to the SSM/I ra di om e ters on board of the F11, F13, F14 sat el lites at as cend ing (A) and de scend ing (D) or bits:
(a) Au gust 13, F14, D; (b) Au gust 13, F11, A; (c) Au gust 14, F13, D; (d) Au gust 14, F13, A; (e) Au gust 15, F14, D; (f)  Au gust 
15, F11, A; (g) Au gust 16, F14, D; (h) Au gust 16, F13, A.
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the spatiotemporal vari abil ity of TPW and sea sur face wind speed in the trop i cal At lan tic (15°–35° N,
20°–70° W) in the pe riod pre ced ing the gen er a tion of Hur ri cane Katia was stud ied.

A zone was de tected in the At lan tic Intertropical Con ver gence Zone (Fig. 3) that was char ac ter ized by
high TPW (50–60 kg/m2) and storm val ues of sea sur face wind speed (>25 m/s) and moved from the west -
ern coast of Af rica to the Gulf of Mex ico dur ing the pe riod of Au gust 29–Sep tem ber 4 pre ced ing the for ma -
tion of Hur ri cane Katia. The tra jec tory of move ment of this zone is sim i lar to the one of the top i cal wave,
which ac cord ing to [5] was a rea son for the ini ti a tion of Hur ri cane Katia.

How ever, the move ment of this zone to ward the Gulf of Mex ico is de layed by sev eral days as com pared
to the prop a ga tion of the trop i cal wave (judg ing by the time of its pas sage over the area of the Wind ward
Is lands in the Ca rib bean Sea, south of the Florida Pen in sula) and may ev i dently be con sid ered only as a
sec ond ary (de riv a tive) fac tor as so ci ated with the ini ti a tion of Hur ri cane Katia.

CON CLU SIONS

The pre sented re sults dem on strate that the ef fect of the mi cro wave ra di om e ter scan line di ver gence on
board of po lar or bit ing sat el lites at the low (equa to rial) lat i tudes has an es sen tial im pact on the qual ity of the
sim u la tion of at mo spheric hu mid ity fields that play a sig nif i cant role in the cyclogenesis in the Gulf of
Mex ico. This ef fect leads to gaps (blind spots) in the im ages of at mo spheric wa ter va por fields in the area of 
the prop a ga tion of trop i cal waves ini ti at ing hur ri canes in the gulf from the west ern coast of Af rica to the
Gulf of Mex ico. 

RUSSIAN METEOROLOGY AND HYDROLOGY   Vol. 48   No. 8   2023 

CON NEC TION OF CYCLOGENESIS IN THE GULF OF MEX ICO TO THE WA TE 669

Fig. 2. The evo lu tion of the field of to tal precipitable wa ter in the Gulf of Mex ico dur ing the ap proach of the high TPW zone in 
the At lan tic re gion in the pe riod pre ced ing the ini ti a tion of Hur ri cane Lorenzo: (a) Sep tem ber 21; (b) Sep tem ber 22; (c) Sep -
tem ber 23; (d) Sep tem ber 24; (e) Sep tem ber 25; (f) Sep tem ber 26; (g) Sep tem ber 27, 2007 (ac cord ing to the AMSR-E/EOS

Aqua mea sure ments). The spa tial res o lu tion of the im ages is 0.25° ́  0.25°, and the white ar eas are the AMSR-E blind zones.
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The ef fi ciency of com bin ing mea sure ment data si mul ta neously from sev eral sat el lites is dem on strated
by sev eral ex am ples. Such a method pro vides use ful ex cess, when some re sults of mea sure ments are du pli -
cated and other ones fill gaps in blind zones. In ad di tion, is pos si ble to con fi dently dis tin guish ar eas char ac -
ter ized by high TPW val ues (50–60 kg/m2) that pre cede the ini ti a tion of hur ri canes in the gulf, to mon i tor
the pace of their ap proach to the Gulf of Mex ico, and to eval u ate the con nec tion of their evo lu tion to the
cyclogenesis.

Fur ther ef forts may be aimed at study ing the con nec tion of the spatiotemporal vari abil ity of at mo spheric 
hu mid ity in the area be tween the west ern Af ri can coast and the Gulf of Mex ico not only with the hur ri canes 
ini ti at ing in the gulf but also with trop i cal storms and de pres sions to get a more com plete pat tern of
cyclogenesis in this re gion.
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Fig. 3. The spatiotemporal vari abil ity of TPW (left col umn) and sea sur face wind speed (right col umn) in the trop i cal At lan tic 
dur ing the pe riod pre ced ing the ini ti a tion of Hur ri cane Katia ac cord ing to theSSMIS/DMSP F17 and AMSR2/GCOM W1
radiometers at as cend ing (A) and de scend ing (D) or bits: (a) Au gust 29, F17, A; (b) Au gust 30, F17, A; (c) Au gust 31, F17, D;
(d) Sep tem ber 1, GCOM, A; (e) Sep tem ber 2, F17, A; (f) Sep tem ber 3, F17, D; (g) Sep tem ber 4, 2017, GCOM, D.
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