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INTRODUCTION

The meteorological data obtained by the expedition Lo the
Kali Gandaki Valley in the Nepalese Himalayas are limited
to this relatively small area and to atmospheric layers up to
approximalely 4000 m m.s.l. In order to determine the synop-
tic situation dominating the weather development during this
period a three-dimensional analysis of the wind and tempera-
ture distribution was attempted on a large scale. Available
for this purpose were plotted 6-hourly surface weather charts
and upper air charts for 00 and 12 UTC for 300 hPa, 200 hPa
and tropopause/maximum wind in polar stereographic pro-
jection, scale 1:15 Mio. Jet stream cores were analyzed by
daily vertical cross sections along 78 E.!

Owing to the sparsity and partial unreliability of the data,
the results cannot be quantitatively exact in each case. They
are nevertheless presented here as long as they are fell to
provide a qualitatively useful description of the synoptic situ-
ation.

SURFACE PRESSURE DISTRIBUTION
AND TRACKS OF CYCLONES
During the first days of the expedition an extended cold
anticyclone was centered, as usual during this season, be-
tween the Tibetan (Qinghai-Xizang) Plateau and the Bogi.
Frontal depressions were passing over the Turan Basin and
north of the Tien-Shan. Over Arabia, the Persian/Arabian
Gulf and the [ndian Subcontinent weak depressions could be

1) Charts, cross-sections and archived data were provided by the
Deutscher Wetterdienst (DWD), Offenbach, from material used for
the [CAO Regional Area Forecast Center.
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analyzed. Only few of these could be traced for longer peri-
ods. Those in the western part scemed (o vanish from the
charts. Their later reappearance in the north, however, is
indicated by weather reports from the Turan Basin and the
Pamir area. In particular the station Horog (37.5 N 71.5 E,
2080 m m.s.1.) indicates the passage of a depression or trough
[rom SW on 4 February. It is thercfore most likely that these
depressions passed over the data-void areas of Iran and Al-
ghanistan, along the western side of the anticyclone men-
tioned above.

This anticyclone gradually disappeared during the second
half of the expedition period, surface pressures being approx-
imately 30 hPa lower than at the beginning. This difference
cannot only be explained by the thermal effect of pressure
reduction. On 31 January. most likely in connection with
the low pressure indicated at Horog, a lec-depression formed
in the south of Puakistan, This depression moved over the
Indian plains adjacent to the Himalayas towards Burma
(Figure 1). It passed south of Nepal between 4 and 5 Febru-
ary. While the expedition found the Kali Gandaki Valley
closed by clouds on these days, the depression does not seem
to be accompanied by any surface fronts. However, the 850
hPa temperature data of New Delhi and Lucknow resp. show
on 4 February, 12 UTC the absolute maxima of the whole
period with 15.2 and 15.6°C., followed on 6 February, 00
UTC by a temperature drop to 7.6 and 6.0°C. After an initial
warming period it appears that cooler air from the Panjab
area and from the foothills of the Himalayas has advanced
into the rear of the depression thus giving it the character of a
frontal wave.

The depression may have been member of a 4-day-wave
which is apparent in the surface pressure reports of northern
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Figure 1. Formation of a lee-depression over Pakistan and its track
from 3 to 6 February 1985, Legend PP x date/time.

India. Other depressions possibly existing within this serics
were not investigated as the expedition area was not affected.

The clouds connected with the depression can be recog-
nized in the NOAA 9 satellite pictures. On 1 February a
fibrous, not well organized cloud mass appeared over Al-
ghanistan. During the following two days it crossed the Pan-
jab and the IHindukush, reaching Nepal already on 3 Febru-
ary. From there it drifted slowly north- and castwards
covering central Tibet, Bangladesh and Burma around 5 and
6 February.

CIRCULATION IN THE UPPER TROPOSPHERE

Al this time of the year the subtropical jet stream extends
from northern Africa over adjacent parts of the Arabian Pen-
insula towards northern India. From there it continucs to-
wards Southcast-Asia crossing very high mountain barriers
without obvious deflection. Isotach maxima exist, on the av-
erage, over Arabia and (he Southwest-Pacific. India is gener-
ally characterized by a weak trough situation with a relative
isotach minimum, Frequently however, it is passed by travel-
ling isotach maxima. The minimum over India appears to
show up better in daily synoptic charts than in climatological
data. This bias must be attributed to the channeling efTect of
the mountain ranges and plateaus which leads to a concentra-
tion of high average wind speceds within a more narrow belt as
compared to the two maxima situated over more open ter-
rain. During the expedition period the jel stream patlern was
largely in accordance with this situation. Troughs over India
were apparent at 300 and 200 hPa on 29 Janvary and {rom 31
January to 1 February. An isotach maximum was passing
northern India between 5 and 7 February. The geopotential
height of the 200 hPa level at New Delhi (Figure 2) shows a
significant change possibly representing a long wave with the
minimum during the first days of the expedition and the
maximum during the latter half. The maximum coincides
with the disappearance of the anticyclone at the surface.
Around 5 February a short wave was passing through this
maximum, connected with the cloudiness mentioned above.
The average wind speed measured at 200 hPa above New
Delhi shows similar changes.
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Figure 2. Height of the 200 hPa level (gpdam) and corresponding wind
speed (knots) above New Delhi averaged between 00 and 12 UTC.
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Figure 3. Position of height maximum in 200 hPa between 4 and 8
February 1985.

The time of occurrence of the height maximum in the 200
hPa level reveals a systematic geographical distribution. It
shows up first on the western edge of the charts over the coast
of the Red Sea on 4 February and disappears on the Burma
coast on 8 February, thus travelling approximaltely 12 de-
grees longitude per day (Figure 3). As a dominating maxi-
mum this phenomenon can be followed as Far north as the
tropical tropopause extends across the jet strecam. Farther to
the north the distribution of maxima and minima is far more
complex and has not been investigated in detail.

Simultaneously with the passage of the long and short
waves mentioned above the jet stream cores were performing
latitudinal shifts. These are studied in more detail in the
following section.

VERTICAL CROSS SECTIONS THROUGH
THE SUBTROPICAL JET STREAM

The dominating zonal direction of the subtropical jet
stream permits its analysis by vertical cross sections fixed
along certain meridians. On the basis of an optimum selec-
tion of stations the DWD had chosen the longitude 78 E for
this purpose. Though this longitude is situated 5 degrees to
the west of the Kali Gandaki Valley and thus crosses the
Himalayas approximately 3 degrees larther to the north it
was also used for this investigation.

The plotting program was based on a model developed by
DWD for ALPEX. Later it was simply shifted to Asia (o
serve the purpose of the [CAO Regional Area Forecast Sys-
tem. The abscissa corresponds to the scale and projection of
the synoptic charts used, the ordinate to the Stuve-Diagram
up to 100 hPa. Reports [rom within the belts of 5 degrees
longitude west and east ol the central meridian and referring
to 00 UTC were plotted into the section. The following data
were included:

Wind direction and speed (knots) extracted from radio-
sonde and aircraft reports, using bars and arrows;

—  Temperature (°C) at significant points of radiosende
ascents or as derived from thickness values obtained by
satellite;

—  Tropopause and maximum wind data.
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The plotting program was discontinued on 31 January,
1985, lor the period until 12 February manual extracts of
wind and temperature were made using coded radiosonde
reports only. Altogether 19 sections were prepared, including
three sections for 12 UTC.

The analyses were limited to the scalar wind speed with
isotach intervals of 20 knots, commencing with 40 knots.
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Figure 4. Vertical section along 78 E for 1 February 1985, 00 UTC.

Jet stream cores south of the expedition area.
Isotachs with interval of 20 knots—thin solid lines.

Isotherms “C—thin broken lines
Tropopauses—thick solid lines

TECHNICAL SOARING

)|




140

180‘1 120 100 80

J 1V

Figure 5. Vertical section along 78 E for 4 February 1985, 00 ?.ET(“. A
Jet stream cores above the expedition area, lowest jet engulfed in the
medium jet.

When available tropopause heights were indicated. As far as
possible the isotach analyses in the vertical sections and in the
charts for the standard pressure levels 300 and 200 hPa were
adjusted to each other. Typical sections with jet stream posi-
tions in the south of, above and north of the expedition area
are shown in Figures 4 to 6. The positions of the individual
cores extracled as far as possible from all the sections are
shown in Figure 7. The findings can be summarized as fol-
lows:

1. There is a velocity maximum gradually sloping upwards
from south to north. The sloping angle closely corre-
sponds with that of the potential temperature isotherms.

2. Within this maximum three individual jet stream cores
can be analyzed one above the other most of the time.
Each higher core is shifted slightly northward from the
lower one.

3. The upper cores are found just below the 150 hPa and
250 hPa levels, i.c. within the large break or fold between
the tropical and polar tropopauses. They thus correspond
with the conventional appearance of the subtropical jet
stream not regarding the somewhat unexpected dupli-
cale structure.

4. The highest core appears to be situated slightly above the
level at which the latitudinal isobaric temperature gradi-
ent reverses. Its cxistence, on the other hand, is con-
firmed by several radiosonde stations of different meteo-
rological services. Whether this thermodynamic
contradiction is a true phenomenon or the consequence
of systematic measurement or evaluation errors could
not be ascertained.

5. Between 300 and 400 hPa a lower jet stream shows up in
most of the sections, During a period of approximation to
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Figure 6. Vertical section along 78 E for 9 February 1985, 00 UTC.
Jet stream cores north of the expedition area.
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Figure 7. Position of jet stream cores and maximum wind speed for
the period 28 January to 12 February 1985.

Upper figure at each position = maximum wind speed in knots. Lower

figure at each position = date of observation (date without time refers
to 00 UTC).
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the medium core between 3 and 5 February the lower
core is not discernible any more as a separate phenome-
non. At that time it is probably engulfled in the extended
area of the strengthened medium jet.

. None of the cores is ideally represented in one of the

upper level charts available. The vertical sections, there-
fore, are constituting the only basis for a detailed analy-
518,

. The existence of three jet cores one above the other, with

very limited lateral shifting, hus possibly to be regarded
as an effect of the Himalayas. This phenomenon is not
known [tom the section 45E for which dnalv%es were also

{From Other years it |§' reca lcd that the Iow est jet is not a

regular phenomenon during the winter. [t is most likely
dependent on the strength of the temperature gradient at
s between [ndm and 1hc Tibetan Pldlcau )

medium level

‘bll‘.llg_‘tt current.

. Lateral shifts of the jet cores appeared to be loosely con-

nected with cach other. However, reversals from N to S
and vice versa did not occur on the same date. During the
few days investigated the reversals seem to have com-
menced at the lower level, while each higher core [ol-
lowed approximately one day later.

A significant shift to S with decreasing height (increas-
ing pressure} was connected with the weakening of a jet
stream or the disappearance of an isotach maximum
castwards. A significant shift to N was connected with
increasing speed or the appearance of a new jet stream
from W. The corresponding increase in height (decrease
in pressure) was not obscerved. Velocity maxima were
found during periods with no or very small shifts.

This scqueng ; 1o the passage of waves with
velocity maxima in the ridges anc s h
irst days of the expedition the three cores
were situated south of the Kali Gandaki Valley. The two
upper cores crossed this area northward by | I'cbruary.
The lowest once followed between 6 and 7 February. The
crossing was accompanied by variable cloudiness, the
vaulley being closed to flight operations by clouds on 4 and
S February. With the continued northw Lud shift of lhc jet
streams lhc welthL,r 1mpmu,d l ir w

; ulation has developed.
T huugh a reversal of the Jr,ls to south started between 7
and 9 February, they remained north of the expedition
area until 11 or 12 February.

. With the passage of a very short wave on 4 and 5 Febru-

ary (Fig. 2) the upper and middle cores were temporarily
shifting back 1o south for about 3 degrees latitude. The
lowest core had disappeared as a scparale entity. Wind
speeds at the middle core were reaching the maximum of
the whole period with values well above 200 knots. They
were measured at the radiosonde station New Delhi
which had provided useful data most of the time. As
these winds were also [itting reasonably well into the
charts and vertical sections they appear to be correct.

. The shifting of the jet cores across a fixed geographical

position was accompanied by a change of air tempera-

AT

ture in the upper troposphere in the order of 15 K. This
change commences abruptly between 500 and 400 hPa,
while below this layer it is limited to 5 K only.

CROSS SECTION OF TEMPERATURE
BETWEEN NORTHERN INDIA
AND THE TIBETAN
(QINGHAIL-XIZANG) PLATEAU

In order to assess the possibility of the development of a
diurnal circulation between the Tibetan Plaleau and the ad-
jacent plains in the south during the winter, the temperature
at various platcau stations was compared with radiosonde
data of Lucknow (42369). The radiosonde data were avail-
able for 00 and 12 UTC. Uninterrupted series of station re-
ports were available for 00 UTC (approx. 05 L.T.), corre-
sponding to the temperature minimum, and for 06 UTC
(approx. 11 L. T.}. Approximate mean temperatures were ob-
tained by averaging the 00 and 06 UTC data. Maximum
temperatures were not available but must be expected 1o be |
to 2 K higher than the 06 UTC data. Their use would en-
hance the findings obtained from the 06 UTC and the mean
temperature data. Figure 8 shows the approximate configu-
ration of the isotherms at 00 and 06 UTC and of the mean
values obtlained. The section extends from Lucknow to the
Gobi roughly perpendicular to the southern border of the
Himalayas. [t covers approximately 13 degrees of latitude.

The results show a gradient of the mean temperature of 10
to 15 K across the plateau concentrated in northern Tibet and
very weak across the Himalayas. At 00 UTC, however, a
fairly strong gradient is directed from northern India to-
wards the southern mountain ranges, at 06 UTC il has
changed in the opposite direction. Stations in the vicinity of
the Himalayan ranges are indicating the relatively highest
temperature and the largest amplitude.

The temperaturce differences indicate, that one of the es-
sential conditions for the formation of diurnal up- and down-
valley circulations is existing also during the winter. On the
other hand, the aircralt data show the almost permanent
existence of a temperature inversion above 3500 m m.s.l.
which separates very dry air aloft from more humid air
below. Also the wind regime at the entrance of the Kali Gan-
daki Valley at Pokhara Airport (827 m m.s.l.) appears to be
different from that in its inner part around Jomson (2682 m
m.s.l.). These phenomena point at a modification of the up-
and down-valley circulations in the Himalayas in comparison
with alpine rcgmn%

g Qtlmg cannot bc Lu;rlpcmaled Iy mdlallondlwol—
ing dlong, the slopes. The air will therefore remain at greater
heighis and will most likely correspond with the air above the
invcrsion found in the aireraft data. Due to this phenomenon

lhe cvet o

may be two such circulations, one above and the other below
the inversion, each of them corresponding with the average
height differences experienced from alpine valleys. The dif-
ferent wind regimes in the valley during daytime and the
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Figure 8. Temperature cross-section from northern India (Lucknow)
to the Tsaidam Basin (Germu) across Nepal, averaged between 28
January and 8 February 1985.

uneven distribution of convection found by the cxpedition
may be an indication that the up-valley circulation shows
similar splittings.

CONCLUSION

The wind and temperature distribution at lower levels be-
tween northern India and the Tibetan Plateau indicates a
modification »f up- and down-valley circulations in compari-
son to alpine regions. This is attributed to the different geo-
metrical relationships between high level plateau and slope
arca. The adiabatic heating of subsiding down-valley current
originating over the vast plateau areas cannot be compensat-
ed by the radiational cooling along the slopes at night. This
prevents airmasses from the plateau (o reach the plains of
southern Nepal and northern India by means of direct ther-

mal circulations. These airmasses were therefore found at |

heights above 3500 m m.s.L
The_investigation reveals a_close coupling between the

g A S
Wt.-dlh(:l’ phehomena uxpcnenu:d at lower levels and Lhc pUbl—
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tion QiJhcﬂ_‘J‘qt streams which dﬂ)e‘lrcd to bhe scpdratetf into

I e

Lhre enl cores. es. The cores we ru“?é‘\i?l“r;é wave-Tike later-
al shifts with no appareni modification when crossing from
the plains into the Himalayan ranges. Changes of wind and
temperalure connected with these shifts were mainly limited
to levels at and above 400 hPa while the lower tropospherc
remained amazingly conservative.

Tracks of surface depressions seemed to avoid the highest
ranges or plateaus. The development of a lee-depression was
observed over Pakistan. [ts track over the plains along the
southern side of the Himalayas could be followed as far as
Burma. Though the depression appeared to be too weak ini-
tially for comparison with the behaviour of high latitude
waves, the temperature changes at 850 hPa, the cloudiness
and the jet stream patterns are showing similar phenomena.

The large scale circulations at jet stream levels and at the
surface reveal a significant change during the expedition.
Findings during the first days can thercfore not strictly be
compared with those at the end of the period.




