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Vertical Sections of Semimonthly Mean Temperature 
on the San Francisco-Honolulu Route: From 
Expendable Bathythermograph Observations, 

June 1966-December 1974 

J. F. T. SAUR,l L. E. EBER,2 D. R. McLAIN,3 and C. E. DORMAN4 

ABSTRACT 

Frequently repeated sections of expendable bathythermograph observations between San Fran
cisco and Honolulu, taken by merchant vessels during the period June 1966 through December 1974, 
were analyzed to obtain mean seasonal cycles. Results are depicted in a set of semimonthly vertical 
sections of mean temperatures to 500 m and in a set of corresponding sections of 30-day mean 
temperature changes to 200 m. In addition, seasonal cycles at selected depths are included along with 
mean monthly vertical profiles for seven typical locations along the route. 

The analyses reveal geographic and temporal facets of the mean thermal structure, including: 1) 
depth of the surface mixed layers in winter, 2) growth and decay of the seasonal thermocline, 3) 
decrease in depth of the permanent thermocline from Oahu to the California coast, 4) a region of 
temperature inversions or very weak vertical temperature gradients that develops between 50 and 100 
m during the spring in the Transition Zone, and 5) the location and movement of warming and cooling 
regions during the year. 

Vertical mixing appears to be the dominant process along most of the route for transmitting the 
annual surface warming and cooling cycle downwards to depths of 100 to 150 m. However , advective 
processes are active in the California Current. 

Tables of semimonthly mean temperatures are given in an Appendix. 

INTRODUCTION 

Vertical sections of mean subsurface temperatures 
from the surface to 500 m, presented here , were derived 
from a time-series of sections of expendable bathy
thermograph (XBT) observations made from June 1966 
through December 1974 by merchant ships between San 
Francisco, Calif., and Honolulu, Hawaii (Fig. 1). The 
ob ervational program was developed by Saur and the 
data collected under the direction of the National 
Marine Fisheries Service ( MFS). With technical as
sistance from the Fleet Numerical Weather Central 
(FNWC), XBT systems were placed on merchant ships 
and observations were made routinely by the ship 's 
mate . Saur and Stevens (1972) described the XBT 
system, ob ervational procedures, and early projects for 
obtaining observations from cooperating ships. 

Collection of subsurface temperature observations on 
the San Francisco-Honolulu route began when the first 
production models of the XBT system became avail
able. The work started as a 1- to 2-yr feasibility and 

I outhwest Fisheries Center La Jolla Laboratory, National Marine 
Fisheries Service. NOAA, La Jolla, Calif.; present address: Scripps In
stitution of Oceanography, La Jolla, CA 92093. 

. outhwest Fisheries Center La Jolla Laboratory, ational Marine 
Fisherie Service, NOAA, La Jolla, CA 92038. 

IPacific Environmental Group, National Marine Fisheries Service, 
NOAA. Monterey, CA 93940. 

'Department of Geological ciences, an Diego State University, San 
DIego, CA 921 2. 

development project on the use of the system aboard 
merchant vessels. It was then continued as an ocean 
monitoring project, and is now a part of a coordinated 
program among FNWC, MFS, and NORPAX ( orth 
Pacific Experiment) programs to obtain XBT observa
tions in the Pacific . The data are now routinely collected 

Figure I.-Three great circle routes between Honolulu 
and U.S. west coast ports, on which frequent XBT obser
vations have been made by cooperating merchant ships, 
and a schematic representation of the three upper ocean 
regimes in the area. Mean subsurface temperatures 
reported here are for the an Francisco-Honolulu route 
for which the longest time series-starting in June 1966-
exists . 



Hnd selected vertical sections of the temperature 
distribution, with individual XBT profiles, have been 
published regularly in Fishing Information5 since March 
1972. 

The ship routes between Honolulu and U.S. west coast 
ports cross the eastern limb of the major anticyclonic 
gyre of the North Pacific Ocean. If we confine our atten
tion to the upper ocean, from the surface to a few hun 
dred meters, we can identify three oceanic regimes: the 
California Current and the Eastern North Pacific Cen
tral waters separated by a Transition Zone (Fig. 1). 

The waters in the California Current are mainly cooler, 
lower salinity waters of subarctic origin that are modified 
in their slow southeastward movement along the Cali 
fornia coast. The Eastern North Pacific Central waters 
are warmer, higher salinity waters that occupy about the 
southwestern one-half of the route. 

The Transition Zone is a complex region, not yet fully 
understood. In our region of interest it is bounded on the 
south and southwest by the subtropical front (Roden 
1971,1975). On the north and northeast it is bounded, re
spectively, by the subarctic front (Dodimead et a1. 1963) 
and some type of southeastward extension of this fea
ture, which LaFond and LaFond (1971) called the Cali
fornia Front. Saur (1974) described criteria for identify
ing these regimes from the XBT profiles, changes in 
slopes of isotherms in the vertical sections, and accom
panying surface salinity observations. Laurs and Lynn 
(1977) discussed features of the Transition Zone from 
oceanographic observations made in June of several dif
ferent years by fishery research vessels. 

Mean temperatures presented here provide a base for 
study of temperature anomalies (Dorman and Saur 1977, 
1978) and for further research on the relation of tempera
ture variability to air-sea interaction and the changing 
environment of marine organisms. 

METHODS 

Observations 

The time-distance distribution of XBT observations 
for the period June 1966 through December 1974 is shown 
in Fig. 2. The great circle distance from a reference point 
near Oahu was used for location. About 90% of the obser
vations were made by ships on the great circle route. 
Some departures from the great circle track resulted 
from storms and the fact that tankers of Chevron Ship
ping Company generally followed a rhumb line (constant 
heading) course. For these observations taken at loca
tions displaced from the usual route by 100 to 150 km, 
the use of great circle distance from Oahu tends to 
minimize temperature errors, because the general orien
tation of isotherms in the upper layers is northwest-

5Fishing Information is a National Marine Fisheries Service monthly 
publication, containing fishery advisory information and environmental 
charts for the equatorial and North Pacific Ocean. It is compiled and dis
tributed by the Southwest Fisheries Center, National Marine Fisheries 
Service, NOAA, P.O. Box 271, La Jolla, CA 92038. 
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Figure 2.-The time-diatance distribution of XBT observations on or 
near the San FrancIsco-Honolulu route from June 1966 through 
December 197,1. Location of an observation is measured by its great 
circle distance from an offshore reference point (lat. 21°12'N, long. 
157°42'W) near Honolulu. 

southeast. The San Francisco end of our section is a point 
on the edge of the continental shelf a short distance 
south-southwest of the Farallon Islands and 3,800 km 
(2,050 n.mi.) from the reference point. 

With the exception of the first year and one-half when 
only four observations per day were scheduled, the XBT 
observations were taken on a 4-h schedule related to the 
ship's watch, rather than at prespecified "stations." 
Thus the location of observations along the route differs 
from one section to another. Also, the distance between 
observations depended upon the ship's speed. Of those 
ships cooperating in the program, normal speeds were 
either about 16 to 17 kn or about 22 kn, so that the dis
tance between observations was about 120 km (65 n.mi.) 
or 165 km (90 n.mi.), respectively. The slower ships would 
generally get 27 to 30 observations per transit and the 
faster ships about 17 to 20 observations. A few sectiona 
with more closely spaced observations for special studies 
were made when scientific personnel were aboard. 

The frequency of sections reflects the growth and 
change in character of the project. With the exception of 
six sections made by oil tankers in the summer of 1970, 
all of the observations from the beginning of the project 
in June 1966 through January 1971 were made from one 
vessel, Californian, a bulk-cargo and container vessel of 
Matson Navigation Company. This 17-kn ship made a 
round trip about every 18 to 21 days, generally making 
observations on one 5-day leg only. During this period 
several gaps of 4 to 8 wk duration occurred because of 
ship repair schedules, short labor strikes, and equip
ment failures. 



A prolonged maritime strike in 1971 interrupted the 
series for two periods of nearly 3 and 5 mo each. A faster 
(22 kn) ship, Hawaiian Enterprise, made most of the sec
tions in 1971 and 1972, resulting in more frequent sec
tions but with greater spacing between observations. As a 
part of the International Decade of Ocean Exploration 
(IDOE) programs, we began instrumenting other ships in 
late 1972 for other routes, but which also would make 
sections irregularly on the San Francisco route. Using 
these ships, the frequency of sections on the San Fran
cisco route was increased in 1973 and intense coverage 
was obtained in 1974. 

For the entire period from June 1966 through 
December 1974 there was a total of 4,913 observations 
(Table 1). A number of the sections did not have com
plete coverage, with the coverage generally being poorest 
near either end of the route. This should be considered 
when interpreting the computer analyses which will be 
presented. 

Instrumentation 

The basic sensing and recording system used through
out the period was the Sippican XBT system. Progres
sive improvements were made in the recorder by the 
manufacturer-some partially due to the field ex
periences from this project-during the first few years, 
1966-68. Since then, the recorder, with pressure sensitive 
paper and !ill option switch for 460 m (1,500 ft) or 760 m 

(2,500 ft) depth recording, has remained essentially un
changed. 

The XBT system initially installed aboard the Cali
fornian included an experimental digitizer (developed by 
FNWC) with analog signal input from a retransmitting 
slidewire in the XBT recorder and digital output onto a 
5-level punched paper tape at depth intervals of slightly 
less than 3 m (Saur and Stewart 1967). This was a dual 
purpose output for testing radio transmission of data to 
FNWC and for subsequent computer conversion, ashore, 
onto magnetic tape for permanent archives. The digitizer 
system became unstable after April 1969 which made the 
output unsuitable for archiving data . Although commer
cial digitizing systems were tried with some of the new 
recorders installed on other ships in 1971 and 1972, all of 
the data used herein from May 1969 onward were derived 
from the analog traces. 

Sippican model T-4 XBT probes (460 m) were used 
during the first 1.5 yr of the project. We switched to use 
of model T-7 probes (760 m) in November 1967, to try to 
minimize probe-to-probe temperature errors by cor
recting deep temperatures to a smoothed deep level 
temperature (e.g., 600 or 700 m). This plan proved to be 
unworkable because the deep level temperatures could 
be offset to warmer temperatures by insulation failures 
on the wire and such a bias could not always be 
recognized with certainty by examination of the analog 
traces or vertical sections. At a later date mesoscale ed
dies were discovered and appeared to have deep 

Table I.-Number of expendable bathythermograph (XBT) sections by cooperating ship 
and total observations by year on the San Francisco-Honolulu route. 

Year Total 
1966 1967 1968 1969 1970 1971 1972 1973 1974 sections 

Matson Navigation Co. 
Californian 10 15 18 15 15 5 6 84 
Hawaiian Enterprise 4 '18 19 ' 26 67 
Hawaiian Citizen 1 
Hawaiian Queen 10 10 

Chevron Shipping Co. 
Idaho Standard 3 3 
Washington Standard 2 2 
McGarragill 
Chevron Californian 2 4 
Chevron Mississippi 4 5 

States Lines 
Michigan 
Idaho 

American President Line 
President Cleveland 

Pacific Far East Line 
Monterey 2 1 3 
Mariposa 9 9 

U.S. Coast Guard 
USCGC Midgett 2 2 

Total sections 10 15 18 15 21 12 20 29 54 194 
Total observations 204 329 550 435 592 229 453 635 1,486 4,913 

'11-16 February 1968 section had two XBT drops at each 4-h interval. 
' Includes one special section, 27 April-l May 1974, with hourly observations by R. L. Bernstein 

and C. A. Collins. 



temperature changes equal to or greater than temperature 
error of the probes manufactured in 1968 and later. 

As the cost of probes rose in the early 1970's we 
returned to using T-4 probes. With the merchant ships 
the amount of wire on the probe was the limiting factor 
on depth of the XBT observation. We found that the 
manufacturer's safety margin of excess wire on the probe 
usually permitted a reliable determination of 
temperature to 500 m. 

Initial Processing 

The procedures for initial processing of the observa
tions into digital form on magnetic tape evolved as the 
project developed. 

As noted earlier, the XBT system used during 1966-69 
aboard the Californian included an experimental 
digitizer with a punched paper tape output. Most of the 
observations through April 1969 were computer 
translated from this output, which was regularly 
calibrated with the manufacturer's test canister on the 
visit to the ships before and after each voyage. In cases of 
digitizer failure significant points were read by eye from 
the analog traces, as were all observations for May
December 1969. Some sets of observations from 1967 to 
1968 were semiautomatically digitized by FNWC in the 
early stages of development of its XBT digitizing system 
for computer determination of temperature-depth inflec
tion points. 

When the NMFS Pacific Environmental Group (PEG) 
was established in Monterey, the 1970 and later observa
tions were digitized on an analog-digital table, under the 
supervision of McLain and using the facilities and com
puters of FNWC. The digitizing procedures generally fol
lowed those used at FNWC, described by Dale and 
Stevens (1970), except as modified by McLain at PEG to 
handle the NMFS data separately from FNWC data, to 
digitize analogs from T-4 probes to 500 m, and to plot 
vertical sections. 

Quality Control 

Preliminary vertical sections of the distribution of 
temperature were constructed, at first by hand and later 
by computer, for quality control. Saur reviewed each 
data set for possible errors utilizing the preliminary sec
tions, analog traces, and continuity from section to sec
tion. Locations of observations were plotted to help check 
positions and an independent check of time and distance 
between observations was made against the ship's speed. 
For observations through 1970, copies of marine weather 
logs on which positions of 6-h weather observations were 
logged independently of XBT logs were also used to cor
rect time and position errors. 

The data checks were made to eliminate large errors 
due to instrument failure not detected before digitizing. 
These were of several types: 1) erroneously high 
temperatures throughout a trace due to defective ther
mistors or insulation failure from the start, 2) insula
tion failure during the probe descent which would intro-

4 

duce bias toward higher temperatures in the remainder 
of an analog record, and 3) slippage of the friction 
clutch on the chart drive, which occurred mainly in early 
years before we became more experienced with the XBT 
system. Corrections were made at a later time when 
temperature values were interpolated at 5-m intervals 
between the surface and 300 m and at lO-m intervals 
between 300 and 500 m depth, for the computer analysis 
of temperature fields. 

Computational Procedures 

The determination of the vertical sections of mean 
subsurface temperature presented herein involved three 
steps: 1) Conversion of observed temperatures from 
each section to temperatures on a standard 
grid; 2) computation of a seasonally varying mean at 
each grid point by least squares fit of 12-, 6- , and 4-mo 
harmonics; and 3) reconstruction of gridded 
temperature fields from the harmonics, spatial smooth
ing, and contouring of vertical sections. The computer 
programs used for this were adaptations by Eber of those 
he prepared at SWFC to map environmental variables in 
marine weather observations for presentation in Fishing 
Information. 

1. Conversion to a standard grid.-It was previ
ously mentioned that observations were not taken at the 
same predetermined location from section to section. 
The first step was to analyze observed values from each 
section to a standard rectangular grid, using a procedure 
from Eber's EDMAP6 (Environmental Data Manipula
tion, Analysis, and Plotting) program. 

The grid was selected with a distance interval of 92.5 
km (50 n.mi.) and a depth interval of 10 m. This resulted 
in a grid of 42 by 51 points representing a vertical section 
3,800 km (2,050 n.mi.) by 500 m. Distance and depth 
were converted to grid coordinate units for the 
temperature analysis . 

The procedure scanned the data list and fitted 
temperature values to the grid. Each observation con
tributed to the values at its nearest grid points according 
to an inverse weighting scheme based on distance from 
the observation to each of the grid points. The weighting 
factor decreased to zero at one grid length. If no observa
tion was found within one grid length of a grid point, it 
was flagged as a "no data" point in that section. 

The procedure can be viewed as a refinement of center
ing the observational data within 185-km (100 n.mi.) by 
20-m blocks that have a 50% overlap between adjacent 
(both vertically and horizontally) blocks. However, if 
there is more than one observation within a block, each is 
weighted according to the distance to the center of the 
block and the number of grid points it will affect. (The 

'Unpublished documentation of the EDMAP program is on file at the 
Southwest Fisheries Center, National Marine Fisheries Service, NOAA, 
La Jolla, CA 92038. 



procedure give omewhat greater weight to an oh erva
tion near a grid JXlint than would a weighting of I-R', 
where H is the di tance in fraction of a grid length.) If 
there i only one okervatlOn within a unit grid area and 
there fire no ob ervation in any oj the ~urrounding grid 
orellS, the observed value would he a igned to each of 
the four nearest grid poinu. 

The middate of the ob ervation in a given ection wa 
a sl!{ned to it corresponding grid field for later use in 
determining harmonic coefficients. 'I hu the maximum 
time error for data at either end of the sectIOn would be 
about 2.0 to 2.6 days. 

2. Least squares harmonic fit. -In order to e tabll h 
a smooth mean seasonal cycle for each gridpoint, a least 
squares lit was made for the harmonic function 

J 

T" - (A,,), , , + ~ (Ancosnwt + Ell in~t) " 
fI =1 

where u.' 21!/:i6.'), t is the day of the year, and L and} are 
gridpomt indices. Robinson (1976) also used the first 
three harmonics of the Fourier functIOn for time smooth
ing of monthly mean values of mechanical bathyther
mograph data (to 400 ft) for the North Pacific Ocean. 
Since our initial gridded fields were not distributed at 
equal inten'als in time, the term which normally di ap
pear in harmOniC analysis of evenly spaced data (due to 
orthogonality) are not zero when applying the least 
square~ fit. Seven simultaneous equations for least 
~quares fit were solved to determine the seven unknown 
constants to repre~ent the mean temperatu ~ and the12-, 
6-. and 4-mo cycles. 

To avoid overweighting certain years because of 
greater sampling frequency, a set of harmonic constants 
was determmed for each of three time periods: June 
1966·December 1970,1971-73, and 1974. The first period 
was selected because of the consistency of the 'ampling 
mentioned earlier. The year 1974 was analyzed separate
I . becam,e of the unu ually high-density. ampling. The 
observations from 1971 and 1972 were considered as 1 yr 
and combined with 1973. 

Constantli from the three periods were weighted and 
com billed by D0rman to proVide the mean com;tanu, 
repre::.entatiw of the 1966-74 period. \\eight~ a~:-H!o:T1ed to 
the periods were Illi toIl0w~. 

Period 

,June 1966-Delember 1 70 
1971-1973 

1974 

WeI ht 

4.5 
2. 
1.0 

:l. \'('rliesl M"'tion!i of m 'an temperatuI'l' and mcan 
tempt'rature chsngt'.-Appendl 1 C ntam- \. rtical 
. ('( t illn~ )1 the mean t mperature tru tur alon th 
H0nolulu -~sn F rancI"ro rout ,to d pth.~ of m, r 24 
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qually pac cI tim 
\ nien e of Id ntificatlOn th 
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'I he data field for cach of th 2 m an 
wa rccon tm ·ted from th harmOniC fun 
grid point. Be au the tim moothlO 
~quar fit was IOdep ndent from pomt to 
moothmg wa applied to th • gnd field 
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t th urface the annual period is predomlDant at all 
locat On' Fi . -g). The annual range was smallest 
about 4°C) near ahu, large t about iOC) lD the Tran
Iti n Zone, and again mailer near the California coast 
about 5°C). From near Oahu to the California front, the 

c'cl at 50 m dimini hed in amplitude and the summer 
m imum lag ed that at the urface by 1 to 2 mo. At the 
101li hOlty core of the California Current (Fig. 3f) the 
ummer maximum penetrated almost simultaneously 

fr m the urface to 2 m. In the inshore area, California 
urrent (Fig. 3g) . the temperature range at SO m was 
mall about 1 ° ). Here the minimum and the maximum 

temperatur lagged th e at the surface by about 4 mo, 
and appear to be related to the occurrence of upwelling 
and th ub urface countercurrent, respectively. 

Ii 'ed Layers and Thermoclines 

Th urface mixed layers reach their maximum depth 
in .... "Inter, mid-February through early April, Appendix 
1. I eptru of the mixed layers were generally at least 100 
m, ex pt they decreased to 75 m near California. They 
iii r deepe t, about ISO m, in the central part of the sec
tIOn (2, to 2,2 km) in the neighborhood of the sub
troPI I front. 

\\ co ider the permanent thermocline to be the 
on of the maximum vertical temperature gradient in 

"'"Inter (January through March); vertical sectiollB of Ap
pendiX 1 and profiles of Figure 4. In the western half of 
th tlOn it wru deeper (2 to 2SO m) and warmer (15° 
to 17° ) than in the alifornia Current region where it 

lay at aeptlis of 0 :20 m andnacrtem-peranIre 
to 13°C. The seasonal thermoclines are formed by v 

ing in pring and summer (May through SeptembeJ 
are generally confined to the upper SO to 100 m whi 
vertically mixed in winter. In the California C 
region the seasonal thermocline merged with the 
nent thermocline into a single feature, whereas 
Transition Zone the two thermoclines were separa 
the spring by temperature inversiollB (next sectio 
later by a near thermostad (vertically isothermal) 
Figure 4<1 . The latter was particularly evident i 
summer (July through August) sectiOIlB by the s 
slope of the 15°-19°C isotherms at depths from SO 
m at distances of 2,000 to 3,000 km from Honolulu. 
Eastern North Pacific Central waters from Honol 
near 1,800 to 2,000 km along the route, a layer of 
vertical temperature gradient occurred betwee 
seasonal and permanent thermoclines. 

Temperature Inversions 

A characteristic feature found by Saur (1974) 
individual profiles in the Tr8llBition Zone (betweel 
and 3,000 km from Honolulu) was the occurrence 0 

plex vertical thermal structure, especially in the 
months. The thermocline would often be interrup 
isothermal layers and temperature inversiollB ap 
in some profiles. These were attributed to interl« 
by horizontal mixing, of layers of cool, low-salinit) 
with warmer, higher salinity water of nearly tht 
density. These features usually are relatively sm 
and transient, so that during our computation of ) 
they were generally smoothed out. However, 

o 
~ 20 o 
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re 4.-Monthly profiles of mean temperature (OC). for warming an d cooling periods at seven typical locations (shown by diamond on inset 
t); distance from offshore reference point near Honolulu and geographic coordinates as in Figure 3. a. Near Oahu. b. Eastern North 
fic Central Water. c. Subtropical front. d. Transition Zone. e. California front. f. Low-salinity core of the California Current. 
lshore region of California Current. 

Ilperature inversions remained in the vertical sections 
~ppendix 1, e.g., the 15°C isotherm in the 01 April sec
n, the 15°-17°C isotherms in the mid-April section, 
1 16°-17°C isotherms in the 01 May section, and the 

I
c isotherm in the mid-May section. It appears that, 
the average, when surface warming begins in the 
ing and vertical mixing is suppressed, the warmer, 
her salinity Eastern North Pacific Central waters 
~ad toward the California coast around 100 m, under
[ning the low-salinity, modified subarctic waters 
ich are still cool around 50 m. 
n winter months, e.g., mid-January section of Appen
[ 1, there appeared to be a temperature maximum at 
• base of the mixed layer between 1,200 and 3,000 km 
ng the section. From an examination of individual 
lfiles it was found that these were not typical of usual 
ditions. There was almost always an isothermal layer 
the top of the thermocline. The apparent maximum 

lted from the tendency of the three harmonics to give 
Ilr-surface temperatures for this area in winter which 
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were slightly low, 0.1 ° to 0.2°C. The weak horizontal 
temperature gradients and vertical exaggeration of the 
section, amplified the effect in the computer contoured 
sections. 

Structure Below the Permanent Thermocline 

Below the permanent thermocline, the slopes of the 
isotherms can be used to separate the section into two 
regions. The lOoC isotherm is typical. In the western part 
of the section from Honolulu to about 1,800 km it 
generally changed depth by less than 50 m, i.e., the slope 
was less than 3 m/100 km. In the eastern part of the sec
tion, from a point at 2,200 km on the section to near San 
Francisco (3,800 km) the depth of the lOoC isotherm 
decreased by 150 to 200 m, or a slope of greater than 9 
m/100 km. The smaller slopes are associated with the 
Eastern North Pacific Central waters, while the steeper 
slopes were associated with both the California Current 
and Transition Zone regions. 
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Figure 4.-Continued. 

Coastal Upwelling 

Reid et al. (1958) have described upwelling and the 
subsurface countercurrent along the California coast 
from repeated detailed oceanographic observations by 
the California Cooperative Oceanic Fisheries Investiga· 
tions (CalCOFI) program. Some effects of upwelling also 
appear in XBT mean temperatures, although sampling 
was poor at the California end of the route . In January, 
Appendix 1, the 9°C isotherm was closest to the surface 
(about 130 m) some 200 km from the California coast, 
but bent downward to 150 m at the coast. About late 
March the 9°C isotherm began to rise and reached a 
depth of about 120 m at the coast by mid-June, so that it 
then had nearly a uniform upward trend approaching the 
coast. Starting in September it began to sink again at the 
coast and the "ridge" in the isotherm again moved 
gradually offshore and by mid-November had returned 
to the position 200 km offshore where it was in January. 

Coastal upwelling causes a delay in the onset of sum· 
mer warming and a reduced range of the seasonally vary· 
ing mean temperature. In the inshore area of the Califor· 
nia Current (Fig. 3g), after a nearly constant winter 
temperature of about 12°C, summer warming at the sur· 

8 

d. TEMPERATURE,oC 

00 5 10 15 20 2 
I 

AF~ ' fi I2?J tp '~ r..y !::: '1(- A (l 
,:I' .Ltff 

100 

E 200 

:r: 
t-a.. 
w 
0 300 

l 

400 C /. . 
. . 

500 

I~r 
5 10 15 20 2 

i 

MAR'y I 1 J~ 
~m r.- 1&L 

,t-Y ..ru. 
, ~N 

E 200 ~ 
:r: 
t-a.. 
w 

300 ~ 0 
-AT • POS l' 

400 'L] 
,,- .,.. 

face did not begin until late Mayor early JunE 
pared with April or May farther offshore (Fig. 3 
in the inshore area the September tempera 
imum reached only 16°C, for an annual rang 
4°C, whereas farther offshore (Fig. 3f) it reacn 
for an annual range exceeding 5°C. 

California Subsurface Countercurrent 

In the vertical sections of Appendix 1 the d 
ing of the 6°,7°, and 8°C isotherms from 200 kn 
the California coast shows warmer water a 
coast (at depths of 200 to 500 m) than offsll 
agrees with observations of Reid et al. (1 
reported the existence of a narrow northwar 
undercurrent against the California coast and 
m. An exception occurred during April and 
the 8°C isotherm rose to about 200 m at the c 
indicates that upwelling normally reached to tl 
during these months. Another exception was t 
level approach to the coast of the 8°C isotherm 
August to mid-September. This may reflect a 
summer upwelling period, but might just be tn 
inadequate sampling immediately adjacent to 
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Figure 4.-Continued. 

The 30-Day Temperature Changes 

The lower panels of the figures in Appendix 1 show 
contours of temperature change in the upper 200 m dur
ing 30-day periods (of a 360-day yr). The maximum rate 
of warming was 2°C/mo in June at the surface near 2,600 
km, which is in the Transition Zone . The maximum rate 
of cooling was just over 1.5°C/mo during November and 
December in the same area. The rate of cooling was 
smaller because the cooling takes place over a depth of at 
least 50 m whereas the warming is confined to a shal
lower layer of about 25 m. There was very little 
temperature change at any depth throughout the section 
from mid· March to mid-April, but there was no cor
responding period in the fall. 

In the fall period the downward mixing of heat into the 
upper thermocline as the surface cools is evident over 
most of the route in the temperature changes (Appendix 
1) and in the vertical profiles (Fig. 4a-g). Beginning in 
August a subsurface maximum of warming appeared just 
above 50 m throughout most of the section. The level of 
maximum warming moved downward during the fall 
reaching 100 m in Dec"mber. During this time the sur
face was cooling and a strong gradient of temperature 
change developed between the surface cooling and the 
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subsurface warming. The maximum subsurface warm
ing decreased as its depth increased with time, and sub
surface warming essentially disappeared by February. 

The patterns of temperature change in the California 
Current region differ from those over most of the section. 
For example, from September through November and at 
distances of 3,200 to 3,400 km along the route, cooling ex
tended downward from the surface to 200 m, at least. 
This created a break in the pattern of the warming max
imum at 50 m, which existed over the rest of the section. 
A secondary center of cooling below 100 m occurred at 
2,700 to 2,900 km on the route. These changes were as
sociated with the development of a wave pattern in the 
isotherms along the permanent thermocline. The centers 
of cooling were associated with a steepening of the slope 
of the isotherms in the corresponding vertical sections, 
whereas in between these centers the isotherms flatten 
out. The steepening and flattening indicate a splitting of 
the broad flow of the California Current into filaments of 
stronger and weaker flow, respectively. The cooling pat
tern propagated westward along the section at a speed of 
about 100 km/mo (3.8 cm/s). 

There was a counterpart center of warming which ap
peared in mid-December in the California Current region 
(around 3,400 km and 90 m) and which could be followed 
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Figure 4.-Continued. 

truough early April propagating westward, also at the 
rate of 100 km/mo. This warming, however, was as
sociated with the disappearance of the previously men
tioned wave pattern along the thermocline . 

From considerations of heat balance we may infer from 
the patterns of temperature changes that over most of 
the section vertical mixing dominates in transmitting the 
surface warming-cooling cycle downward to subsurface 
levels of 100 to 150 m. In contrast, horizontal advection of 
heat may be dominant in the California Current to 
depths of 200 to 300 m. The cause of the growth and 
decay of the wave pattern on the thermocline in the 
eastern part of the sections should be investigated. 
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APPENDIX 1 

Vertical Sections of Mean Temperature and Mean "30-day" Temperature Change 

This Appendix contains 24 vertical sections of mean temperature (OC), from the surface to 500 m, between San 
Francisco and Honolulu (upper panel) and spaced at 15-day intervals of a 360-day yr. The lower panel is a vertical sec
tion to 200 m showing the 30-day changes in temperature and centered on the date of the temperature section above it. 
For convenience the sections are labeled as: 01 January, mid-January, 01 February, etc., through mid-December. 

The grids of mean temperature were spatially smoothed, as explained in the text, before being contoured. 
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APPENDIX 2 

Tables of Mean XBT Temperature 

'his Appendix contains 24 tables of mean temperatures (0C) spaced at equal intervals throughout the year, 
:esponding to the temperature sections of Appendix 1. Each table contains, at alternating grid points, i.e., intervals 
85 km (100 n.mi. ) on the San Francisco-Honolulu route, the mean temperature for selected depths, in meters. The 
ill temperatures are those computed from the fitted three-component harmonic function for the given distance and 
th o These temperatures were abstracted from the complete grid, without smoothing. 
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19.9 20.0 19. 5 19. 5 18 . 6 1S.5 17.9 17.3 17. 0 16 . 6 16.0 15.7 14. 9 13.3 12.3 11.3 10.2 10 .1 9.4 8 . 8 

17.517.717.117.116.1 16.0 1~.4 14.614.213.713.212.712.110.710.3 9.6 9.2 9 . 0 8 . 5 8.1 

14.514.714.614. 211 .41 3 . 3 12 .91 2.3 12 .111.511.111. 0 10.5 9 . 6 9.2 8 . 7 8.3 8.2 7.8 7.5 

11. 9 12.11 2.111. 9 11. 6 11.ij 11. 3 11. 0 10.9 10. 3 10 . 0 9.9 9.3 8 . 6 8 . 3 7.7 7.5 7.4 7.2 7.0 

120 

(Hl 150 

200 

250 

300 

400 

500 

8.6 8.9 8 . 9 9 . 0 9 . 0 d . 8 8 . 8 R. 6 B. 6 8 . I 7.9 7.B 7.3 6 .7 6.6 6 . 2 6.2 6 .1 6.2 6 .1 

6.8 6 .7 6 .7 6 . 8 6 . , 6 . 5 6.7 6 . 6 6 . 6 6 .4 6 .1 6.1 5 . g 5 .~ 5 . 5 5 . 3 5 . 4 5 . 3 5 .4 5.5 

N HI 50 150 250 350 4';0 550 6"0 750 850 950 1050 115 0 12 50 13 50 lij50 15 50 1650 1750 1 850 1950 

KM 91 278 463 649 8]4 10 lY 12"5 1 390 151<; 17 6 1 1946 2131 23 17 2502 2687 2872 JOSH 3243 3ij28 36 14 

U T 5 TAN C ;: 



MEAN XBT TEMPEAATUAE9 OEG-C 01 MAACH 

D 

E 

P 

T 

o 23.3 23.2 22.6 22.2 21.6 21.3 20 .7 19.8 19.3 lB. 8 lB.l 17.6 17.0 16.0 15.6 14.9 14.2 13.8 13.0 12.2 

10 23.223 . 222.622.221.1' 2 1.1 20 .71 9.719 .3 lB.8 lB.l 17.617.015.9 lS.5 14.9 14.113.712.912.2 

20 23.123.222.622.121.6 21. 3 20.6 19.7 19.318 . 8 18.1 17 . 6 16.9 15.9 15 . 6 14.9 14.1 13.6 12.9 12.2 

30 23.123.222.522.121.5 21. 2 20.0 19.7 19.3 lB.8 lB.l 17.5 17.0 15 . '1 15.6 15 . 0 14.2 13.6 12.8 12.1 

40 23.023.122.422.021.521.220 .61 9.719.31 8.8 lB.l 17. 5 17.015.915.515.014.113.612.711.9 

50 22.9 23.1 22.321.9 21.4 21.120 . 6 19.7 19.2 l B.9 lB.l 17.4 16.9 15.8 15.4 15.0 14.1 13.5 12.5 11.7 

60 

70 

80 

90 

, 100 

120 

22.7 22.9 22.2 21.8 21.121.0 20 .4 19.6 19.1 lE.8 18 .n 17.4 16.8 15 .7 15.3 14.9 14.0 13.5 12:3 11.4 

22.6 22.8 22.1 21 .7 21.1 20 . 9 20 .3 19 . 5 18.9 18.6 17.0 17.3 16.8 15.7 15.4 15 . 0 14.0 13.5 12.2 11.0 

22.4 22 . 6 21.9 21 .7 21 . 0 20.8 20.2 19.4 18.8 18.6 17.'1 17.3 16.8 15.7 15 . 3 14.9 13. 9 13.4 12.0 10.4 

22.2 22.3 21.7 21.5 20.9 20.7 20.1 19.3 18.7 18.6 17.'1 17 . 4 16.9 15.8 15.2 14.7 13.7 13.0 11.5 9.9 

21.9 22.0 21.5 21.3 20.7 20 . 5 19.9 19 . 2 18.6 le.6 17.Q 17 . 3 16.9 15.7 14.9 14.1 13.1 12.4 11.0 9.6 

21.321.521.020 . 720.119.919.318.618.1 1E.1 17.716.716.514.91).613 . 011 . 9 11. 2 10.3 9.2 

19.9 20.1 19.E 19.6 18.6 18.b 1H.0 17.316.'1 16.7 15.9 15.5 15 . 0 13.1 12.2 11.3 10.5 10 .1 9.3 8.7 

17.4 17.7 17.3 17.1 16.1 16.2 15.5 14.6 14.0 13.9 13.2 12.5 12.1 10.7 10 . 2 9 . 6 9 . 3 9 .0 8 .5 8.0 

14.5 14.7 14.7 14.3 13.4 13.4 12.9 12.3 12.0 11. 6 11.7 10.9 10.S 9.6 9.2 B.6 B.3 8 . 2 7.8 7. 5 

11.9 12.1 12.1 11.9 11.6 11.5 11.3 10.9 10.8 10.3 10 .0 9.8 9.3 8.6 8 . 3 7.7 7.5 7.4 7.1 6 .9 

(II) 150 

200 

250 

300 

400 

500 

8.7 8.9 B.9 9.0 8.9 8.9 B.B 8.6 8.5 E. 2 7.9 7.7 7 . 4 6.7 6.6 6 . 2 6 . 2 6.1 6.2 6.1 

6.7 6.7 0.7 6.8 O.S 6 . 6 6.6 6.5 6 . 5 6.3 6 .1 6.0 6 . 0 5.5 5.6 5 . 3 5.4 5.3 5.4 5.5 

N "I 50 150 250 350 450 ~50 6 ~0 750 850 950 1C50 1150 1250 1350 1450 1550 1650 1750 1850 1950 

K" 93 278 461 649 834 1019 12 0 S 1390 1575 1761 194~ 2131 2117 2507 2687 2872 3058 3243 3428 3614 

U1STANCE 

MEAN XBT TEMPEAATUAE9 DEG-C MID-MAACH 

D 

E 

T 

o 23.4 23.2 22. 7 22. 2 21. 6 2 1. 2 20. 5 19.7 19. 1 18 . 7 17.9 17. 3 16.8 15.8 15.4 14. 8 14. 1 13.5 12.9 12.2 

10 23. 3 23. 1 22. 6 22. 1 21. 6 21. 2 20 . 5 19 . 7 19. 1 18. 7 17.9 17.3 16.8 15.7 15.3 14.8 14. 1 13.5 12.8 12.2 

20 23.223.122.622.121.521.120.5 19. 6 19.118.717.'1 17.2 16.7 15.7 15.314.814.113.412.7 12.2 

30 23.223.122.622.121.521 .1 20.419 . 6 19.1 le.7 17.'1 17.2 16.8 15.7 15 . 3 14.8 14.2 13.4 12.7 12.1 

40 23.123.122.522.021.42 1.1 20 .419.619.118.7 18.n 17.216.815.715.314.814.213.412.611.9 

50 23.0 2),0 22.4 21.9 21.4 21.1 20.4 19.6 19.1 lE.8 18.0 17.2 16.8 15 .7 15 .2 14.8 14.1 13.3 12.4 11.6 

60 

70 

80 

90 

H 100 

120 

(II) 150 

22.8 22.9 22.3 21.8 21.2 21.0 20 .3 19.6 19.0 18.7 17.9 17.1 16.8 15.6 15.2 14.8 14.0 13.2 12.3 11.3 

22.6 22.7 22.1 21.7 21.0 20 . 8 20 . 2 19.4 18.8 lE.5 17.8 17.1 16.7 15.5 15 .2 14.8 14.0 13.1 12.2 11.0 

22.4 22.6 21.9 21.6 20.9 20.7 20.1 19.2 18.7 1B.4 17.8 17.1 16.6 15.5 15 .1 14.8 14.0 13.0 12.0 10.5 

22.122.321.821.420.720 .61 9.919.118.618.317.717.0 16.7 15 .51 5.114.713.912.711.610.0 

21.9 21.9 21.6 21.2 20.5 20 .4 19.7 19.0 18 .4 1B.3 17.7 17.0 16.7 15.5 14.9 14.3 13.5 12.2 11.0 9.6 

21.3 21.5 21.120.8 19.9 19.B 19 . 1 1B. 5 18.0 18 . 0 17 . 5 16.6 16.5 14. '1 13 .9 13.3 12.4 11.0 10.2 9.2 

20.0 20.1 20 . 0 19.6 18.6 18.6 1B . 0 17.3 16. 8 1E. 8 15.'1 15.5 15.1 13 . 2 12.1 11.5 10. 8 10.0 9.3 8.7 

200 17.3 17.6 17 . 5 17.2 16.1 16.1 15 . 6 14.6 13.9 14.0 13.2 12 . 4 12.1 10 .R 10.2 9 . 6 9.4 8.9 8.5 B.l 

250 

300 

400 

500 

14.4 14.7 14.B 14.3 13.4 13.5 12.9 12.2 11. 8 11.7 11.3 10.8 10.5 9.6 

11.812.012.11 2.011.711.5 11. 2 10 . ~ 10 . 7 10 . 3 10 .1 9.7 9.4 8 . 6 

8.7 B.9 d . 9 9 .1 8 . 9 B.9 ~ .7 8 . 6 8 . 4 E. 2 7.'1 7 . 6 7.5 6 . 7 

6.6 6.6 6.7 6.9 6.6 6 . 6 b . 6 6.5 b .5 6.3 6.7 5.9 5 . 9 5 .6 

9 . 2 8 .7 8.4 B.l 

B. 3 7.8 7.6 7.3 

6 . 6 6 . 3 6 . 2 6.2 

5.7 5 . 3 5.4 5.3 

7.8 7.5 

7.1 6.9 

6.2 6.0 

5.5 5.5 

N "I 50 150 250 350 450 <50 6~0 750 850 S50 le50 11 50 1250 1350 1450 1550 1650 1750 lB50 1950 

K" 93 278 461 649 B14 101'1 1l"5 1390 157S 1761 1941' 2131 2317 2502 7687 2872 3058 3243 3428 3614 

o T 5 TAN C E 



MEAN XBT TEMPERAT R 9 DEG C 01 APRIL 

o 23.5 23 . 2 22.8 22.3 21.7 21.2 20 .5 19. 9 19.1 l E.7 17.8 17.1 16.7 15.7 15.3 14.9 14.2 13.4 12.8 12.1 

10 23.523.222.722.221.621.220.5 lQ.8 19.1 18 . 7 11.R 17.1 16. 6 15 .6 15.3 14.814.113.312.712.1 

20 23.423.222.722 . 221.621.120.419.819.1 l E. 7 17.8 17.1 16.61 5 . 615.214.814.213.312.712.0 

30 23.323.122.7 22.2 21.~ 21.120.319.719.118.7 11.R 17.1 16.6 15.715.214.814.213.312.712.0 

40 23 . 223.122.622.121.421.120.319.719.118.711.917.116.7 15 .715.214.814.213.312.611.8 

50 23.1 23.0 22.5 22.0 21.4 21.0 20 . 3 19.7 19 .1 lE.7 17.9 17.1 16. 8 15 .7 15.2 14.8 14.2 13.2 12.5 11.5 

D 

E 

60 

70 

22.9 22.8 22.4 21.9 21 . 2 21.0 20.2 19.6 19.0 18.6 17.9 17.1 16. 8 15.6 15.2 14.8 14.1 13.0 12.4 11. 2 

22.8 22.7 22.2 21.8 21.0 20.8 20 . 2 19.4 18.9 18.5 17.9 17.0 16.7 15.6 15.2 14.7 14.1 12.9 12.3 10.9 

80 22.5 22.5 22.0 21.7 20.9 20.7 20 . 0 19.2 18.8 18.3 11.R 17.0 16. 6 15 .5 15.1 14.7 14.1 12.7 12.1 10.5 

T 90 

H 100 

120 

(H) 150 

200 

250 

300 

400 

500 

22.2 22.2 21.8 21.5 20.7 20.5 19.7 19.1 18.6 18. 2 17.7 17.0 16. 6 15.5 15.1 14.7 14.1 12.5 11.7 10.0 

21.9 21.9 21.6 21.3 20 .5 20.3 19.5 18.9 18.4 18.1 17.6 16.9 16.6 15 .4 15.1 14.5 13.8 12.0 11.1 9.6 

21.4 21.4 21.1 20.8 19.9 19.7 18.9 18.4 17.9 17.9 17.4 16.7 16. 5 15.0 14.2 13.6 12.8 10.9 10.2 9.2 

20.0 20.0 20.0 19.7 18.7 18.6 18.0 17.3 16.8 16.8 15 .q 15.6 15. 2 13.3 12.2 11.7 11.1 9.8 9.3 8.8 

17.2 17.5 17. 6 17.2 16.2 16.3 15 . 6 14.6 13.9 14.0 13.2 12.4 12.1 10.9 10.2 

14.2 14.6 14.8 14.4 13.5 13.4 12.9 12.2 11. 8 11.7 11.1 10. 8 10. 6 9.7 9.2 

11.711.91 2.112.111.711. 6 11. 210.910 .610.410.1 9.6 9.5 8 .6 8.3 

8 .6 8 . 8 8 . 9 9.2 8 . 9 8 . 9 8 .7 8 . 6 8.3 8 . 2 8.0 7.5 7.5 6 .8 6.6 

6.5 6.6 6 .7 6 . 9 6.7 6.7 6 . 6 6 . 5 6.4 6 . 3 6.2 5.9 5 . 9 5.6 5.7 

9 .8 9.4 

8.8 8.5 

7.9 7.7 

6 .5 6.4 

5.4 5.5 

8.8 

8.1 

7.3 

6 .2 

5.4 

8.5 8.1 

7.8 7.5 

7.1 7.0 

6.2 6.1 

5.5 5.5 

H ~I 50 150 250 350 450 550 6~0 750 850 950 1050 1150 1250 1350 14 50 1550 1650 1150 1850 1950 

K" 91 278 463 649 &J4 1019 1205 1390 1575 1761 194n 2 131 2317 2502 2687 2872 3058 3243 3428 3614 

DIS TAN C E 

MEAN XBT TEMPERATURE9 DEG-C MID-APRIL 

U 23 .7 23.4 23 . 0 22.5 21 . 9 21.4 20.6 20 . 2 19.4 18.9 17.9 17.2 16.7 15.9 15.5 15.0 14.3 13.4 12.8 12.0 

10 23 .7 23.4 22 9 22.4 21 . 9 21.4 20.6 20 . 2 19.3 lE.8 17.q 17.1 16.7 15.8 15.3 14.9 14.3 13.4 12.7 11. 9 

20 23.6 23.3 22.9 22.4 21 . 8 21.3 20.5 20 .1 19.3 18.8 17.Q 17.1 16.6 15.8 15.2 14.9 14.3 1).3 12.7 11.8 

)0 23.6 23.2 22.8 22 . 4 2 1.7 2 1. 2 20 . 4 20 .1 19.2 18.8 17. 8 17.1 16.6 15.8 15 .2 14.8 14.) 13.3 12.7 11.8 

40 23.4 23.2 22 .7 22.3 2 1.6 21 .1 20 . 3 2e . 0 19.2 l E.7 17.9 17.1 16.6 15.8 15.2 14.8 14.3 13.3 12.7 11. 6 

50 23.3 23.0 22.6 22.2 21.5 21.0 20 . 2 19.9 19.2 18.6 17.Q 17. 2 16.7 15.8 15.2 14.9 14. 3 13. 2 12.7 11.3 

o 60 

E 70 

p 80 

T 90 

H 100 

120 

(M) 150 

200 

250 

300 

400 

500 

23 .122.822 .4 22 . 021 . 321 .0 20 . 219.719.118.617.917.2 16.8 15.8 15.3 14.8 14.3 13.0 12.6 11.1 

22 .9 22.6 22.3 22.0 2 1.1 20 . 9 20 .119. 5 19.1 18.5 17.~ 17.2 16.8 15.8 15.3 14.8 14.2 12.8 12.4 10.8 

22.6 22.4 22 .1 21.8 21.0 20.7 19.9 19.3 18.9 18 .3 17.9 11.1 16.7 15.7 15. 2 14. 8 14.2 12.7 12.1 10.5 

22 . 322. 1 2 1. 921.620 . 720 . 5 lY.7 19.2 18.7 18 .1 11.8 17.1 16. 6 15 .7 15.2 14.7 14.11 2.41 1.710. 0 

22 .1 21.8 21 . 6 21 .4 20.~ 20 . 3 19.4 18.9 18.5 l E.O 17.6 17.0 16.6 15.5 15.2 14.6 13.9 11.9 11.1 9.7 

21.4 21.2 20 .q 20.9 19.8 19.6 18 .7 18.4 17. 9 17.7 17.3 16 .8 16.4 15 . 2 14.5 13.9 13.0 10.7 10.1 9.2 

19.9 19.9 19. 8 19.8 18.7 lB.4 17.9 17.3 16 .8 16.7 15 .Q 15 .8 15 . 2 13. 5 12.5 11.8 11. 2 9.7 9.4 8.8 

11. I 17.3 17.5 17.2 16. J 16 . 2 15 .6 14.7 14.0 14.0 13.2 12 . 6 12. I 11.0 10.3 9.9 9.5 8.8 8.6 8.2 

14.1 14.5 14.6 14.5 13.7 13.3 12 .9 12.3 11.8 11.7 11.4 10.8 10. 5 9.A 9.3 9 .0 8.6 8.1 7.9 7.6 

11. 5 11. 8 11.9 12.2 I1.A 11. 5 11.2 10.9 10.6 10 .4 10.2 9 .7 9.5 B. 8 8.3 8.0 7.8 7.3 7.2 7.1 

8 . 5 8 . 8 d . 9 9 . 2 9.0 8 .9 8 .7 8.6 8.3 E. 2 8 .0 7.6 7.5 6 .9 6 .6 6.6 6.5 6.3 6.2 6.2 

6 . 6 6.7 6 . 8 7.0 6.8 6 . 7 6.6 6.5 6 .4 6 . 3 6.7 5 . 9 5 . 8 5 . 6 5 .7 5.5 5.6 5.5 5 . 5 5.5 

N ~I 50 150 250 3~0 4~0 550 6~0 7 50 850 950 lG50 1150 1250 1350 14 50 1550 1650 1750 1850 1950 

93 278 463 649 814 10 19 12"5 1390 1575 1761 194fi 2131 2317 2502 7687 2872 3058 3243 3428 3614 

DIS TAN C E 

27 



MERN XBT TEMPERRTURE9 DEG-C 01 MRY 

24.023 .7 21 .1 22.H 22.1 21 . R 21.1 20.7 19.919.2 le.3 17.6 17.116 . 415.915.4 14 .7 13 .71 2 . 9 12 . 0 

10 24 . 0 23.7 2] . 2 22 . H 22 . 1 21 . 7 21 . 0 20 .7 19.8 19.2 18.2 17.5 17 . 0 16 . 3 15.7 15 . 3 14 . 6 13 . 6 12.9 11. 9 

20 23.q 23.7 21.2 22 .7 22.2 21 . 7 2u . 9 20.7 19.R 19.2 18.2 17.4 16 . 9 16.2 15.6 15 . 2 14 . 6 13.5 1 2 . 9 1 1 .7 

30 23.9 23.5 23.0 22.6 22 . 0 21 . " 20.8 20 . " 19.7 19.1 18.0 17.4 16. 8 16.1 15 . 4 15.0 14.4 13.4 1 2.8 11 .6 

40 23.7 23.4 22 . 8 22 . 5 21.R 21.3 20.6 20 . 3 19.5 19.0 18.' 17.4 16.8 16.0 15.4 15.0 14.4 13.4 12.9 11.4 

50 

n 60 

23.5 23.1 22.6 22.4 21.~ 21.' 2v.4 2e .l 19.4 18.8 1&.0 17.4 16.8 16.0 15.4 15.0 14.3 13.3 1 2 . 8 11 .2 

23.2 22.8 22.~ 22 . 3 21.' 21.0 20 . 2 19.8 19.3 18.7 18.n 17.4 16.8 16.0 15.4 14.9 14.3 13 .1 1 2 . 7 10.9 

23.0 22.6 22.2 22.1 21.1 20.8 21J .1 19.6 19.2 18.6 18.0 17.4 16.9 16.0 15.5 14.9 14.3 13.0 12 . 4 10 . 7 

22 . 7 22.3 22 . 021 . 9 21.1 20 . 6 1~.9 19.5 19.1 18.4 18.n 17.4 16.8 16.0 15.4 14.8 14.2 12 . 7 12 . 110.4 

22.4 22.1 21.8 21.8 20." 20.4 19.6 19.1 18.8 18.2 17.q 17.3 16.7 15.q 15.3 14.7 14 . 0 12.4 11.7 10.0 

22.121.821." 21 . 5 20,5 20.2 l'l.3 19.0 18.<; lB.l 17.7 17.216.715.715.314.613.911.811.1 9 . 7 

E 70 

p 80 

" 90 

11 100 

120 

(H) 150 

200 

250 

300 

400 

500 

21.421.120.720.919.9 19.5 1~.7 18.4 18.0 17.7 17.2 17.0 16.415.314.713.912.910.710.1 

19.9 19.8 1'1.5 19.8 18.? 18.3 17.8 17.4 16.8 16.7 15.q 16.0 15.3 13.7 12.8 11.8 11.2 

17.117.317.217.416.415.9 lS.6 14.H 14.2 14.0 13.112.812.111.110.5 

14.014.414.414.7 lJ . 9 13.3 12.9 12.512.011.811.410.910." 9.8 9.4 

11.4 11.8 11.H 12.3 11.9 11.5 11.3 11.0 10.7 10.5 10.2 9.8 9.5 8.9 8.4 

8.4 8.8 8.Q ~.2 9.1 8.9 8.8 8 . 6 8.3 E.3 8.1 7.6 7.4 7.0 6.6 

6.6 6.7 o.~ 7.0 7.0 6.8 6.7 6.6 6 .4 6.3 6.2 5.9 5.8 5.6 5.6 

9.9 9.5 

9.0 8.7 

8.1 7.8 

6.6 6.5 

5.5 5.7 

9.7 9.4 

8.7 8.6 

8.1 7 . 9 

7.4 7 . 2 

6.3 6 . 1 

5.6 5.4 

9.3 

8.9 

8 . 3 

7 . 6 

7.2 

6 . 3 

5.6 

N MI 50 150 25G 350 45n 550 b'iO 750 B50 950 1G50 11 50 125 0 1350 1450 1550 1650 1750 1850 1950 

KM 91 278 463 649 814 1019 12~5 1390 1575 1761 1946 2131 2317 2502 2687 2872 3058 3243 3428 3614 

DIS TAN C E 

MERN XBT TEMPERRTURE9 DEG-C MID-MRY 

D 

E 

T 

o 24.324.221 . 721.322.122 . 321.821.120 .51 9 .818.918.317.7 17.116 . 616.015.214.313 . 312.2 

10 24.3 24.2 23.7 23.2 22.8 22. J 21 .7 21. 3 20.5 19.8 18.8 lB . 2 17.6 17.0 16.4 15.8 15.1 14. 1 13 . 2 12 . 0 

20 

30 

40 

50 

60 

70 

80 

90 

H 100 

24.124.123.5 21 .1 22 .7 22 . 2 21.5 21 . 2 20 .4 19.7 18.7 lB.l 17.5 16.R 16.2 15.7 15 . 0 14.0 1 3 . 111.8 

24.2 24.0 23.3 23.v 22.; 22.0 21 . 4 21 . 0 20 .3 19.6 18 .<; 17. 9 17.3 16.6 15.9 15 . 5 14.8 13 . 8 1 3 .1 11 . 7 

24.023.7 2l.C n.n 22 . 2 21.7 21,120.620 .019.4 18 . 1 17.~ 17.116.115.715 . 314 . 613.6 1 3 . 0 11 .5 

23.723.422.722.6 21.Q 21.120 . 720 .119. 8 19.218. 217 .717.016.215.615 . 114 . 413 . 5 12.8 11.1 

23 . 423.122.4 22.5 21.7 21.120.4 19.9 19.5 19 .0 1 8 .1 17.7 16.9 16 . 2 15 . 6 15 . 0 14 . 4 13 . 3 12 . 5 10 . 7 

23.0 22.7 22.2 22.2 21.5 20 . 8 20.1 19.7 19.3 18.8 18. n 17.6 16 . 9 16.2 15.6 14 . 9 14 . 3 1 3 . 2 1 2 . 2 1 0 . 5 

22.7 22.4 21 . 9 22 . 0 21 . 2 20.6 1~.9 19.5 19.1 18.6 18 . 0 17.6 16.9 16.115 . 5 14 . 8 14 . 1 12 . 9 11. 8 10.2 

22.5 22 . I 21.6 21 . 8 20.9 20.4 19 .7 19.3 18.9 lB.4 17.Q 17 . 5 16 . 8 16 . 0 15.3 14 . 6 13.9 1 2 . 4 11.4 10 . 0 

22 .1 21.B 21.2 21 . 5 20 . (, 20 .1 1".4 19.0 lB.6 H.2 17.7 17 . 4 16 . 7 15 . B 15 . 2 14.4 13 . 6 11. 9 11. 0 9.7 

2 1.4 21.120.420 . 9 19.9 19.4 18.7 18.5 lB . O 17.717 . 117.216 . 3 15 . 414 . 713 . 7 1 2 . 7 10 . 8 1 0 .1 9 . 3 

19.9 19.9 lQ.l 19.B 18.8 18 . 2 17.7 17.4 16.9 16.8 15 . 8 16 . 2 15.3 13 . 9 13 .1 11. 7 11. 1 9 . 7 9.4 9 . 0 

17.2 17.4 16.8 17.<; 16.r, 15.8 15.5 15.0 14.4 14 . 113 . 0 13 . 0 12 . 1 11 . 110 . 6 9 . B 9 . 5 8 . 8 8 . 6 8 . 3 

120 

(11) 150 

200 

250 

300 

400 

500 

14.0 14.5 14.114.8 14." 13.112.9 12 . 6 12.1 11.9 11.1 11.0 10.6 9 . 9 

11.4 12.0 11. 8 12.4 12.0 11. " 11.4 11.1 10.8 lC.6 10.? 9 . 9 9.5 8.9 

8.4 8 . 9 e . q ~ . 2 9.1 8 . 9 d . 9 8 . 7 B.<; B. 4 8 . 1 7.8 7 . 4 7.0 

b.7 6.7 6 . g 7.0 7 . D 6 . A 6 . S 6 .7 6.5 6 . 4 6 . 76.0 5 . 8 5 . 7 

9 . 4 9 . 0 8 . 7 8 .1 

B. 4 8 .1 7 . B 7 . 4 

6 . 7 6 . 5 6 . 5 6 . 3 

5.5 5 . 6 5 . 7 5 . 6 

7. 9 7.7 

7. 2 7. 2 

6 .0 6 . 3 

5 .4 5. 6 

N MI 50 150 LSO 350 450 550 b')0 750 B50 950 le50 1150 1250 1350 1450 1550 1650 1750 1850 1950 

KM ql 276 4b3 649 HJ4 101g 1 ~"~ 13QO 1575 1761 194~ 2131 2317 2502 2687 2872 3058 3243 3 4 28 3614 

DIS TAN C E 

.8 



MEAN XBT TEMPERRTURE9 DEG-C 01 JUNE 

D 

E 

10 

20 

30 

40 

50 

60 

70 

24.7 24.6 24.1 23.7 23.4 22.9 22.4 21.9 2 1. 2 20.5 19 . 6 19.1 18 . 5 17.9 17.3 16. 6 15 . 9 14.9 13 . 8 12.6 

24.6 24.6 24.1 23.6 23.322.8 22 . 3 2 1. 8 21.1 20.4 19 . 5 19 .0 18 .4 17.8 17.116.5 15 . 8 14. 8 13.6 12. 4 

24.6 24.5 23.9 23.5 23 . 2 22.7 22 . 2 21.7 2 1.1 20 .3 19 .4 18 .9 18 . 2 17.~ 16.9 16 .3 15.6 14.6 13.5 12.2 

24.5 24.3 23.6 23 . 3 22.9 22 . 5 22 . 0 2 1. 5 20.9 2C .l 19 .1 18 . 5 17. 9 17.1 16 . 5 16 . 0 ·15.3 14. 2 13.4 12.0 

24.3 24.1 23~3 23.122.1\ 22 .1 2 1. 62 1. 020 .41 9. 9 18.718 . 2 17. 6 16.7 16 .11 5.71 5 . 0 14.0 13.111.6 

23.923.722.922.8 22 . 3 2 1. 6 21.1 20 . 520 .11 9 . 6 18 . 618 . 0 17.3 1 6 .~ 15.9 15 . 3 14. 6 13. 8 12.7 11.1 

23 . 5 23.3 22 .5 22 . 5 2 1. 9 21.2 20 . 6 20 .1 19.7 19.2 18 . 3 17.9 17.1 16.3 15.8 15.1 14.4 13. 6 12.3 10.6 

23 .123.0 22.1 22.2 2 1. 6 20 . 9 20 .3 19 . 8 19 .4 19 . 0 18.1 17.7 17.0 16.3 15.7 14. 9 14.2 13.4 11.9 10.4 

80 22.7 22.6 2 1.7 2 1. 9 2 1. 2 20 . 6 20 . 0 19.5 19.1 18 .7 18.0 17 . 7 16 .9 16.2 15. 5 14.7 14 .0 12.9 11.5 10.1 

T 90 22.422.221.421 . 720.920.319.719.318.918.517.817.616.9 16 . 0 15.3 14.5 13.712.511.1 9.9 

H 100 22.1 21.9 21.1 2 1. 4 20 . 6 20 . 0 19.5 19.0 18.6 18.3 17.6 17.5 16 .7 15.9 15.2 14. 2 13.4 11. 9 10.7 9.7 

120 21.3 21.2 20.] 20.8 20 . 0 19 .4 18.8 18.5 18. 1 17. 8 17.1 17.2 16.3 15.4 14.6 13.4 12.4 10 .9 10.0 9.4 

(M) 150 19. 9 20.1 19 . 0 19 . 8 18 . 9 18.3 17 . 8 17.5 17.0 16.9 15.8 16 . 2 15.2 14. 0 13.1 11.6 11.0 9.8 9.3 9.0 

200 17.4 17. 6 16.6 17.5 16 . 6 15 . 8 15 . 5 15. 1 14 . 5 14. 3 12.8 13.1 12.2 11. 2 10.6 9.8 9.5 8.8 8.5 8.3 

250 14.114.7 14. 0 14. 9 14. 0 13.4 13.0 12.7 12.3 12.1 11.1 11.1 10.6 9 . 9 9 .4 8.9 8.7 8.1 7.8 7.7 

300 11. 5 12 .1 11. 8 12.4 12.0 11. 6 11. 5 11. 2 10.9 10.7 10.2 10.0 9.5 9.0 8 .4 8.0 7.8 7.4 7.1 7.1 

400 8 .4 8.9 9 . 0 9 . 2 9 . 3 8 . 9 9 . 0 8.8 8.6 8.5 8 .1 7.9 7.4 7.0 6. 7 6 . 5 6 . 5 6.3 6 .0 6 . 2 

500 6 . 8 6. 7 6.9 6 . 9 6 . 9 6.8 6 . 8 6 .7 6.7 6.5 6 .1 6.1 5 . 9 5.7 5.5 5 . 5 5 .7 5.5 5 . ] 5.6 

N MI 50 150 250 350 450 550 6~0 750 850 950 1050 1150 1250 1350 1450 1550 1650 17 50 1850 1950 

93 278 463 649 834 1019 1205 1390 1575 1761 1946 2131 2]17 2502 268 7 2872 ]058 3243 3 428 3614 

DIS TAN C E 

MERN XBT TEMPERRTURE9 DEG-C MID-JUNE 

o 25 . 0 25 . 0 24 . 5 24 1 23.9 23 . 4 23 . 0 22 . 4 21. 9 21 . 2 20 . 5 20.0 19.5 18.8 18.2 17.5 16.7 15.8 14.5 1].2 

10 25.0 24.9 2 4. 5 24 . 0 2] . 8 23 . 4 23.0 22.3 2 1. 8 21.1 20.3 19.9 19 . 3 18 .7 18.1 17.3 16.6 15.6 14. ] 13.0 

20 2 4. 9 24.8 24 . 3 23 . 9 23.7 23 . 3 22 . 8 22 . 2 21. 8 21. 1 20.2 19.7 19.0 18.4 17.8 17.0 16.3 15.3 14.1 12.8 

30 24.9 24.7 24 . 0 23 .7 23 .4 23 .1 22 . 6 21 . 9 2 1. 5 20.8 19 . Q 19 . ] 18.7 17.7 17.3 16 . 6 16 . 0 14.9 1] .8 12.5 

40 24.624.523.62].423.122.622.121.321.020.419.418.7 18 . 217 .11 6 . 616 . 015. 414.51 ].311 . 9 

50 24 .1 24.12 3.1 23 . 0 22 . 6 2 1. 9 21. 5 20 .7 20 . 4 20 . 0 19 . 0 18.3 17.7 16.7 16.2 15.4 14. 9 14.1 12.7 11 .2 

o 60 2].6 23 .7 22 . 6 22 . 6 22 . 1 2 1. 4 20 . 9 20 . 2 19.9 19.5 18 . 0 18.0 17 . 3 16.5 16.0 15. 1 14. 5 13.8 12.1 10.6 

70 23 . 2 23.3 22.122.2 2 1. 6 21 . 0 20 . 5 19 . 8 19 . 5 19 .1 18.317.8 17.1 16 . 3 15.7 14.8 14. 2 13 . 4 ~1.6 10.3 

80 22 . 8 22.8 21.7 2 1. 8 2 1. 2 20 . 6 20 .1 19.5 19 . 2 18 . 8 18.0 17 .7 16 . 9 16 .1 15 . 5 14. 5 1].8 13.0 11.2 10.0 

T 90 22 .4 22 .5 21.3 2 1. 5 20 . 9 20 . 3 19 . 8 19 . 2 18.9 18 . 6 17 . R 17.6 16.8 16 . 0 15.] 14.] 13.6 12.5 10.8 9 . 8 

H 100 22.0 22.1 2 1. 0 2 1. 2 20 . 5 20 . 0 19 . 6 18 . 9 18 . 6 18 . ] 17.6 17 . 4 16 .7 15 . 9 15.1 14. 0 13. 2 12 . 0 10.5 9.7 

12 0 2 1. 2 21.3 20.3 20 . 6 19 . 9 19.4 19.0 18.4 18. 1 17. 9 17.0 17.2 16.3 15.4 14.5 13.2 12.] 11 . 0 9.9 9.3 

(M) 150 19.9 20 .2 19 . 0 19 . 6 18.8 18 .4 17 . 9 17. 5 17.1 17. 0 15.8 16.2 15.2 14.1 13.0 11.5 10.9 10.0 9.3 8.9 

200 17.4 17.8 16 . 6 17.4 16 . 5 15 . 9 15 . 5 15.1 14.5 14 . 5 12.8 13.1 12.3 11.3 10.6 9.7 9.5 8.9 8 . 5 8.3 

250 14. 2 14. 8 14 . 0 14. 8 13 . 9 13 . 5 13 . 0 12.7 12.4 12 . 2 11.2 11.2 10.7 10 . 0 9 . 4 8 . 8 8 . 6 8.2 7.8 7.6 

300 11. 6 12 . 2 11. 8 12. 3 12. 0 11. 6 11 .5 11. 2 11.0 10 . 8 10 . 2 10 . 0 9 . 5 9 . 0 8 . 5 8 . 0 7.8 7.4 7.1 7.1 

400 8 .4 9 . 0 g . O 9.1 9 . 3 8 . 9 9 . 0 8 . 8 8.7 8 . 6 8. 1 7.9 7.5 7.0 6 . 8 6.4 6.4 6.3 6.1 6.1 

500 6 . 8 6 .7 6. 8 6.8 6 . 8 6 . 9 6 . 9 6 . B 6 . 8 6 . 6 6 .1 6 .1 6.0 5 . 8 5 . 5 5.5 5 .7 5 . 5 5 .4 5.6 

N MI 50 150 250 350 450 550 6'0 750 850 950 1050 11 50 1250 1350 1450 1550 1650 1750 1850 1950 

KM 93 278 463 649 834 1019 1205 1390 l S7~ 17 6 1 1946 213 1 2317 2502 268 7 2872 3058 3243 3428 3614 

DIS TAN C E 

a~_______________________________________ --.---------------



MEAN XBT TEMPERATURE, DEG-C 01 JULY 

D 

! 

o 25.q 25.3 2q.9 2q.5 2q.3 23.9 23.6 22.9 22.6 22.0 21.4 21 .0 20.6 19.9 19.2 18.6 17.7 16.8 15.4 14.0 

10 25.4 25.2 2q.8 2q.5 2q.3 23.9 23.5 22.8 22.5 21.9 21.3 20.9 20.q 19.7 19.1 18.q 17.6 16.6 15.2 13.9 

20 25.3 25.2 2q.7 2q.4 24.2 23.8 23.4 22.7 22.4 21.8 2 1. 2 20.7 20.1 19.q 18.8 18.0 17.3 16.2 14.9 13.6 

30 25.3 25.1 24.5 24.1 24.0 23.6 23.2 22.4 22.2 21 . 6 20.9 20.1 19.7 18.5 18.1 17.5 17.0 15.7 14.6 13.0 

40 25.0 24.8 24.123.8 23.5 23.1 22.6 21.8 21.6 21.1 20.2 19.2 18.8 17.6 17.1 16.4 16.0 15.1 13.7 12.2 

50 24.4 24.4 23.5 23.2 22.9 22.3 21.9 21.1 20.8 20.3 19.5 18.6 18.0 17.0 16.5 15.7 15.2 14.5 12.9 11.3 

60 

70 

p 80 

T 90 

H 100 

23.8 24.0 22.8 22.6 22.2 21.6 21.2 20.4 20.2 19.7 19.0 18.2 17.6 16.7 16.2 15.2 14.7 13.9 12.2 10.7 

23.4 23.5 22.3 22.1 21.6 21.1 20.7 19.9 19.7 19.3 18.5 17.9 17.2 16.4 15.8 14.8 14.2 13.4 11.5 10.3 

22.9 23.1 21.8 21.7 21.1 20.7 20.3 19.5 19.3 18.9 18.2 17.7 16.9 16.1 15.5 14.5 13.8 12.9 11.0 10.0 

22.4 22.7 21.4 21.3 20.7 20.4 19.9 19.1 19.0 18.6 17.9 17.5 16.7 16.0 15.3 14.2 13.5 12.4 10.7 9.8 

22.0 22.2 21.1 21.0 20.q 20.1 19.6 18.8 18.7 18.3 17.7 17.3 16.6 15.8 15.1 13.9 13.2 12.0 10.4 9.6 

21.2 21.4 20.4 20.4 19.8 19.5 19.1 18.4 18.2 18.0 17.1 17.0 16.3 15.4 14.4 13.1 12.3 11.1 9.9 9.3 

20.0 20.3 19.2 19.4 18.8 18.6 18.0 17.4 17.2 17.1 15.9 16.0 15.1 14.2 12.9 11.6 10.9 10.1 9.2 8.9 

120 

~) 150 

200 17.5 17.9 16.8 17.1 16.5 16.1 15.5 15.1 14.6 14.6 12.Q 13.1 12.3 11.5 10.5 9.8 9.5 9.0 8.5 8.2 

250 14.3 14.8 14.1 14.4 13.7 13.7 13.0 12.7 12.4 12.3 11.3 11.2 10.7 10.2 9.4 8.8 8.7 8.3 7.8 7.6 

300 11.6 12.2 11.9 12.1 11.Q 11.7 11.5 11.1 11.0 10.9 10.2 10.0 9.6 9.0 8.4 8.0 7.8 7.5 7.2 7.0 

400 8.5 8.9 8.9 9.0 9.2 9.0 9.0 8.8 8.7 e.7 8.2 8.0 7.6 7.1 6.8 6.5 6.4 6.3 6.2 6.0 

500 6.7 6.6 6.7 6.7 6.6 7.0 6.9 6.8 6.9 6.6 6.2 6.2 6.0 5.8 5.7 5.5 5.5 5.5 5.5 5.5 

H "I 50 150 250 350 450 550 6~0 750 850 950 le50 1150 1250 1350 1450 1550 1650 1750 1850 1950 

93 278 463 649 834 1019 1205 1390 1575 1761 1946 2131 2317 2502 2687 2872 3058 3243 3428 3614 

o 1ST A NeE 

MEAN XBT TEMPERATURE, DEG-C MID-JULY 

o 25.7 25.4 25.1 24.8 24.6 24.3 24 .0 23.4 23.0 22.6 22.1 21.7 21.3 20.6 20.0 19.4 18.5 17.5 16.2 14.7 

10 25.7 25.4 25.1 24.8 2Q.6 24.2 23.9 23 . 3 23.0 22 .5 22.0 21.6 21.1 20.5 19.8 19.2 18.4 17.3 15.9 14.5 

20 25.6 25.3 25.0 24.7 24.5 24.1 23.8 23 .1 22.9 22.Q 21.9 21.3 20.8 20.2 19.6 18.8 18.1 17.0 15.6 14.1 

30 25.6 25.3 24.8 2Q.5 2Q.3 2Q.0 23.6 22.8 22.7 22.2 21.6 20.7 20.Q 19.2 18.8 18.1 17.7 16.5 15.3 13.Q 

QO 25.Q 25.1 24.5 2Q.2 23.8 23.5 23.0 22.2 22.0 21.6 20.8 19.7 19.2 18.1 17.5 16.8 16.5 15.6 14.3 12.4 

50 24.8 2Q.7 23.9 23.5 23.1 22.6 22.2 21 .5 21.1 20.5 19.8 18.8 18.3 17.3 16.7 15.9 15.5 14.8 13.4 11.4 

D 

E 

P 

60 

70 

80 

T 90 

B 100 

1H 

00 1~ 

200 

250 

300 

400 

500 

24.1 24.2 23.1 22.7 22.2 21.8 21.5 20.7 20.Q 19.8 19.3 18.4 17.7 16.9 16.3 15.4 14.9 14.0 12.6 10.8 

23.5 23.6 22.5 22.2 21.6 21.3 20 .9 20.0 19.9 19.3 18.8 18.0 17.3 16.5 15.9 14.9 14.Q 13.4 11.8 10.3 

23.0 23.1 22.0 21.7 21.1 20.9 20.4 19.5 19. 5 18.9 18.4 17.7 16.9 16.2 15.6 14.5 13.8 12.8 11.2 10.0 

22.5 22.7 21.6 21.3 20.7 20.5 20.0 19.1 19.1 18.5 18.1 17.5 16.7 16.0 15.3 14.3 13.5 12.3 10.8 9.8 

22.1 22.2 21.2 20.9 20.3 20.2 19.6 18.8 18.8 18.2 17.8 17.3 16.6 15.9 15.1 13.9 13.2 11.9 10.5 9.6 

21.2 21.Q 20.5 20.2 19.7 19.6 19.1 18.3 18.3 17.9 17.2 17.0 16.3 15.5 1Q.5 13.2 12.Q 11.2 10.0 9.3 

20.0 20.2 19.Q 19.2 18.7 18.7 18.1 17.4 17.3 17.0 16.1 15.9 15.1 1Q.2 12.8 11.8 11.0 10.1 9.3 8.8 

17.4 17.8 16.9 16.8 16.Q 16.3 15.6 15.0 14.6 1Q.6 13.1 13.1 12.3 11.7 10.5 9.9 9.5 9.1 8.6 8.2 

14.3 lQ.7 lQ.l lQ.O 13.6 13.8 13.1 12.6 12.Q 12.3 11.4 11.2 10.7 10.3 9.Q 8.9 8.7 8.3 7.9 7.5 

11.7 12.0 11.9 11.8 11.8 11.8 11;Q 11.1 11.0 10.9 10.3 10.0 9.6 9.1 8.Q 8.1 7.8 7.5 7.3 6.9 

8.6 8.9 8.8 8.9 9.0 9.1 9.0 8.8 8.7 8.7 8.2 8.0 7.6 7.2 6.8 6.5 6.4 6.Q 6.3 6.0 

6.7 6.6 6.6 6.6 6.6 7.1 6.9 6.8 6.8 6.6 6.3 6.2 6.1 5.8 5.8 5.5 5.5 5.5 5.6 5.6 

N ~l 50 150 250 350 Q50 550 650 750 850 950 1050 1150 125Q 1350 1450 1550 1650 1750 1850 1950 

K! 93 278 463 649 83Q 1019 1205 1390 1575 1761 1946 2131 2317 2502 2687 2872 3058 3243 3Q28 3614 

DIS TAN C E 



D 

E 

P 

T 

Ef1PERHTORE, DE - 01 AUGUST 

o 25.9 25.6 25.2 25.1 24.9 24.5 24.2 23.8 23.5 23.1 22.7 22.2 22.0 21.3 20.6 20.2 19.3 18.1 16.9 15.3 

10 25.9 25.6 25.3 25.1 24.9 24.5 24.2 23.8 23.4 23.0 22.6 22.1 21.8 21.2 20.5 20.0 19.1 17.9 16.7 15.1 

20 25.9 25.5 25.2 25.0 24.8 24.4 24.1 21.6 23.3 22.9 22.~ 21.9 21.5 20.9 20.3 19.6 18.9 17.7 16.4 14.6 

'30 25.9 25.5 25.1 24.9 24.7 24.3 23.9 23.3 23.1 22.7 22.2 21.4 20.9 20.0 19.4 18.8 18.3 17.2 16.1 13.7 

40 25.7 25.3 24.9 24.6 24.2 23.9 23.3 22.7 22.5 22.0 21.4 20.2 19.6 18.7 18.1 17.2 17.0 16.2 15.1 12.5 

50 25.2 24.9 24.3 23.8 23.3 22.9 22.5 21.9 21.5 20.7 20.2 19.2 18.5 17.6 17.0 16.1 15.8 15.0 14.0 11.5 

60 

70 

80 

90 

H 100 

24.5 24.3 23.5 23.0 22.3 22.1 21.6 20.9 20.6 19.8 19.5 18.7 17.8 17.0 16.5 15.6 15.1 14.1 13.2 11.0 

23.7 23.6 22.~ 22.3 21.6 21.5 21.0 20.2 20.1 19.3 18.9 18.2 17.4 16.7 16.1 15.1 14.5 13.4 12.3 10.4 

23.1 23.1 22.3 21.8 21.1 21.0 20.5 19.7 19.7 18.8 18.6 17.9 17.0 16.3 15.8 14.7 13.9 12.8 11.6 10.1 

22.7 22.6 21.8 21.3 20.7 20.6 20.0 19.3 19.3 18.5 18.1 17.6 16.7 16.1 15.5 14.4 13.6 12.3 11.2 9.9 

22.2 22.2 21.4 20.9 20.3 20.2 19.6 18.9 19.0 18.2 18.0 17.4 16.6 15.9 15.3 14.1 13.3 11.9 10.8 9.6 

21.4 21.2 20.6 20.1 19.7 19.6 19.0 18.3 18.3 17.8 17.4 17.0 16.3 15.6 14.6 13.4 12.5 11.2 10.3 9.2 

20.1 20.0 19.5 19.0 18.6 18.7 18.1 17.4 17.4 16.9 16.3 16.0 15.1 14.3 12.8 12.0 11.0 10.1 9.5 8.8 

17.5 17.6 17.1 16.5 16.3 16.4 15.6 14.9 14.7 14.4 13.4 13.1 12.2 11.8 10.5 10.1 9.5 9.1 8.8 8.2 

14.4 14.5 14.2 13.7 13.6 13.8 13.1 12.5 12.4 12.2 11.5 11.2 10.7 10.3 9.4 9.1 8.7 8.4 8.0 7.5 

11.8 11.8 11.8 11.6 11.7 11.8 11.3 11.0 10.9 10.8 10.3 10.0 9.6 9.2 8.5 8.2 7.8 7.6 7.4 6.9 

120 

(Ii) 150 

200 

250 

300 

400 

500 

8.7 8.7 8.7 8.9 8.9 9.1 8.9 8.7 8.6 8.6 8.2 8.0 7.6 7.~ 6.8 6.6 6.4 6.4 6.4 6.1 

6.6 6.6 6.6 6.6 6.6 7.2 6.9 6.7 6.8 6.6 6.3 6.2 6.0 5.B 5.8 5.6 5.4 5.5 5.7 5.6 

N MI 50 150 250 350 450 550 6~0 750 850 950 1050 1150 1250 1350 1450 1550 1650 1750 1850 1950 

KM 93 278 463 649 834 1019 1205 1390 1575 1761 1946 2131 2317 2502 2687 2872 3058 3243 3428 3614 

DIS TAN C E 

MEAN XBT TEMPERRTURE, DEG-C MID-AUGUST 

D 

E 

P 

T 

o 26.2 25.8 25.5 25.4 25.2 24.8 24.5 24.3 23.8 23.5 23.1 22.6 22.4 21.9 21.1 20.7 19.8 18.6 17.5 15.8 

10 26.2 25.7 25.5 25.4 25.1 24.8 24.5 24.2 23.7 23.5 23.1 22.5 22.2 21.8 21.0 20.5 19.7 18.4 17.3 15.6 

20 26.2 25.7 25.5 25.3 25.1 24.7 24.4 24.1 23.6 23.4 23.0 22.4 21.9 21.5 20.8 20.1 19.4 18.2 17.1 14.9 

30 26.1 25.7 25.4 25.3 25.0 24.6 24.2 23.9 23.5 23.2 22.7 21.9 21.4 20.7 20.0 19.4 18.8 17.9 16.7 13.8 

40 26.0 25.6 25.3 25.1 24.5 24.2 23.7 23.3 23.0 22.5 21.9 20.9 19.9 19.4 18.7 17.8 17.4 16.6 15.8 12.5 

50 25.5 25.1 24.7 24.3 23.5 23.3 22.8 22.4 21.9 20.9 20.5 19.8 18.7 17.9 17.3 16.5 16.0 15.3 14.7 11.5 

60 

70 

80 

90 

H 100 

24.8 24.4 23. 8 23. 3 22. 5 22. 3 21.8 21.3 20.9 19.8 19.6 19.0 17.9 17.2 16.6 15.8 15.2 14.2 13.8 11. 1 

23.9 23.6 23.0 22.6 21.7 21.6 21.0 20.5 20.3 19.2 19.0 18.5 17.4 16.8 16.2 15.3 14.6 13.5 12.9 10.4 

23.3 22.9 22.4 22.0 21.2 21.1 20.5 19.9 19.8 18.8 18.7 18.1 17.1 16.5 15.9 14.9 14.0 12.9 12.1 10.1 

22.9 22.4 21.9 21.5 20.8 20.6 20.0 19.5 19.4 18.5 18.4 17.8 16.8 16.3 15.6 14.6 13.6 12.4 11.6 9.9 

22.4 22.0 21.5 21.0 20.3 20.3 19.6 19.1 19.1 18.2 18.1 17.5 16.6 16.1 15.4 14.3 13.3 12.0 11.2 9.6 

120 21.5 21.0 20.6 20.1 19.6 19.6 19.0 18.4 18.4 17.6 17.5 17.1 16.3 15.6 14.8 13.6 12.6 11.2 10.5 9.2 

(Ii) 150 

200 

250 

300 

400 

500 

20.2 19.8 19.5 18.9 18.6 18.6 18.0 17.4 17.4 16.7 16.5 16.1 15.0 14.3 13.0 12.2 11.0 10.1 

17.517.317.116.416.316.315.714.914.714.113.713.2 12.2 11.8 10.610.2 9.4 9.1 

14.5 14.3 14.2 13.5 13.7 13.6 13.1 12.5 12.3 12.0 11.6 11.2 10.7 10.3 9.4 

11.9 11.6 11.7 11.5 11.8 11.7 11.3 11.0 10.9 10.7 10.4 10.1 9.6 9.2 8.5 

8.8 8.6 8.7 8.9 8.9 9.1 8.9 8.7 8.6 8.5 8.2 8.0 7.6 7.3 6.8 

6.7 6.7 6.6 6.6 6.6 7.2 6.9 6.7 6.7 6.5 6.4 6.1 6.0 5.7 5.8 

9.2 8.7 8.4 

8.2 7.8 7.6 

6.7 6.4 6.5 

5.6 5.4 5.6 

9.7 8.8 

9.0 8.2 

8.2 7.5 

7.5 6.9 

6.4 6.2 

5.7 5.7 

N MI 50 150 250 350 450 550 6~0 750 850 950 1050 1150 1250 1350 1450 1550 1650 1750 1850 1950 

KM 93 278 463 649 834 1019 1205 1390 1575 1761 1946 2131 2317 2502 2687 2872 3058 3243 3428 3614 

DIS TAN C E 

31 



MERN XBT TEMPERRTURE9 DEG-C 01 SEPTEMBER 

n 

F. 

26.326 . 02,) . 7 2'> .7 25 .~ 25 .1 24 . ~ 2~ . h 2~ .1 2' .H 2]' ~ 22 . 922 .6 22.2 21.~ 20.9 20.118.811.816.1 

l U 26 .4 26 . 025.725 . 1> 25 .4 25 .1 2'.7 cu . > '4 . n <l.A 23 . 122 . 822.522 .121.320.720.018.717.715.8 

20 26 . I 25 . 9 25 . 7 <'j . b 2<; . 1 2<; . 0 2'1 . b i'1. 4 ''. ~ 23 .7 2; .1 22 .7 22 .) 21 .9 21.1 20.~ 19.7 18.6 11.5 15.0 

30 26.1 2S.q 2<;.7 25 . h 2<; . 2 24 .•. J" . , .4 . J 21.A 2J.<; 22 . q 22 .~ 2 1.7 21.3 20 .5 19.8 19.118.311.213.9 

40 26.225 . 82'> . " h.4 24 . " 2"." ' • . U .1 . ' n . 4 22 . q 22 . 2 2 1.5 20.~ 20.0 19.3 18.4 17.7 17.1 16.4 12.5 

50 2<;.B 2') . 3 2) .1 2 . 721.' oil . ' 1.1 « ." n . ] 2 1.3 20 . R 20 .4 19.018.311.716.916.215.615.211.5 

60 

70 

80 

90 

11 1 O~ 

25 .1 24 . <; 2" . ' 21.H 22 . A 2 • . , ,1.1 21.b 2 1.1 20 .1 19.7 19.4 18.0 17.] 16.7 15.9 15.2 14.4 14.2 11.0 

24. 1 23.1> 21.1 n . 4 l1.~ 1. ' _1 . 0 LO.7 ?0 .3 19 . 219 . 018.717 .516.816.315.414 .613.61).310.5 

21.422 . '12., . ) <2 . 2 2 1. 4 21.1 '0 . 420 .119.818.818 . 718.317 .116.616.015.114.013.0 12.4 10.1 

23 .1 22 . I 2 .. U 21." n.1 20 . " 20 . 0 1'J. 7 19 .4 lE.5 18 .4 18.0 16.9 16._ 15.7 14.7 1).6 12.5 11.9 9.9 

22.521.'121. 21 . 220 . 4 2l.2 11 . 6 lQ.l 19.0 18 . 218 .117.816.7 16.2 15.5 H.4 13.2 12.0 11.4 9.6 

120 21.620 . '12 .f 20 . 21'1.711.'> lH . ) 18. 18.317 . 5 17.6 17.216.2 15.6 14.9 13.7 12.5 11.3 10.7 9.2 

20.211.61'.1 H . lB.fi 11.4 lH . O 17.<; 17.1 16.6 16.'i 16.115.0 14.2 13.2 12.110.9 10.1 9.8 8.8 

20'J 17.717.2 lJ . n 16 . , 16.4 1<. .1 l'i . H 15.0 14.7 13.9 13.9 13.3 12.111.610.710.2 9.4 9.1 9.08.2 

250 14.714 . 214.11).6 13.1 11.S lJ.< 12.6 12.311.811 .7 11.2 10.6 10.2 9.5 9.2 8.6 8.4 8 .3 7.5 

JOO 

400 

500 

N MI 

KM 

12.n l1.b 11." 11.0 l1.P 11.611.411.1 10.q 10.6 10.4 10.1 9.5 9 . 2 8.5 8.2 7.7 

B.'1 H.6 . 0 A. 'l g.O Q.l d . 9 d . 7 8 .6 8 . 3 ij .2 8.07.57.26.86.66.4 

6 . 7 6.7 u . f, 6 . 7 6. 7 7. 1 o. 8 6.7 6 . 6 6.5 6 . 4 6 . 1 5 .9 5 .6 5.7 5.6 5.5 

7.7 7.5 7.0 

6 .5 6.4 6.3 

5.6 5.7 5 .1 

':00 150 25 3'iL 40n 550 6'i0 750 850 950 1050 1150 1250 1350 1450 1 550 1650 1150 1850 1950 

JJ 21H 46J 64Y Ill4 1 1'1 12~5 1390 1<75 1761 1946 2 1 31 2317 2502 2687 2872 3058 3243 3428 3614 

DIS T AN C E 

tlEHN XBT TEMPERRTURE9 DEG-C MID-SEPTEMBER 

20.4 2b.2 2~.q 25 . 9 25 . 6 25 .] 25 .0 24.1 24 . 2 23 .9 23 .4 23 . 0 22 . 5 22 .2 21.5 20.7 20 .1 18.9 11.8 16.2 

10 2ft.S 20 . 2 25 . 9 25 . 8 25 . 6 25 . 3 24 .9 24 .1 24 . 2 2].9 23 .~ 23 . 0 22 .5 22.1 21.4 20 . 6 20.0 18.8 11.8 15.9 

20 26." Lo.l 25 . 9 2') . 8 25 . 6 25 . ] 2~ . 8 24 . 6 24.1 2].8 23 .1 22 .9 22 .4 22 . 0 1.3 20 .4 19.8 18.1 11.6 15.2 

3Q 20.4 26.1 25 . Q 25 .7 25 . 5 25.2 24.1 24.5 24.0 23 .1 23 .0 22.1 21.9 21 . 6 20.8 19.9 19.2 18.5 11.4 14.0 

40 26 . 3 26.0 25.7 25.6 25 .1 24 .9 24 . 4 24 .1 2].7 2].2 22 .4 22 . 0 20 .8 20.5 19.8 19.0 18.0 11.4 16 .6 12.6 

50 26.025.525 . 325 .1 24 . 224 .223.623.222.721.8 2 1.1 2 1.0 19.4 18.1 18.111.] 16.5 15.9 15.311.5 

D 2').4 24 . 8 2~ . 5 24 . 323 . 223 . 022 . 222 .021.4 2C.5 19.Q 19.818.211.516.91 6 .11 5 . 214 .714.211.0 

70 24.423.8 23 . 5 23 . 2 22 . 321.9 21. 1 21.1 20.~ 19.4 19.0 19.0 11.5 16.9 16.3 15.4 14.5 13.8 13.3 10.4 

80 2J . 6 23 . 0 22 . 0 22 .~ 21.6 21. 1 20 .4 20 .419.718.8 18 . 6 18.4 17.2 16.6 16.0 15.113.9 13.1 12.5 10.1 

T QO 21.222 . 421 . '12 1. 82 1.020.620.119.919.318.518. 118.1 16.9 16.4 15.7 14.7 1].5 12.6 12.0 9.9 

22.6 21 . 9 21.4 2 1. 3 20 . 5 20 .2 19 .1 19. 5 18.9 le.2 18 .0 11.9 16.1 16.2 15.5 1~.4 13.1 12.1 11.5 9.6 

21.b 20 . 9 2L . 5 20 . 4 19.7 19.4 18 .9 18 .1 18.2 17.5 17.<; 17. ] 16.2 15.5 14.9 13.5 12.] 11.] 10.1 9.2 

20 . 1 lQ.o lQ.2 19.1 18 . 6 lB . 3 11.9 17.6 17.2 16.4 16.4 16 .1 14 . 9 14.0 13.4 11.9 10.1 10.1 9.8 8.7 

II 100 

(:1) 150 

200 l1.fJ 17.1 16 . 916 . 8 16 .415.915.815.114.113.1 13.R 13.312 .111.41 0.810 .1 9.3 9.1 9.0 8.1 

250 14.Q 14 . 1 1 4 . 0 1] . 9 14.0 1 3 .~ 13 .3 12.7 12.3 11.1 11.6 11.2 10. 6 10 .0 9 .5 9.2 8.5 8.3 8.3 7.5 

300 

400 

'l00 

12.111.711.61 1. 8 11. 9 11.511.5 11.2 10.9 10.410.410 .1 9 .5 9 . 1 8 .6 

i . a B. 6 A. 7 9.0 9 .1 9 . 0 8 .9 8.8 8 . 6 e . 2 e . 2 7 . 9 7.5 7 .1 6 .8 

".H b .7 6 . 7 6 . 9 6 . 8 7 .0 6 . 8 6.1 6.5 6.4 6.1 6 .1 5.9 5.6 5 . 6 

8 .1 1.6 7.6 

6.5 6.3 6.5 

5.6 5.5 5.5 

1.5 7.0 

6.3 6.3 

5.6 5.1 

~ MI 50 150 250 350 450 550 6,0 750 850 950 les o 1150 1 250 1]50 1~50 1550 165 0 1150 1850 1950 

KM 9 1 218 463 649 834 10 19 12ns 1390 1515 1161 194~ 2 1 ~1 2317 2502 268 1 2872 ]058 32~3 3428 3614 

DIS TAN C E 

32 



MERN XBT TEMPERRTURE9 DEG-C 01 OCTOBER 

o 26.4 26.2 26.12'>.9 25.7 25.4 25 . 0 24 . 6 24 . 2 2:.8 23.2 22.9 22 . 3 21.9 71.3 20 . 3 19.9 18.7 17.6 16.0 

10 26.4 26.2 26.0 25.8 25.7 25.4 25 .0 24 . 6 24 . I 2: . 8 23 . 2 22 . 9 22 . 3 21.9 21. 2 20 . 2 19.7 18.6 17.5 15.8 

20 26.426.226.025.825.625.424.924.524.123.823.122.8 22.3 21.8 21. 1 20 .11 9.618.617.415.2 

30 26.4 26.2 25.9 25.7 25.6 25.3 24.8 24 . 5 24.1 23 .7 22 . 9 22 .7 21 . 9 21 . '> "0 . 9 19.9 19 .1 18.4 17.2 14.1 

40 26.) 26.1 25.8 25.6 25.3 25.1 24.6 24.2 23 . 8 23.3 22 .4 22 . 3 21 . 2 20 . 7 ~0 .1 19.3 18.2 17.6 16.4 12.8 

50 26.125.725.525.324.624.523.923.423.022.321.321.4 19.919 .11 8.617.616.816.315. 111. 5 

D 

E 

P 

60 

70 

80 

T 90 

H 100 

120 

(M) 150 

200 

250 

300 

400 

500 

N H 

KM 

25.6 25.1 24.7 24.6 23.7 23.4 22.5 22.4 21.7 2 1. 0 20 .0 20 . 2 18 . 5 17.7 17 . 1 16.2 15.3 15.0 14.0 10.8 

24.6 24.2 23.6 23.5 22.6 22.0 21 .4 21.4 20 .4 19 .7 19 . 0 19 . 2 17.6 16.9 16.3 15.4 14.4 13.9 13.0 10.4 

23.7 23.3 22.7 22.6 21.7 21.2 20 .6 20 .6 19.6 18 .9 18.5 18.5 17.1 16.6 15.9 14. 9 13.8 13.2 12.2 10.0 

23.2 22.6 22.0 21.9 21.1 20.6 20.120.0 19.1 18.5 18.1 18 .1 16.9 16.3 15.6 14.5 13.4 12.7 11.7 9.8 

22.622.121.421.420.620.119.719.618.7 lE.l 17.817.916.716.115.414.113.012.111.2 9.6 

21.6 21.1 20.5 20.5 19.8 19.3 19 .0 18 . 8 18.1 17.5 17. 3 17. 2 16. 1 15 .4 14.7 13.2 12.0 11.3 10.6 9.2 

20.319.819.219.318.618.217.917.717.116.416.216.014.8 13.8 13.411.510.610.1 9.7 8.7 

17.9 17.2 16.8 17.0 16.4 15.8 15 .8 15. 3 14.5 13.7 13.6 13.1 12.1 11. 2 10.8 9.9 9.3 9.0 8.8 8.1 

14.9 14.2 14.0 14.2 14.1 13 .4 13.3 12.9 12.3 11.6 11.5 11. 2 10.5 9 .9 9.5 9.0 8.5 8 . 3 8.1 7.4 

12.2 11.8 11.7 11.9 11.9 11.5 11.5 11.2 10.9 10.4 10.1 10.0 9.5 8 . 9 8 . 6 7.9 7.6 7.6 7.4 7.0 

8.9 8.6 8.7 9.1 9.2 9.0 8 .9 8 . 8 8.7 8.2 8.1 7.8 7.5 7.0 6 . 8 6 .4 6 . 3 6 .4 6 . 3 6.2 

0.9 6.7 6.8 6.9 6.8 6.9 6.8 6 . 8 6.5 6.4 6 .2 6.1 6.0 5.6 5 . 6 5.5 5 . 5 5 . 5 5 .5 5.7 

50 150 

93 278 

250 350 450 550 6'>0 750 850 950 1050 1150 12 50 1350 1450 1550 1650 1750 1850 1950 

463 649 834 1019 12n5 1390 1575 1761 1946 2 131 2317 2502 2687 2872 3058 3243 3428 3614 

DIS TAN C E 

MERN XBT TEMPERRTURE9 DEG-C MID-OCTOBER 

o 26.3 26.1 26.0 25.7 25.5 25.3 24.8 24.3 23.9 23.5 22.8 22.5 21.9 21.4 20.8 19.7 19.3 18.3 17.0 15.6 

10 26.3 26.1 25.9 25.7 25.5 25.3 24.8 24.2 23.9 23.4 22.8 22.5 21 .9 21.3 20 .7 19.6 19.2 18.3 17.0 15.5 

20 26.3 26.1 25.9 25.6 25.5 25.3 24.7 24.2 23.9 23.4 22.7 22 . 5 21.9 21.3 20 .7 19.6 19.1 18. 2 16.9 15.1 

30 26.2 26.1 25.8 25.5 25.5 25.2 24 .7 24.2 23 .9 23.4 22.6 22.5 2 1.7 21.2 20.6 19. 5 18.9 18.1 16.7 14. 2 

D 

E 

P 

T 

40 

50 

60 

70 

60 

90 

H 100 

120 

(M) 150 

200 

250 

300 

400 

500 

26.226.025.725.425.325.124.624.023.723.222.322.2 2 1.3 20.7 20 .119.31 8.317. 616.013.0 

26.025.825.525.224.824.724.123.423.122.621.421.5 20 . 319 .41 8.8 17. 817.0 16.514.811.6 

25.6 25.3 24.8 24.7 24.0 23.7 22.9 22.7 21.9 21.4 20.3 20.4 18.9 17.9 17.3 16.3 15.6 15. 2 13.5 10.7 

24.9 24.6 23.8 23.7 22.9 22.3 21.8 21.7 20.6 20.0 19.2 19.3 17.8 17.1 16.3 15. 2 14.4 13.9 12.6 10.3 

24.0 23.8 22.8 22.8 21.9 21.3 20 .9 20.7 19.7 19.1 18.'> 18.5 17. 2 16. 6 15.8 14. 6 13.8 13.1 11.8 10.0 

23.323.022.122.021.220.720.320.119.118.518.118.1 16.8 16.3 15.5 14.3 13.4 12.6 11.3 9.7 

22.5 22.3 21.5 21.4 20.6 20.1 19.8 19.7 18.7 18.1 17.7 17.8 16.6 16.0 15.2 13.8 12.9 12.0 10.9 9.5 

21.621.320.720.619.819.319.018.918.017.517.117.116.1 15.314.512.911.911 .210.3 9.2 

20.3 19.9 19.4 19 .4 18.7 18 . 2 17.9 17.8 17.0 16.4 16.0 15.8 14.8 13.7 13.3 11.2 10.5 10.1 9.5 8.6 

17.9 17.3 17.0 17.2 16.4 15.8 15.8 15.5 14.4 13.7 13.3 12.9 12.1 11.1 10.8 9.7 9.3 9.0 8.6 8.0 

14.8 14.3 14.2 14.4 14.0 13.4 13.3 13.0 12. 3 11.7 11.4 11.1 10.6 9.8 9 .5 8 . 9 8.4 8 . 2 7.9 7.4 

12.111.9 11.8 12.1 11.8 11.5 11.5 11. 3 10.9 10.4 10 .2 9.9 9.5 8 .9 8 . 6 7.8 7.6 7.5 7.3 6.9 

8.8 8.7 8.7 9.1 9.2 8.9 8 . 9 8 . 8 8 .7 8.2 8.1 7.7 7.5 7.0 6.8 6.3 6 . 3 6.3 6.3 6.1 

6.8 6.7 6.8 6.9 6.8 6.8 6 . 8 6 . 8 6.6 6.3 6.2 6.0 6 . 0 5 . 6 5 . 6 5.5 5 . 5 5.5 5.4 5.6 

N MI 50 150 250 350 450 550 6'>0 750 850 950 1050 1150 1250 1350 1450 1550 1650 1750 1850 1950 

K~ 93 278 463 649 834 1019 1205 1390 1575 1761 1946 2131 2317 2502 2687 2872 3058 3243 3428 3614 

DISTANCE 



MERN XBT TEMPERRTURE9 DEG-C 01 NOVEMBER 

o 26 . 0 25 . 8 25 . 6 25 . J 25 . 2 24.9 24.4 23.8 23 .5 22.9 22.2 21.9 21.3 20.6 20.1 19.0 18.6 11.1 16.3 15.1 

10 26 .0 25 . 8 25 . E 25.3 25 .1 24 . 9 24 .4 23 .8 23 .5 22.8 22.2 21.9 21.3 20.6 20.0 19.0 18.6 11.7 16.3 15.0 

20 26 . 0 25 . 8 25.6 25 . 3 25 . 1 24 . 9 24 .4 23 .7 23.5 22 . 8 22 . 2 21. 9 21.3 20.6 20.0 19.0 18.6 17.7 16.2 14.8 

10 25.9 25.8 25 . 6 25.2 25.1 24 . 9 24 .4 23 .7 23 .4 22.8 22 .1 21.9 2 1.3 20.6 20.0 19.0 18.~ 17.6 16.1 14.1 

40 25.9 2'.7 25 . 5 25 . 1 25.0 24 . 8 24.4 23 .7 23 .4 22 . 8 22 . 0 21.8 21.1 20.4 19.7 19.0 18.2 17.4 15.4 13.1 

50 25.A 25 . 6 25 . 3 25 . 0 24.8 24 . 6 24 . 0 23 . 3 23 . 0 22.5 2 1.4 21.4 20.4 19.5 18.9 17.9 17.2 16.6 14.5 11.7 

u 60 25.5 25.4 24.7 24 . 6 24 . 2 23.8 23 .1 22 . 8 22 .1 21. 6 20 .4 20 .4 19. 3 18 .2 17.6 16.3 15.8 15.4 13.2 10.7 

70 25.1 24.9 23.9 23 . 8 23 .1 22 . 5 22 . 3 21. 9 20.9 20.3 19.4 19.3 18.1 17.4 16.4 15.1 14.7 13.9 12.2 10.2 

T 

BO 

gO 

100 

120 

(II) 150 

24 . 2 24.2 21.1 22 . 9 22 . 0 21 . 6 21 . 3 20 .9 20 . 0 19.3 18 .7 18 . 5 17. 3 16.7 15.7 14.5 13.9 13.1 11.4 9.9 

23.423.422 . 422 .1 21.220 . 820.420 . 319 . 3 18 . 618.218 .0 16 . B 16.3 15.q H.O 13.3 12.4 10.9 9.7 

22.622 . 6 21.B 21 . 5 20 .7 20.3 19.919 .71 8. 7 18 .117.717.616.515.915.113.512.811.910.5 

21.6 21.4 20.9 20.6 19.B 19.4 19. 1 18 .9 18.0 17. 5 17.0 16.9 16 .0 15.3 14.4 12.6 11.9 11.1 10.0 

20 . 220 .119.719.418.618.218 . 017 . 816 .91 6 . 315 . 915.6 14.713.713.111.110.610.0 9.3 

17.717.417 . 317.1 16.315 . 8 15 .71 5.61 4.213.813.012.712.1 11.1 10.7 9.6 9.3 9.0 8.5 

14.6 14.3 14.4 14.3 13 . 8 13.4 13.2 13.0 12.2 11.7 11.1 11.0 10.6 9.B 9.5 8.B 8.5 B.2 7.8 

9.4 

9.1 

8.6 

7.9 

7. 3 

6.8 

6.0 

5.5 

200 

250 

30U 

400 

500 

11.9 11. 9 11.9 12.0 11. 7 11.5 11.4 11.3 10.9 10.5 10.1 9 . 8 

8.7 B.7 B.8 9.1 9.1 9.0 8 . 9 B.B B.7 8.3 7. 9 7.7 

6.7 6.6 6 . B 6.9 6.B 6.7 6 . B 6.B 6.6 6.3 6.1 6 . 0 

9 . 5 B.B 

7.6 7.0 

6.1 5.1 

8.5 7.8 7.6 7.4 7.2 

6.8 6.3 6.3 6.2 6.3 

5.6 5.6 5.5 5.5 5 .5 

N ~I 50 150 250 350 450 550 650 750 850 950 1050 11 50 125 0 1350 1450 1550 1650 1150 1850 1950 

KM 93 278 463 649 834 10 19 1205 1390 1575 1761 194 6 213 1 2317 2502 2687 2872 3058 3243 3428 3614 

o T 5 TAN C E 

MERN XBT TEMPERRTURE9 DEG-C MID-NOVEMBER 

o 25.6 25.3 25.1 24 . B 24 . 6 24.3 23 .8 23.2 22.9 22.1 21.5 21.1 20.5 19.8 19.2 18.3 17.8 17.0 15.6 14.3 

10 25.5 25.3 25. 1 24 . B 24. 6 24.3 23.8 23.2 22.9 22.1 21.4 21.1 20.5 19.8 19.1 18.3 17.8 17.0 15.6 14.3 

20 25.5 25 . 3 25.1 24.8 24.6 24 . 3 23.8 23 .2 22.9 22.1 21.5 21.2 20.6 19.8 19.1 lB.3 11.9 11.0 15.5 14.3 

30 25.5 25.3 25.1 24.7 24.6 24 . 3 23 . B 23.2 22.8 22 . 1 21.S 21.1 20.6 19.9 19.2 18.3 17.9 17.0 15.4 13.8 

40 25.5 25.3 25 . 0 24 .7 24 .5 24 .4 23.8 23.1 22.8 22.1 21.5 21.1 20.6 19.9 19.1 18.4 17.8 17.0 14.9 13.1 

50 25.4 25 . 3 24.9 24 . 6 24.5 24.2 23.7 23 .1 22.6 22.0 21.1 20.9 20.3 19.Q 18.7 17.7 17.2 16.5 14.3 11.8 

D 

E 

60 

70 

P 80 

T 90 

H 100 

120 

(M) 150 

200 

250 

300 

400 

500 

25 . 3 25.2 24 . 6 24. 3 24.0 23 .7 23.2 22.8 22.1 21.5 20.5 20.2 19.5 18.5 17.1 16.4 16.1 15.3 13.1 10.8 

25.1 25.0 24 . 0 23 . 8 23.1 22 .7 22.6 22.1 21. 2 20.5 19.7 19.3 18.4 17.7 16.6 15.2 15.0 14.0 12.1 10.2 

24 . 4 24.4 23.3 23 .1 22 .1 21 . 8 21.7 21.1 20.3 19.5 19.0 lB.6 17.5 17.0 15.8 14.5 14.1 13.0 11.3 9.9 

23.5 23.6 22.1 22 . 2 2 1.3 21 .1 20.7 20.4 19.6 18.7 18.5 18.0 16.9 16.Q 15.4 13.9 13.3 12.3 10.7 9.1 

22 . 7 22 . 8 22.1 2 1. 6 20.7 20 .4 20.0 19.8 19.0 lB.l 17.9 17.5 16.5 15.9 15.0 13.4 12.8 11.8 10.3 9.4 

21 . 5 21. 5 21 .1 20.6 19.8 19.4 19.0 18.9 18.1 17. 5 17.1 16.8 16 . 0 15.3 14.3 12.6 11.9 10.9 9.8 9.1 

20 . 2 20.1 19 . 9 19.3 18 . 6 18.2 17.9 11.8 16. 9 16 . 3 15.9 15.4 14.7 13.1 12.9 11.2 10.7 10.0 9.2 8.6 

17.5 17.3 17.5 17.0 16. 2 15.9 15 .5 15.5 14.2 13.8 12.9 12. 6 12.1 11.2 10.7 9.7 9.3 

14.3 14.2 14. 6 14 .1 13.7 13.5 13.0 12.9 12 . 2 11.7 11.2 10.9 10. 6 9. 9 9.5 8.8 8.5 

11.7 11.7 12 . 0 11. 9 11. 6 11. 6 11. 3 11. 3 10.9 10. 5 10.0 9.8 9.6 8 .9 8.5 7.9 7.7 

B.5 8 . 7 8. B 9.1 9 . 0 9.0 8 .9 8.8 8.6 E. 3 7. 9 7.6 7.6 7.1 6.8 6.4 6 . 3 

6 . 6 b . 6 6 . 7 6.8 6 . 8 6 . 8 6 . 7 6 .7 6.6 6 . 3 6 .1 6 .1 6 .1 5 . 8 5 .1 5.6 5 . 5 

8.9 8.4 

8. 1 7.7 

7.4 7.2 

6.2 6.3 

5.5 5 .5 

7.9 

7.3 

6.B 

6.0 

5.5 

N MI 50 150 250 350 450 550 6~0 750 850 950 l e50 11 50 1250 13 50 1450 1550 1650 1750 lB50 1950 

KM ~l 276 463 649 834 1019 12"5 13 90 1515 1761 194fi 213 1 23 17 2502 268 7 2B72 3058 3243 3428 3614 

Drs TAN C E 



nt:nl~ l\1:J1 I t:Tlit:FfM I 01'1 9 OL5-c:-~--------------~--------~-IO 1 DECEMBER 

D 

P 

T 

o 25 .1 24 . 8 24 . 5 24 . 2 23 . g 23 . 7 23 . 2 22 . 6 22.2 21.3 2C . 7 20 . 4 19. 8 19.1 ld . ) 17 . 7 17 . 1 16 . ) 14.9 1).6 

10 25 .1 24 . 8 24 . 5 24 . 2 23 . Q 2) . 7 23 .1 22 . 6 22 . 2 21.3 2C . 7 20 . 4 19. 8 19 .1 1 8 . 3 17.7 17.1 16.3 14.9 13.6 

20 25 .1 24 . 8 24 . 5 24.2 23.'1 23.7 2) . 2 22 . 6 22.2 21.3 20 . A 20.4 19.8 19.1 18.3 17.6 17.1 16 .314.9 13.6 

30 25.1 24 . 8 24 . 5 24 . 2 23 . 9 23 . 7 23 . 2 22 . 6 22 . 2 2 1.3 2C . R 20 . 4 19. 8 19.1 18.) 17.6 17 . 3 16 . 4 14.8 13.4 

40 25 . 024.824 . 524 . 2 2) .Q 2) . 7 23 . 2 22 . 6 22 . 22 1.3 20 . q 20 .41 9 .919. 2 ld.4 17.7 17.316.414.612 . 9 

50 25.0 24.8 24 . 5 24 . 2 24 .C 23.7 23 . 2 22 .7 22.2 21.) 20 .6 20 . 3 19. 8 19.1 18.3 17 . 4 17.0 16 . 2 14.2 11.9 

60 

70 

80 

90 

H 100 

120 

25 . 0 24 . 9 24 . 3 24 . 0 2) . 7 23.4 2) . 0 22.5 22 . 0 21 . 1 20.4 20 . 0 19.4 18.6 17.7 16 . 4 16.2 15 . 2 13.2 10.9 

25.024.823.923.7 2).G 22 . 7 22 . 7 22.0 21.4 20.4 19.R 19.) 18.618.0 lb.8 15.3 15 . 3 14.112.210.3 

24 . 424 . ) 23 . 5 23 .1 22.222 . 021 . 921 . 320.7 19 . 619.418 .717. 717.116 . 0 14.714.313.111.3 9 . 9 

23.5 23 . 6 22 . 9 22 . 4 21.4 21.3 20 . 9 20 . b 19.9 18.8 18 .0 18 .1 17.1 16.6 15.5 14. 0 13.) 12.3 10. 8 9.7 

22 . 827 . 822 . 421 . 7 20 . R 20.6 20 .1 19.~ 19.) lE.) lB.2 17.5 16.7 16.0 15.0 13.5 12.8 11.7 10.4 9.4 

2 1. 52 1. 421 . ) 20 . b 19 . 9 1~.5 H . O lB . 9 18.217.417.316 . 8 1 6 .11 5 .314. 312 .71 2 . 010.8 9.7 9.0 

20 . 1 19.9 2C.0 19 . 1 18.n 18.2 17.Q 17 . 7 16.9 16.2 16.0 15.4 14.7 13.8 12.8 11. 3 10.7 9.9 9.1 8.6 

17.) 17.) 17.7 16.7 16.1 15.9 1" . 4 15.4 14.2 13.7 12 . 9 12.6 12.1 11.3 10.6 9.7 9 . 3 8.9 B.4 B. O 

14. 0 14.2 14.7 13.9 13.5 1).4 12.9 12.A 12.2 11.7 11.1 10.9 10.6 10.0 9.5 8 . 9 8.5 B. l 7.7 7.4 

11. 5 11. 6 12 . 0 11. 8 11.h 11. b 11.2 11.2 10 . 8 l C.5 lC.O 9.8 9 . 6 B.9 8 .4 B.O 7.7 7.) 7.2 6 . 8 

(Ii) 150 

200 

250 

300 

400 

500 

B. 4 B.7 H. E 9 . 0 9 . 0 9.0 H. B 8 . 7 8 . 6 8 .4 7.8 7 . 6 7.6 7.2 6.7 6 . 5 6.4 6 . 2 6.) 6 . 0 

6 . 6 6 . 6 6 . 6 6 . 7 6 . R 6 . 8 6 . 7 6 . 7 6 . 7 6.3 6.1 6.1 6 . 0 5 . 9 5 .7 5 . 6 5.5 5.6 5 . 6 5.4 

N MI 50 150 250 )50 450 ~SO 6~0 750 850 950 lC50 1150 1250 1350 1450 1550 1650 1750 1850 1950 

KM 9) 278 46) 649 A34 101 0 12"S 1390 1575 1761 1946 2131 2317 2502 2687 2872 )058 3243 3428 3614 

D T 5 T ~ NeE 

MERN X8T TEMPERRTURE9 DEG-C MID-DECEMBER 

D 

E 

o 24 . 5 24 . ) 23 . B 23 . 6 23 . 2 22.9 22 .4 22 . 0 21.5 2C . 5 20 . 0 19.6 18.9 18.3 17.4 17.0 16.3 15.5 14.3 12.9 

10 24 . 5 24.3 23.8 23.6 23 . 2 22 . 9 22 . 4 22 . 0 21 .S 2C . 4 2G .0 19.5 l B.9 18.3 17.4 17.0 16.3 1 5 . 6 14.3 12.9 

20 24.5 24.3 23 . 8 23 . 6 23.2 22 . 9 22 .4 22 . 0 21.5 20 .4 20 . n 19.5 lB.9 18.3 17.4 16.9 16.3 15.6 14.3 12.8 

30 24.5 24.2 23 . 8 23 . 6 23 . 2 22 . 9 22 . 4 22 . 0 21.5 2C .4 2C . O 19.6 l B. 9 18 . 4 17.5 1 6 . 9 16.4 15.7 14.3 12.8 

40 24 . 5 24 . 3 23 .9 23 . 7 23 . 2 23.0 22 .4 22 . 0 2 1. 5 20 . 5 20 . 1 19.6 19.0 lB.5 17.6 16.B 16.5 15.7 14.2 12.5 

50 24 . 524.323 . 923 . 6 23 . 3 23 . 022 . 522 .1 2 1. 5 2C .5 2C . O 19.7 1 9 .1 lB . 5 17.7 16.9 16 . 5 15.7 14.111.9 

60 

70 

BO 

T 90 

H 100 

24 . 624 . 3 23 . B 23 . 62) .1 22 . 9 22 . 6 22 .1 21.620 . 5 20 . 0 19.6 19.1 lB.4 17.516.416.115.113.411.2 

24 . 6 24 . 3 23 . 7 23 . 5 22 . B 22 . 5 22 . 5 2 1. B 2 1. 4 2C . 2 19.8 19 . 2 l B. 6 l B.l 16.9 15.5 15 . 5 14.3 12.5 10.5 

24 . 2 23.9 23 . 4 23.1 22 . 2 22.0 21 . 9 2 1. 3 20 . 9 19.6 19 . 5 lB . B 17 . 9 17. 5 16.2 15.0 14.4 13.) 11.6 9.9 

23 . 5 23.3 2) . 0 22 . 5 2 1. 0; 2 1. 421 . 0 20.B 20 . 2 19 . 1 19 . 2 l B.3 17.4 16.9 15.7 14. 2 13.3 12.4 11.0 9.7 

22.9 22.6 22.5 2 1. 9 21.0 20 . 8 20 . 2 20 . 0 19.6 18 . 5 18 . 6 17.7 16.9 16 . 2 15 . 0 13.7 12 . 7 11. 8 10.6 9.5 

21.5 21.2 21.2 20 . 6 20 . 0 19 . 6 19 . 0 18.9 18 .4 17.4 17.n 16.9 16 .1 15 . 3 14.) 12.9 11. 9 10.9 9 .9 9 .1 

20 .11 9 .7 19.Q 19 . 2 18.6 18.2 17 . 8 17.5 17.0 16.1 1 6. 1 15.614 . 713.912 . 8 11. 510 . 6 9 . 9 9 . 2 8 .7 

17.2 17.2 17.6 16.6 16 .1 15 . 8 15.3 15 . 2 14.4 13 . 5 1).1 12.7 12.C 11.41 0 . 5 9.8 9.3 8.9 B.5 8.0 

13.914.114.713.71).41 3 . ) 12 . 8 12.6 12 . 2 11.7 11.1 10 . 910.510.0 9.5 8 . 9 8.5 B.l 7.B 7.4 

11.4 11.5 12 . 0 11 . 7 11. 5 11.5 11 . 2 11.2 10.9 l C. 5 9 . 9 9 . 8 9 . 5 9.0 8 . 4 B.O 7 . 7 7.3 7.2 6 . 9 

120 

(Ii) 1 50 

200 

250 

300 

400 

500 

B. ) B. 6 B. 8 B. 9 8.9 8 . 9 A. B B. 7 B. 6 B.3 7 . 8 7 .7 7 . 5 7.2 6 . 7 6 . 5 0 . 4 6.2 6.2 6.1 

6 . 6 6 . 6 6 . 6 6 .7 6 . 9 6 . 8 6 . 7 6 . 6 6 . 6 6 .4 6 . 2 6.2 5.9 5 . 8 5.7 5 . 6 5.5 5.6 5 . 6 5 . 5 

N MI 50 150 250 350 450 550 650 750 850 950 lC50 1150 1250 1350 1450 1550 1650 1750 lB50 1950 

KM 93 278 461 649 B14 1019 12 A 5 1HO 1575 1761 194n 2131 2317 2502 26B7 2872 )058 )24) 342B 3614 
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