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ABSTRACT

Snirs  wroducing tracks in the atmosphere are identified
=t thear surtface mreteoroloagical paramaters are  specitied.
Traivtesn case ctudies are presented with satellite 1magery,
el dlesuzsion and surtace mateorclogircal parameters.

& cenposite “environment'” Le derived from reported surtace
<xroliogical parameters and 18 compared with climatoclogi-
Sl conditions of  the region, showing that signiticant
toopeartures  ftrom normal conditiens do not occur. No clear
vrncrztion mechanizsm ls suggested 1n & relationship betwean
te.pative  wina  and  geparation distance of ship and  ship
1o eor, 1indicating a complex relationchip of generation

emlial i EmEs . flthough a limited study, a firm foundation 1is

fvae ib wlace for further research into ship track genesis.
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I. INTRODUCTION
Shily trachks were first observed by Conover in 195,
Concver (19685 presents background and possible explanations
teor observed "anomalous cloud lines'. While cataleoging
vnoptie weather 1n the vicanity of ghap tracks, Conover
1tound  Lwe shipe that cloessly matched the position of ob-
werwed  oiloud lines. He went on to identify the sasurface
wrteor siogical parameters of these two ships. Although the
tam=  suriace maeteosrclogical parameters are reported on  in
tnlz theslse, the approach is difterent. Instead of looking
tir weathelr reporte 1n the area of a ship track, this thesis
st rtfacalily identifies the platform generating the ship
Trash anrt 1ts surface meteorological parameters.
The 1ntent of this thesis is to confirm ship and
Ty Ak
raraneter g

ship
coexlstence and to identify the surface meteorclogical

in the presence of a ship track.

To this end,
studies of surtface weather reports from
1Tl :

ilte=2 2

ship trachks are presented and evaluated.
2 ar

iden-

many reasone to atudy the surtace meteorological
ot shilp trackse. However, two stand out as
First,

s19-
the effect of c¢louds in the earth’s radia-
budget 13 guite important.

By further understanding
surrace meteorological parameters that can alter

cloud




tadiative properties, radiration budget models would be

14

< ot i1ncreased rezl

[\

bttt able to predict are ctivity

Clraliley et. al., 1287,

Serondiy, and ne less important, 1s the identification of
BED surtace meteorclog:ical parameters which would lead to

seelt-generztion of ship tracks. This has obviocug tactical
seilcations, which will not be discussed in this thesis.

Coallley et al. (19&7,, shows that cloud condensation
pucier C2CN: drom ship exhaust increases numbers of droplets
and 1e Tonsgistent with & decrease in droplet size. Hindman
D = PR a2lsc describes the contraibution of both the ahip’s
oobeRnLar wakleé (&1t wake?» and plume dynamics i1n the perturba-
Lawe i the marine boundary layer., Cook and Chaddock (1964
Jeesoraned wand tunnel tests that showed significant turbu-
ienoe astern of an underway shaip.

The resuitant dip 1n dreoplet size yields an increase in

at 3.7 microns (channel 3 of the NQOAA series
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Lateslitaos, The downward shift in droplet size and the
dnlresze an channel 3 reflectavity have been observed (Fia.

aid 13 well documented (Twomey, 1377: Coakley et. al.,

[

Sl bhang o =t. oal., 193¢). It is this change in channel 23
reflectaveity that makes the ship track identifiable from the
~ibilent background cloud.

Alinouyh  =2hip tracks have been observed in many areas
woerlawlde (Salvato, 1992, this thesis specifically studies

=t1p tracits 1n the Pacific Ocean off the west ccocast of the
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Fig. 1. Channel 3 reflectance vs. droplet aize: (after
Fineart, 19&&)
"nitea Statee. Ship tracke were objectively located in
N_2ib-T anc KWIAA-1O AVHRE cata. The period of etudy was 2%
June-18 July 19¢7. By utilizing an archive of ship weather
reports, which wee obtained from Fleet Numerical Oceanogra-
phy Center, ship tracks were matched to the position report-
e 1n their respective synoptic observations. These ship
tracike were further i1dentified by utilizing varicus shipping
datalbasese (Bluth, 193Z).
Following & brief procedural diacuaseion, thirteen cases
«w1ll be presented. Each cese study will include a&a saynoptaic
overview of the eastern Pacific region, & listing of the

pertinent surface meteorologiceal parameters reported by the
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Lap, and 3 comparsative discusaion of the shiptrack’s ap-
pear4anss  1n the image relative to the reported and derived
parameters, Finally, conclusions and recommendations will
b= presented and will include parameter value ranges, possi-
bie errors, and distance ditference statistics, as well as

toa:ible future research directions.
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II. PROCEDURES

rrocedure e 1dentlry the surtace metecrolicgical
taer . 2r shap tracks i1nvolved two major steps. The

ster wasz to  opjectively analyze satellite coverpasses

Lote 2hiay tracks.  The next step was establishing  the

L _t the 3hlp by colocating the ship track with the

reported 1n a synoptic observation.

¢

A. SATELLITE DATA

1

The Satellite
e noixtelllite utilized was the NUAA series of polar

r, specsitically NOAA-9 and NOAA-1@. Both fly 1n a

weeenronsus orbit at an altitude of S22 miles. This

Sariduration gives the possibility of coverage in the area

riRTelest toulr times daily.

The Sensor

The NOAA satellites utilize the Advanced Very High

e olutson kadiomster (AVHRE) to collect radiance data in

rent wavebands (channels). The channele of inter-

V-
'+
23
i

o Lhiz thesls were channel 1 (visible, D8&-.6&8 mi-

=1 2 (near intrared, 3.959-3.93 microns.

W
3
(:
0
o
5
5

zzoiution of the AVHRER instrument ie 1 km by 1  km at

o




3. Processing

Frocezzing was performhed at the U,5. Naval Postgrad-

it Soncoel’s Interactive Digital Environmental Analysis
CIDEA Laboretory. Each case study was originally derived
trar an overpass of NUAA-S or NOAA-lo  AVHRR data. Each
ronannel Y averview was inspected visually to identify  ship-

trazites 1 the 1mage. When a candidate ship track was found,
A2 dtm by 102 km subscene was generated. The final proc-

cuseing step was the "real mapping” of the ship track area

ulhallsy z £ deqrese by o deqree area centered on the ship
“razx ot anteresty. This real mapping placed the image on a

mErocator projection.

B. SURFACE METEOROLOGICAL DATA

Fiecet Numerical Oceanography Center, Monterey, California
-, mMaintains an active archive ot ship synoptic weather
1aports., A subset of this archive was produced and utilized
:n the i1dentifaication of ship tracks.

nce candidate ship tracks were located in each satellite
overpass, the position reported by each ship in its synoptic

repirt was utilized to tind a platform that cbrresponded to

th= Tandidate ship track. The next step was to quality

I3

zheck the 1dentification by matching the overpass ship track

iocation with the extrapolated ship posation. This was
accomplished by utilizing its synoptic locataion along with

tt,  cScurse and speed. Dnce the identity (call sign? was




rzrermined then the following surtface metecrologicel parame-
rari coudid be 1ds=ntified for that ship track:
Total cloud cover 1n octas
Repcrted True Wind
Relative Wind
Reported Course and Speed
Sea Level Pressure in millibars
fir Temperature in Centigrade
Devpoint Temperature in Centigrade
Water Temperature in Centigrade
Low Cloud Cover and Type
e atilizing the courese and speed along with reported true
vand, the relative wind (apparent wind) is found with a
imple vector relation. Ship motion and winds are depicted
on oeah. L1made 1n the rollowing manner:
--Direction of shaip motion P
--True wind direction ‘
--Fzlative wind directiones>
The ar<a that 1s most likely to contain errors within
nis asnalysis, are the meteorological observations. Mer-
~h2nt ships d¢ not earn their money taking observations.
Zpeci1facally, aea surface temperatures are normally injec-
t1on  temperatures taken anywhere from ten to thirty feet

below  the surface, depending on the draft of the ship.

22, a1t temperature and dewpoint are not measured with the

sor=ntifls ascuracy needed for a rigorous study. However,
this "3=neral’” data will give a representative picture of
the Lhip tyrack environment. Aleo the positions reported at




Ly nopLls times may nhot be highly accurate. However, this
=r:or 1o probably within 1¢ nautical miles of truth, and

would naot 1mpact identification.




IIl. CASE STUDIES
hAs  previously discussed, each ship track was obijectively
ixTarea 10 NUAA-9 and NGSAA-1¢9 overpasses. These candidate
~Lilr Yracks were neut compared with positions reported 1in
Lvnaptic  condition  reports. After a gqualaity check was
stromplished, 1dentification of the ship track was complete

el ahnalyses of surface meteorological conditions can  take

A. 3EMB4

Tne shilp ZENB4 was observed in an overpass of NUOAA-1Q  at
152507 w3 local’ on 30 June 1987 (Fig. 2). Fig. 2 shows
svnopticazly, &t this time an  intensifying upper-level
troa2ah was located coif of Oregon and California. The sub-
trowvisei high was located near 15¢W, while ita socuthern lobe
(tendsd  to Baja. The high coupled with a strong thermal
tow inland, produced northwesterly winds throughout the area

mf intersst (Kloesel, et al., 1988). The synoptic report by

SEMOD at .80@Z (1128 local) showed the following surface




Fig. 2. Channel 3 imagery showing 3EMB4: 15502 on 32 June
1987.

ie




Fig. 3. 30 June 1987 12Z NGM Anealysis: S®Q mb heights
(top® and surface pressure/1@00-3¢0 mb thickness

(bottom) .
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g octas total Cover
True wind 33G/8
=

Relative wind S deg stbd 25 kts
C/3 315/195

1214.7 mb
177 Ta
12¢ Td
2iC Tw

& cctas St
e Jdivectien of the ship track matches well with the
12lat1ve wind direction and the analysis in fig. 2. Also
ne  shiptrack 1s located in an area of stratus within the
iwange,  wihlch .2 reported by the ship. The position of the
Srp traTk oin this 1mage i1s 38.17N 128.88W, while the posi-
“.on derived from  3EMB4’s  synoptic reports 1is 38.12N
s W, Thais difterence 1n positions is approxaimately 8.92
naoti1cai miles. The identity of 3EMB4 has yet to be deter-

min=d rTrom shipping databases.

B. 3ELT3

ne ship 3ELTI was observed in an overpass of NOAA-1© at
L9252 <2529 localy on 1 July 1987 (Fig. 4)>. Fig. S5 shows
syniptaisally, at this time in response to the intensifying
upper-ievel trough a small surface trough developed at 36N
1w, with the zontinued intensification of the inland
therma. 1low strong northwest winds continued throughout the
ar=a of 1interest (Hloesel, et al., 1988). The aynoptic
report by 3ELTS at 18002 (1100 local) showed the following

surfaze meteorclogical parameters:

<




Fig. 4. Channel 3 imagery showing 3ELT3: 15292 on 1 July
1987.
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1 July 1987 122 NGM Analysis:

S5¢a¢ mb heighte

(top)

arnd surface pressure 10uvv-50¢ mb thickness (bottomd.
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]

t. octas total cover

True wind ©30/10

Relative wind 25 deg port 15 kts
C/S 125715

1¢17.S mb

[n]

2us Ta
leC Td
2wl Tw

£ octas Sc

Tn

it

dairection o the ship track matches well waith the
re:lative wind direction and the analysis in fig. 3. fliso
tne  shiptrack 1s located in  an area of atratus within the
imadJe, which 1s reported by the ship. The position of the
shirp  track 1n  this 1mage 1s 28.1ZN 1i8.49W, while the

nasitlon  derived from 3ELTZ2’s synoptic reports 1s  27.95N

3

I AV Thise difference 1n positions 1is approximately
4.y nautical miles. The identity of 3ELT3 has been deter-

w.ued to  be  the Merchant Vessel Diamond Highway. This

il

~wel 1o a large roll-on roll-off (ROKO) car carrier that

:5 powored by alesel engines.

C. KSFK

The ship KSFK was observed in two successive overpassea.
e fuirat observation was in an overpass of NOAA-1@ at 16472
vewd T pmals oon x July 1987 (Fig. %). Fig. 7 shows synopti-
Tasanv, att. this Time the small surtrace trough dissipated
vhile the sesouthern lobe of the subtropical high spread
nortn. Winds became more northerly on this day (Kloesel, et

3i. 1982, The surface meteorological parameters reported




Fig. 6. Channel 3 Imagery showing KSFK: 16472 on 2 July
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St 17wl o local) by a nearby (approximately 15 nautical
oaarzl i veathier buoy where as follows:

True wind 3S/5

Relative wind 19 deg port 10 kts
C/S 145/195

1215.1 mr

2T Ta

120 Tw
bode. 2id not pegin to send out  synoptaic reports  unt:l
FERC I Caenad localy 4 July 19g7. Ship locations pricor to

Lloac€ w2re cbtained from shipping databases (Bluth, 1392).

(ner o airection or the ship track matches well with the rela-

<
it

wihil direction and the analyails in fig. . The posi-
ciin oot the ship trachk an this image 18 4¢,79N 125.49W while
the wpevsition derived from shipping databases is  4@.73N
Lo .32, Thise ditference 1n positions is approximately 4,33
edtical miles,

The second observation of KS3FK was in an overpass of
icean ol at 1eodl (@904 locald 4 July 1987 (Fig.8). Fig. 9
shows  synoptically, the axis of the upper-level trough
.eachiifniy the coast. The surface trough reached the coast of
ireegon and Washington, while the subtropical high moved

torami. Th

continued intense thermal iow  over Mexico

18

L -1nas strong and northerly throughout the area of
int—tuit (hicesel, et al., 198&.,. The synoptic repcrt by
VIFR D At 170z (100¢ local) showed the following surface

wele; Ll0aical parameters:




y H 'g}g e { ‘i tr .
Fig. 8. Channel 3 Imagery showing KSFK: 1604Z on 4 July
1987.

!
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Fig.

9.

4 July 1987 122 NGM Analysis! S0 mb heiaghte (top> .
and surface pressure/10Qu-50¢ mk thickneses
tbecttom),
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coctas total cover
True wind 220715
R=lative wind ¢ kts
CsrS 145715

18i6.9 mb
21C Ta
i5C Td
17C Tw

5

Ty
4

M direction of the ship track matches well with the
iwiative  wind direction, in this case the ambient wind is
blowing tnhe shap track "ahead” otf the ship (Fig. 8). Also
the  shiptrack 1s located in an area of stratus within the
iw3i3=z, which I3 reported in by the ship. The position of
e enhup trachk in this image 1s 3@.98N 118.39W while the
wasLitoonn aderived from K3FK’s synoptic reports is  31.@N
A =1 2 This difference in positions is approximately 5.53
roautisal nmiles. The i1dentity of KSFK has been determined to
b+ the MNerchant Vessel Keystone Canyon. Thie vessel is an
o4l tanser that uases geared steam turbine engines for pro-

pul=ao,

D. NLVS

e  ship NLVS was cobserved in an overpass of NOAA-10Q at
lazaly on 2 July 1987 (Fig.1Q@). Fig. 11 shows
svnorercatlls, at this time the small surface trough dissi-
ratea while the southern lobe of the subtropical hagh spread
1orth. Wi.ndes became more northerly on this day (Kloesel, et

Si. locE0,




Fig. 1. Channel 3 Imagery showing NLVS: 16472 on 2 July
1987.

22
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Fig. 11. 2 July 1987 122 NGM Analysis: 5S0emb heights (top)
and surface pressure/1@0o-5S00C mb thickness
(bottom).
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The syvnowntas report by NLVE at 18002 (1loed local) showed the

(1N
-

Llawing surrace meteorological parameters:

& octas total cover

True wind @le/4

kelative wind 1@ deg port 1@ kts

C/s/3 180,15

1215.5 mb

14C Ta

Mo Td reported

14C Tw

8 octas low Cu
The Jirection of the ship track matches well with the
r2lative wind direction and the analysis in fig. 10. &lso
the chiptrack is located near an area of low cumulus within
the imadge, which is reported by the ship. The position of
“he  shap  track i1in this image is 40.91N 125.48W while the

powition derived from NLVE's synoptic reports is 41.14N

L% LS, This difference in positions 1is approximately

fi

13.8% nautical miles. The identity of NLVS is the Coast
suard  Zutter Rush. This vessel utilizes both gas turbines

and diesel engines for propulsion.

E. 3ERV

The ship 3ERV was observed in an overpass of NOAA-1@ at
Lo cOomd local) on 4 July 1987 (Fig. 12). Fig. 123 shows
s noptically, the axis of the upper-level trough reached the
SLast. The surface trough reached the coast of Oreqon and

shangton, whaile the subtropical high moved eastward. The

continued 1ntense thermal low over Mexico kept winds strong




Fig. 12. Channel 3 Imagery showing 3ERV: 16042 on 4 July
1987.

25




Fig. 13. 4 July 1987 12Z NGM Analysis: 5a¢ mk heights .
(top: and surface fFressure/l@00-5¢0 mb thickness
(bottom: .




2l noriherliy throughout the area of interest (Kloesel, et
“d e, L=, The syncptic report by 3ERV at 18008Z (1lleo

ncal shawed the following surface meteorolagical parame-

5 octas total cover

True wingd @lé/182

FRelative wind 5@ deg port 25 kts
C/ 2 120/19

1015.¢ mb

20C Ta
16C Td
19C Tw

& octas 3¢
= direction of the ship track matches well with the
teiative wind direction and the analysis in fig., 12. Also
whe shiptrack s located in an area of stratocumulus within
“hiee 1mwade, which is repcsted by the ship. The position of
the  ship track in this image is 26.861N 119.54W, while the
rositian derived from 3ERV’s synoptic reports is  26.57N
117,52, This difference in positions is approximately 3.39
riauti1z-al mrles. The identity of 3ERV is the Merchant Vessel
Ant o, io. Thise vessel 18 a general dry cargo ship that

stillires Jdairect draive ¢1l engines for propulsion.

The  shiip JHKLE was observed 1n an overpass of NUOAA-10 at
12 X032 (wE3Y locald on 7 July 1987 (Fig. 14). Fig. 15 shows
svnortically, z=onal flow is observed at upper-levels, while

th= subtropical high maintains its position into Oregon and

Jalizornia.  Winde continue to be strong and out of the




Fig-

i4.

Channel 3 Imagery showing JKLQ:
1987.

28

16382 7 July




Fig. 1S5. 7 July 1987 122 NGM Analyais: S0¢ mb  heights
(top) ani surface precsure/10a0-500 mb thickness
‘bottom) .,

X)
Iy




nocrthwest (Kloesel, et al., 1988). The synoptic report by

JHLQ  at  j2edl (1100 local) showed the following surface
neztecronlagical parameters:

8 octas total cover

True wind 34d0/2€

Relative wind 20 deg stbd 45 kts
C/5 200/21

102Z2.0 mb

178 Ta
15C Tda
iee Tw

8 octas Sc

The direction of the ship track matches well with the
1zlative wind direction and the analysis in fig. 14. Also
1= shaiptrack 1s located in  an area of stratocumulus within
“he  1mawe, which 18 reported by the ship. The position of
the ship track in this image is 30.11N 124.e9W while the
Losrtliaon derived from JKL@’s synoptic reports is  30.06N
iiv.29W,. Thise difterence in positions 1s approximately 3,00
uautizal miles. The i1dentity of JKLQ@ 1s the Merchant Vessel
Michiosn Highway, a RORO cargo/vehicle carrier. This vessel

utilirsese o1l .burning =sngines for propulsion.

G. 3EJIS
The ship 2EJIS was observed in three successive overpass-

A
3. The first observation was in an overpass of NOAA-1Q at

3

=

(L

a
1

L.

Z (@333 local? on 7 July 1987 (Fig. 16). Fig. 17 shows
svnoptically, zonal flow 18 obaserved at upper-levela, while

the subtropical high maintains i1te posgsition inte Oregon and

30




Fig. 16. Channel 3 Imagery ahowing 3EJIS: 16392 on 7 July
1387.
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Fig. 17. 7 July 1987 122 NGM Analysis: S0 mb  heighte
(top) and surtface pressure/l1002-50@ mb thickness

(battom».




Caellifornia., Winde continue to be etrong and out of the
rOrChwest tKloesel, et al., 1988). The synoptic report by
JIS at 18wv0Z (1100 local) showed the following surface
netacr sloglrcal parameters:

6 octas total cover

True wind @3@/S

Felative wind 1¢ deg port 5¢ kts

C/S l1l1a/26
loz6.é mb

19C Ta
15C Td
182 Tw

& octas Sc

Tne  direction of the ship track matches well with the
teilative wing direction and the analysis in fig. 16. Also
“he whaiptrack 1as located 1n  an area of atratocumulus within
“he 1mage, which is reported by the ship. The position of
the ship track in this image is 34.02N 134.41W while the
pezitlon deraived from 3EJIS’s synoptic reports ias  34.00N
ioi.229W,. Thise difference in positions is approximately 3.79
tautical miles.

The second observation of 3EJIS is in an overpass of

HIAE -9 at 20372 (1537 local) on 7 July 1987 (Figs. 18 and

yo
g

The sasynoptic report by 3EJIS at 00002 (1700 local)

showsd the following surface meteorological parameters:

1w
w




Fig. 18. Channel 3 Imagery showing 3EJIS: 22372 on 7 July
1987.
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& octas total cover

True wind ©30¢/11

Relative wind 20 deg port 30 ktse
C/3 110/26

1024.5 mb

21C Ta
i18C Td
18C Tw

& octas Sc

The direction of the ship track matches well wits the
relative wind direction and the analysis in fig. 18. Also
the shiptrack ise located in an area of stratocumulus within
the image, which is reported by the ship. The position of
thne ship track in this image is 33.1@N 132.18W, while the
position derived from 3EJIS’s synoptic reports is  33.11N
131 .36W. Thia difference in positions ie approximately
13.21 nautaical miles.

The third observation of 3EJIS is in an overpass of
NDAA-1@ at 16172 (0917 local) on 8 July 1987 (Fig. 20>.
F13. 21 shows synoptically, the zonal upper-air flow contin-
ues, while the subtropical high intensified into Oregon and
Washaington. The winde continue to be out of the north
throughcout the area (Kloesel, et al., 1988). The synoptic
r2eport by 3EJIS at 18002 (1100 local) showed the following

surtace meteorologicel parameters:
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Fig. 20. Channel 3 Imagery showing 3EJIS: 16172 8 Juiy
19°7.
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Fig.

21.

8 July 1987 122 NGM Analysis: Se® mb heaights

(top?

and surface precsure/1002-500 mb thickness

(bottom). .



& octas total cover

True wind 35@/21

Relative wind 50 deg port 25 kts
C/s78 110/25

1619.5 mb
20C Ta
16C Td
18C Tw

8 octas Sc

The direction of the ship track matches well with the
relative wind direction and the analysis in fig. 20. Also
the shiptrack is located in an area of atratocumulua within
the 1mage, which is reported by the ship. The position of
the ship trach in this image is 30.39N 125.11W, while the
position  deraived from 3EJIS’s synoptic reports is 30.35N
i2%.17W. This daifference in positions is approzimately 4.33
nautical miles. The identity of 3EJIS has not vyet been

dotermined from shipping databases.

H. JDXS

The ship JDXS was observed in an overpass of NOAA-10 at
15242 <834 local) on 10 July 1987 (Fig. 22). Fig. 23 shows
synoptically, the upper level was oriented with a ridge
along 140W and a trough along 118W. The surface pressure
gradient weakened slightly as the subtropical high shifted
westward. Winds continued to be moderate and out of the
north. ¢(Kloesel, et al., 1988). The aynoptic report by JDXS
at 18017 (1100 local) showed the following surface meteoro-

logical parameters:
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Channel 3 Imagery showing JDXS:
1387,

40
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Fig. 23. 10 July 1987 122 NGM Analysis: 500 mb heights
(top) and surface pressure/1@22-50¢ mb thickness
(bottom).
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& octas total cover
True wind 000/20
Relative wind 25 deg stbd 35 kts

C/5 315715

1014.2 mb
19C Ta
18C Td

No Tw reported
7 octas Sc

The direction of the ship track matches well with the
relative wind direction and the analysis in fig. 22. Also
the shiptrack ias located in an area of stratceocumulus within
the image, which is reported by the ship. The position of
the ship track in this image is 31.73N 124.59W, while the
positioﬁ derived from JDXS’ synoptic reports is 31.77N
124 .87W. This difference in positions is approximately

i

2}

.97 nautical miles. The identity of JDXS is the Merchant
Vesselt Toyofuiji 1@, a RORO Car Carrier. This vessel uti-

lize=2 a diesel engine for its propulsion.

I. 3EFSS

The ship 3EFSS was observed in an overpass of NOAA-9 at
22472 (1647 local) on 10 July 1987 (Fig. 24). Fig. 25 shows
synoptically, the upper level was oriented with a ridge
zlong 149W and a trough along 118W. The surface pressure
gradient weakened slightly &s the subtropical high shifted

wegtward.
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Fig. 24. Channel 3 Imagery showing 3EFSS: 23472 on 1¢ July
1387,
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Fig. 25. 11 July 1987 @02 NGM Analysis: SC¢ mb heightse
(top) and surface pressure/1000-50v mb thickness
(bottom),
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Winds «continued to be moderate and out of the north (Kloe-
s=l, et al., 1988). The synoptic report by 3EFSS at @o002
“1790 local) showed the following surface meteorological
parameters:

8 octas total cover

True wind ©50/9

kelstive wind 10 deg port 35S kts

c/3 106/28
1e25.6 mb

15C Ta
13C Td
14C Tw

7 octas Sc

The direction of the ship track matches well with the
relative wind direction and the analysis in fig. 24. Also
thne ahiptrack 1s located in an area ot stratocumulus within
the 1image, which is reported by the ship. The position of
the ship track in this image is 44.17N 146.14W, while the
positaion deraived from 3EFSS’s aynoptic reports ia  44.,12N
146 .20W. This difference in positions is approximately 4.69
nautical miles. The identity of 3EFSS has yet to be deter-
mined from shipping databases.
J. ELF28

&

The ship ELFZ8 was observed in an overpass of NOAA-9 at

4

~3292 (163% local) on 11 July 1987 (Fig. 26>. Fig. 27 shows
synoptically, the upper level ridge began to move eastward.
At the surtface, the subtropical high remsined atationary

while the inland thermal low began to dissipate. This

further reduced the offshore pressure gradient, with winds




23352 on 11 July

Channel 3 Imagery showing ELFZ28

26.

Fig.

1587.




Fig. 27. 12 July 1987 002 NGM Analysis: 5S¢@ mb heights
(top) and surface pressure/100Q-500 mb thick-
ness (bottom).
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iignt to moderate out of the northwest (Kloesel, et al.,
LSS, The synoptic report by ELFZ8 at Q9@@@Z (170@ lccal)
gnhnowed the following surface meteorological parameters:

& octas total cover

True wind 34@/18

Relative wind 2@ deg stbd 49 kts

/8 295721

1028.0 mb

18C Ta

18C Td

No Tw reported

8 octas Sc

The direction of the ship track matches well with the

rezlative wind direction and the analysis in fig. 26. Also
the zniptrack 1a located in an area of atratocumulus withain
the  :mage, Wwhich ia reported by the ship. The position of
the chip track in this 1mage is 38.76N 140.48W, while the
positian derived from ELFZ8’s synoptic reports is 38.67N
l4v.449W. This difference in positions is approximately 5.91
nautical miles. The identity of ELF28 is the Merchant

Vesge ] Nosac Skaukar, a RORO car carrrier. This vessel

utiliz=s diesel engines for propulsion.

K. JKES

Tne ship JKES was observed in an overpass of NOAA-9 at
L2232 (les5 lecal) on 11 July 1987 (Fig. 28). The synoptic

situyat.on 1s discusaed in section i and ies shown in fig. 27.
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Fig.

28.

Channel Imagery showing JKES:
1987.
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The svnoptic report by JKES at @@eZ (17@d local) showed the
tollowing surface meteorological parameters:

& octas total cover

True wind 28@/7

Relative wind © deg 35 kts
C/S 2828

i1028.2 mb

18C Ta
16C Td
15C Tw

No low cloud code reported

The direction of the ship track matches well with the
relative wind direction and the analysis in fig. 28. The
position of the ship track in this image is 4@.34N 141.94W,
whiie the position derived from JKES’ synoptic reports is
40,07 141.91W. This difference in positions is approxi-
matelv 4.57 nautical miles. The identity of JKES 1is the
Merchant Vessel Mackinac Bridge. This vessel’s type and

propulision are yet unidentified.

L. 3FOC
The ship 3F0OC was observed in an overpass of NOAA-9 at
JZ392 0 (1€25 local) on 11 July 1987 (Fig 29). The synoptic

sltuation is discussed in section 3 and is shown in fig. 27.

Sa
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Fig. 29. Channel 3 Imagery showing 3FOC: 23
1387.

352 on 11 July




The svnoptic report by 3FOC at 20002 (1700 local) showed the
rollowing surface meteorological parameters:

8 octas total cover

True wind 202/3

Relative wind 5 deg stbd 39 ktse
C/S 105/25

1027 .Q@ mb
18C Ta
ieC Td
16C Tw

& octas St

The direction of the ship track matches well with the

0

relative wind direction and the analysis in fig. 29. Also
the shaiptrack 1s located in an area of stratus within the
imaqe, which 1s reported by the ship. The position of the
zhip  track 1n this 1mage is 41.48N 14@.47W, while the
wczition derived from 3F0C‘s synoptic reports is 41.33N
140, 27W, This difference in positions is approximately
10.82 nautical miles. The identity of 3F0OC is the Merchant
Vessel  Appolo Peak, a general dry cargo ship. This vessel

utilizes direct drive oil burning engines for propulsion.

M. SVO@Q
The ship 9V0Q was observed in an overpass of NOAA-9 at
TE2EZ (18325 local) on 11 July 1987 (Fig. 3©@). The synoptic

cituation 12 discussed 1n section j and is shown in ftig. 27.

]
8




23352 on 11 July

J'.EL g7

74

o3
-

123

3

a
o
| >
(A
o
[~
-~
3
0
£
0
>
&
9
o
L
&
[
m
—~
o
=
c
L
y o
O

30.

Fig.




The svnoptic report by 9V0OQ at 03002 (170Q local) showed the
tcllowing surface meteorclogical parameters:

8 octas total cover

True wind 320/17

Relative wind 3@ deg port 20 kts
C/S 110/28

1028.7 mb
19C Ta
17C Td

Noe Tw reported
3 octas Sc

The direction of the ship track matches well with the
relative wind direction and the analysis in fig. 30. Also
the shiptrack is located in an area of stratocumulus within
th= 1mage, which is reported by the ship. The position of
tne ehip track in this image is 41.39N 134.37W, while the
pozition derive from 9V0OQ’s synoptic reports is 41.37N
i74.282W. This difference in positions is approximately 1.34
nautical miles. The identity of 9V0OQ is the Merchant Vessel
Neptune Garnet, a container ahip. This vessgel utilizes

direct drive oil burning engines for propulsion.

N. ELHBS

The ship ELHB9 was observed in two successive overpasses.
Thie first cobservation was in an overpass of NOAA-10 at 160932
v localr on 13 July 1987 (Fig. 310, Fig. 32 shows
synoptically, the upper level ridge has moved eastward over
the FPacitic Northwest. While at the surface the subtropical
high ha2 moved northwestward and the inland thermal low
strenathened somewhat. Winds have increased and are still

wut of the northwest (Kloesel, et al., 1988). The synoptic




Fig. 31. Channel 3 Imagery showing ELHB9: 160SZ on 13 July
1987.
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Fig. 32. 13 July 1987 122 NGM Analysis! SO mb heighte
(top) and surface pressure/100-50¢ mki thickness
(bottom).




report by ELHES at 18002 (1100 local) showed the {fcollowing
zuriace msteorological parameters:

8 octas total cover

True wind 390/7

Relative wind 5 deg stbd 35 kts
S/C 2390/25

1015.7 mb
16C Ta
142 Td
16C Tw

8 octas Sc

-3
»

direction of the ship track matches well with the
relative wind direction and the analysis in fig. 31. Also
the shiptrack is located in an area of stratocumulus within
he i1wage, which 1s reported by the ship. The position of
rthe ship track an this 1mage i1es 35.28N 123.43W, while the
position  derived from ELHB9’s asynoptic reports is 35.14N

123.45W., This difference 1n positione is approximately 8.92

The next obeervation of ELHBY is in an overpass of NOBA-9
at 23332 (1603 local) on 14 July 1987 (Fig. 32). Fig. 33
snow: synoptically, the upper level ridge continues to move
tnland., At the surface, the subtropical high strengthens
and moves eastward while the inland thermal low also in-

z313<s  in intensity. This coupling increases winds over

ot

he area oi interest (Kloesel, et al., 1988). The synoptic

cr
1

repart by ELHBY at @000Z (170@ local) showed the following

surrace metecrological parameters:




Fig.

32.

Channel
1987.

3 Imagery showing ELHB9:

S8

23032 on 14 July
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Fig. 33. 1% July 1987 @02 NGM Anslysis: ©5Sv0 mb heights
(top) and surface pressure/100C-50¢ mb thickness

(bottom? .,
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€& octag total cover

True wind 030/25

Relative wind 50 deg stbd 3@ kts
C/S 280725

1025.2 mb

17C Ta
14C Td
18C Tw

€ octas Sc
ne Jdirection of the ship track matches well with the
relative wind direction and the analysis in fig. 32. Also
tne shaiptrack is located in  an area of stratocumulus within
the 1mage, which 1s reported by the ship. The position of
the ship track in this image is 38.71N 136.08W, while the
poesition deraived {from ELHB9’e synoptaic reports is 38.73N
=S.rle., Thia difference in positions is approximately
1.7 nauticz2l miles. The identity of ELHB9 is the Merchant
“gs2l Neptune Agate, a container ship. This vessel uti-

iizee Jresel engines for propulsion.

[
[




IV, ANALYSIS
Trirteen case studies were presented with discussions of

synaptic patterns as well as  local surface conditions.

—

Txble 1l summarizee this data, and alac includes propulsion

i

tvps and ahip to snip track separation information. Also by

14

one,

rving the relation between relative wind and distance

bpetweaen ship and ship track (fig. 38>, factors invelved in
asneration  of ship tracks should be able to be postulated.
i1 aavecticn of the CCN’s was the draiving force a positive
r=lation between relative wind and ship to ship track sepa-
ration would be shown (dashed line in fig. 34). Conversely,
1t the momentum (turbulence) wake astern of the ship were an
important factor a negative relation should exist (sclid
lyne 11n +fig. 34). Fig. 34 shows that neither of these
ci1tuations clearly exist, and suggests that ship track
Generation 1s a complicated procesa that involves more than
theie two technigues alone. In addition; the steam and o0il
=ngrne propelied shipe had a smaller separation diatance
“harn  did the diesel plattorms (4.81 and 4.64 nm vice 1l.66
ny . A rossible hypothesis for this situation i1s that the
plumz dynamics and CCN concentrations are different for each

promursion Class.
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Relative Wind (kts)

0] 2 4 6 8 10 12 14 16 18 20
Separation Distance (nm)

2 Qil £ Steam & Diesel

Fig. 34. Relative Wind versus Separation of ship from ship
track: dashed line--advection effect
solid line--turbulent wake effect
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Jurtace meteorological parameters were found to be the

TCLliowing composite!l

7.9 octas total cover (6 - 8 octas)

True wind 13.5 kts (3 - 26 kts)

RKelative wind 29 kts (@ - 5@ kts)

1v21.1 mb (1014.8 - 1027.2 mb>

18.2C Ta (21C - 1z2C»

17.eC Td «¢18C - 12

1g.2C Tw (Z1C - 120

.8C Ta-Tw (-4C - 4C)

7.6 octas St/Sc (3 - & octas)
on the zverage, the ship track environment is characterized
L w1gh humidity, cool temperatures, low broken to overcast
srlEs, a moderate wind, cceanic temperatures near the air
renpelature, and all located within a high pressure environ-
Pt . This characteristic environment is not extraordinary
vwhen compared with climatologicsal conditions during July in
the north Pacitic (Fett, et. al., 1979; Kloesel, et.
31.,1988.,

fs mentioned 1n an earlier section, the area of greatest

errolrs are in the specific measurements of air temperature,
dewpelnt, and sea surface temperature. Although, scientifi-
~aily theee errors can be significant, the data still por-
tray a general picture of the composite ship track environ-
ment . &lsc, with only thirteen cases which occur throughout
~he majeritv of the eastern Pacific basin (24N-46N and 117W-

i48%W) statistics are not reliable. A statistical separation

a2z not 22em to exist between the composite ship track
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lincertainties 1n the data not withstanding,

t is consistent with

and the typical July esstern Pacific environ-

this

the ubiquitous nature of observed

tracks i1in the eastern North Pacific.
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V. CONCLUSIONS AND RECOMMENDATIONS
Trne purpose of this thesis was to confirm ship and ship
traclkk coexistence as well as to identify their surface
metecrological parameters. Thirteen case studies were

praesentea WL1th discussions of synoptic patterns as well  as

{T

tzal zurtace conditions. The primary result is that thir-
teen ditfierent ships were conclusively i1dentaified as origins

st obzerved ship tracks.

Noo 2

!

ar qgensration mechanism was seen in & comparison of

1
—
ik
r+
-
-
W

wind and ship to ship track separation. This would

-utosats that the generation of ship tracks 1s a complicated

crocsss that  involves many factors. Although, in this
smalyols seteam and oil propulsion plants showed a smaller

‘9.1 nm and 4.&4 nm) separation of ship to ship track than
dxa diesel power plants (11.66 nm).

The general composite of the ship track environment does
et show significant departures from normal conditions in
the =aztern Pacific basin during July. This is consistent
with the fact thet observed ship tracks are numerous in the
teenion during July.

Future research into the ship track environment will take

num=srcus avenues. Some priority areas should be:




--3hip track radiative characterigtics and appearancé
veerwue s=hip type. Thie researcn should continue to enhance
the database and enable real time classification from image-
rv.

--Craft of Opportunity (C00)>, should be employed to

turther detine the environment in which ship tracks develop.

Trivrt

ig

zn ships have been identified in this thesis as

Y] a

qeneyators”, efforts should be made to ride these ships
tnrough  tfavorable environments (the Keystone Canyon makes
winyaases  between Valdez, AK and the Panama Canal) and accu-
t52ly measure surtace meteorological parameters to  include
EES temperature, dewpoint, surface pressure, sea surface
temparature, ten meter winds, and any others deemed relevant
Ly future research. Also, since it is not well documented,

wtuires of the turbulent boundary layer astern of the ship,

and the characteristics of the exhaust plume would be criti-

c:al. Fxact (Global Position Satellites) position informa-

t:on  would ke important to the study of separation of ship
tram ship track .

--Snips, in the vicinity of ship tracks and else-
whers, which do not make ship tracks seshould be studied,
meginning with an overview of the surface meteorclogical
prarameters, and eventually integrating with CO0 1investiga-

tionz,., C05 measurements can be made when there i1s no appar-




=nt  =2hilip track in a satellite overpasse. Then a sascientitfi-
cally  agourate comparison can be accomplished between the
shaip track and no-ship track environments,

hlp tracks hsve now been positively associated with their
Jenersting piatforms. A significant foundation is in place

fov future research into ship track genesis.
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