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Abstract

Mountain ranges and high plateaus influence atmospheric circulation patterns on all scales, ranging from ultralong planetary waves to
small turbulent eddies. Some of these effects are brought about
simply by orographic obstacles acting as barriers to the flow. Of
equal importance, however, are the thermal effects of elevated land
masses, which can generate considerable baroclinicity. Various time
scales have to be considered in the thermal forcing of the atmosphere
by large elevated land masses. Diurnal variations of the heating and
cooling cycle have been shown to be prominent factors over Tibet.
On time scales from days to weeks, the Northern Hemisphere plateaus
seem to influence the monsoon circulations. There are strong indications that interseasonal "memory" exists in the heat balance of plateaus that might affect seasonally abnormal monsoon behavior.
Such "memory" could be caused by feedback between thermal effects of land masses and "near-resonant" planetary waves.
In order to assess the thermal impact of mountains and plateaus,
we need considerably more detailed knowledge of the energy
transfer processes between the valley atmosphere, the yet poorly delineated planetary boundary layer over mountains, and the "free
atmosphere." To achieve such knowledge, experimental and theoretical studies involving micro-, meso-, and macroscales will have to intermesh more closely than in the past.

1. Introduction

Any state-of-the-art review of mountain meteorology would
find it difficult to upstage the excellent work by Smith (1979)
that provides an overview of much of the theoretical work
that has been conducted mainly during the past two decades.
It also gives a good indication of the wide spectrum range of
atmospheric motion systems over which orographic effects
can be felt.
To begin with, we should distinguish between two major
types of orographic impact: 1) the "barrier effects,'' which
are caused by the fact that mountains represent a physical
obstacle to flow processes in the atmosphere; and 2) "thermal effects," by which elevated land masses, not only mountains but also plateaus, act as heat and cold sources and, due
to differences in elevation, produce baroclinicity in the strucInvited paper presented at the Second AMS Conference on
Mountain Meteorology, 9-12 November 1981, Steamboat Springs,
Colo. Research reported here was supported partly by NSF Grant
ATM 80 16867, DOE Contract DE-AS02-76EV01340, and NASA
Grant NAG 5-136. Valuable help by Donna Tucker and Dengyi Gao
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FIG. 1. Cospectra of 500 mb height anomalies in the region
50-60°N, 180-160°W, and SST anomalies in the region 40-50°N,
160°E-160°W, based upon monthly anomaly data, 1947-78. Linear
trends and annual cycles were removed from the data and cosine
tapers were applied to the data. Cospectrum, quadrature spectrum,
and power estimates were subject to a nine-point smoothing. The
95% significance level of coherence (lower diagram; 16 degrees of
freedom) is marked by a solid horizontal line. Phase angles, in radians, are given in the upper diagram, with " X " marking points exceeding the 95% confidence level. Slanting dashed lines indicate time
lags of 3, 2, 1,-1, —2, and —3 months. The symbol " H " in the upper
right corner of the diagram indicates the resolution bandwidth. The
abscissa is marked in terms of frequency (cycles per year).

ture of the overlying atmosphere. A precise differentiation
between these two effects is not always easy, because our
measurement systems that describe atmospheric flow and
structure are grossly inadequate, and the parameterizations,
especially of thermal effects involving sensible and latent
heat (which are used in present numerical approaches) are
crude at best.
Furthermore, one can follow the customary division of
orographic effects on atmospheric flow and structure into
small-, meso-, synoptic-, and planetary-scale perturbations.
Such a division, by its arbitrariness, might tempt us to ignore
the important aspects of interaction processes between various scales, especially those of a nonlinear nature. We are
beginning to find increasing observational evidence for such
interactions, but our understanding of the physical processes
involved, and our numerical modeling capabilities, are still
far from satisfactory.
Much of the thrust of large international and national research efforts in the recent past has been devoted to a quanVol. 63, No. 10, October 1982
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FIG. 2. Schematic flow diagram, depicting continental-atmosphere-ocean interactions.

anomaly in the heat flux through the ocean surface will have
only a relatively small impact on mixed layer temperatures.
Hence, feedback processes with the atmosphere will have a
rather slow start. Indeed, we see that correlations between
SST and atmospheric pressure anomalies in midlatitudes indicate that atmospheric perturbations lead oceanic ones by
at least one month (Fig. 1). Surface heat flux anomalies over
continents, on the other hand, will act with full force on the
atmosphere, because of the relatively small heat capacity of
soils.
We are encouraged to postulate hypothetically that the
impact of continental heat flux anomalies on atmospheric
planetary wave patterns may lead to long-lasting anomalies
in these patterns, hence to large interannual variabilities in
regional weather sequences, if during a given season, these
wave patterns are receptive to such heat flux perturbations.
Oceanic anomalies, generated by abnormally forced planetary wave patterns, would only serve to stabilize these patterns, forcing them into a quasi-resonant mode (Fig. 2).
Thus, the interaction between continental heat-flux anomalies, planetary waves, and oceanic mixed-layer responses can
conceivably mimic an intra- and interseasonal "memory"
in weather patterns and short-term climate anomalies, that
heretofore was not thought possible by continental interactions with the atmosphere.
We suspect that high plateaus are especially effective in
providing such planetary wave feedback. According to Ye
(1981) the Plateau of Tibet still acts as a cold source in
March, but becomes a heat source in April (Table 1). Its performance as a heat source controls to a large extent the Indian summer monsoon weather systems: If the thermal anticyclone over Tibet is strongly developed, the "plateau
monsoon" is weak, but the Indian monsoon is strong (Fig. 3)
(Chang, 1981). If the thermal anticyclone is weak, opposite

titative understanding of tropical processes with a heavy emphasis on air-sea interaction (Line Islands Experiment,
BOMEX, GATE, EPOX). The hypothesis that feedback
processes between the ocean and the atmosphere might hold
the key to a better understanding of long-term weather and
short-term climate variability appears promising, especially
in the light of recent studies by Namias (1978), Barnett and
Preisendorfer (1978), Hasselman (1977), and many others.
AMTEX and NORPAX have been successful in amassing
data on temperate-latitude air-sea interaction.
The realization that continental and orographic effects
should not slip from the focal plane of attention, when it
comes to the exploration of forcing processes on weather and
climate variability, has brought about such recent programs
as the summer and winter MONEX and ALPEX. It is hoped
that the latter two experiments will provide invaluable results
pointing toward the involvement of land surfaces in feedback
mechanisms that can cause climatic change. But much more
research along these lines is needed.
2. Continental "memory" effects on climate
variation?

In studying some of the recent climate anomalies, such as the
string of cold winters in the eastern United States, we are
tempted to ascribe the "memory" in the climate system that
can lead to seasonal, and even interseasonal, regional anomalies to oceanic effects. After all, the oceanic mixed layer has
an enormous heat capacity which can keep temperature
anomalies alive for a long time, once they have been formed.
But how will these anomalies get started?
Because of the large oceanic heat capacity, any regional
TABLE 1. The heat source intensity,

of the troposphere over the plateau.* [Unit: cal/(cm day) or 4.19 X 10 joule/(m day).]
2

4

2

Month

1

2

3

4

5

6

7

8

9

10

11

12

E

-150

-90

-50

120

190

220

210

150

90

-20

-110

-160

* Since the meteorological data of the plateau still are insufficient, the values of this table should be considered only as order of magnitude.
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FIG. 3. Time series of daily rainfall ratio (labeled on left side of
diagram) over central India (n) and central Tibet (rc) for July and
August 1979. Categories of the monsoon are indicated on the right
side of the diagram. W = weak monsoon, N = normal monsoon,
S = strong monsoon (Chang, 1981).

conditions prevail over Tibet and India. Heat flux anomalies
over the Tibetan Plateau that could set off a significant interannual variability of monsoon circulation systems are in evidence through the variability of snow cover. Station data
(Chen and Yan, 1978) and satellite data (Hahn and Shukla,
1976) show significant variations in this parameter from year
to year, but also indicate an inverse relationship between
winter snow and subsequent summer precipitation yield in
the monsoon systems over India (Fig. 4). A linkage between
surface heat flux anomalies, modulated mainly by albedo
and soil moisture conditions, and the establishment and
maintenance of the thermal anticyclone over Tibet, could be
postulated convincingly.

3. Further evidence of feedback connections

FIG. 4. Graphs of year-to-year variation of winter snow cover
departure over Eurasia south of 52°N, and the corresponding variation of summertime area mean rainfall departure for India (Hahn
and Shukla, 1976).

There is evidence that the climatic "memory" between Tibetan winter snow and the Indian summer monsoon is not produced alone by a local feedback process that invokes mainly
albedo effects. There seems to be a reasonably good correlation between SST anomalies over the central North Atlantic
and snow cover in Tibet (Fig. 5) (Reiter and Ding, 1980;
1981). Cold SST anomalies (stormy North Atlantic weather)
tend to coincide with above-normal snow-cover duration.
Such a teleconnection strongly implicates anomalous states
in planetary-wave behavior, as indicated schematically in
Fig. 2. Pacific weather systems are not left out of these Tibetan teleconnections either. Long snow duration in Tibet and
a weak Indian summer monsoon tend to coincide with precipitation surges in the equatorial Pacific, as exemplified by
the Line Islands precipitation (Fig. 6). These surges are
matched well with high-pressure anomalies in the IndianOcean half of the "southern oscillation," in agreement with
Sir Gilbert Walker's (1924) findings that high surface pressures at Djakarta tended to presage a weak Indian summer
monsoon (Fig. 7). However, the systems interactions do not
end here. Van Loon and Madden (1981) and Van Loon and
Rogers (1981) have shown that the southern oscillation is not
confined to pressure oscillations between the South Pacific

FIG. 5. Percent anomaly of days with snow cover at Heihe Station (dashed line and dots plotted in the
corresponding winter season, with positive anomalies entered along negative ordinate), Atlantic sea-surface
temperature anomalies (thin line), and seven-month running means (slightly heavier line) (Reiter and Ding,
1980; 1981).
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FIG. 6. Percent anomaly of days with snow cover at Heihe Station (dashed line with years marked near
dots) and Line Islands precipitation index (thin line: monthly values; slightly heavier line: seven-month running mean) (Reiter and Ding, 1980; 1981).

and Indian Ocean basins, but spills into the Northern Hemisphere. Our own research indicates that equatorial precipitation surges (which, according to Cornejo-Garrido and Stone
(1977), drive the Walker circulation that underlies the southern oscillation) are predated by massive trough develop-

ments in the central North Pacific (Fig. 8). Again, a midlatitude planetary-wave phenomenon appears to lie at the root
of the equatorial Pacific-Tibetan teleconnection. The apparent triggering of this connection by midlatitude planetarywave anomalies is confined to a narrow "window" in winter,
in which equatorial oceanic-atmospheric interactions are
favorable for precipitation surges—and associated El Nino
events—to develop (Fig. 9). Last but not least in this chain of
events we should recall our earlier statements, according to
which North Pacific atmospheric perturbations tend to lead

FIG. 7. Lag correlations of monthly values (dots) and sevenmonth smoothed values (solid lines) of Darwin surface pressure and
Line Islands precipitation index, with lags extending from —30 to
+30 months. Triangles indicate significance in percent steps of 50,
80, 90, 95, and 99%, using characteristic time as defined by Enfield
and Allen (1980).

FIG. 8. Difference in the 500 mb height fields one month before
key months with maximum and minimum precipitation over the
Line Islands. Negative differences (low contour heights coincide
with equatorial precipitation maxima) are dashed, contour interval
10 geopotential meters. The hatched region indicates confidence
>99% that two different data ensembles were differenced.
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FIG. 9. Lag correlations (coefficients along ordinates, lags in months along abscissas) between Line Islands precipitation index and 500 mb heights in the region 50-60°N, 180-160°W. Key months January, February, etc., were chosen from the 500 mb data set. Line Islands precipitation data were lagged against these
500 mb key month data. Significance of the correlations at the 95% level is indicated by squares, at the 99%
level by large dots.

SST anomalies in that region (Fig. 1).
In review, we have on hand a complex feedback mechanism between continental (heat-flux) anomalies over Tibet
and planetary wave patterns in midlatitudes, which interact
with surface temperature anomalies in the North Atlantic
and Pacific Oceans, and which also influence the tropical
(latent) heat engine and the effects of its performance on
Walker and Hadley circulations.
4. Plateau effects during seasonal transitions

The interannual variability of continental and plateau effects

on planetary-wave stability also can be gauged from a presentation of the probability with which a certain planetary
wave assumes a certain phase position on a given calendar
date. The lower this probability, the more interannual variability, mainly due to variable thermal forcing, is imposed on
the behavior of such waves. We note that planetary wave
n = 1 shows highest interannual variability in spring in a latitude region that coincides with the position of the Plateau of
Tibet (Fig. 10). The peak of variability is observed at a time
when the plateau undergoes the transition from cold source
to heat source.
Does this transition happen gradually or rapidly and intermittently? A synoptic case study of April 1979, which also
involves satellite data from the Total Ozone Mapping SpecUnauthenticated | Downloaded 01/09/23 04:26 AM UTC
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FIG. 10. Ratio between amplitudes of planetary wave no. 1 computed from calendar-date averaged
500 mb height fields (subjected twice to a 21-day running mean filter), and amplitudes computed daily, then
averaged by calendar-date irrespective of phase angle. Low values (L) of this ratio indicate large interannual
variability of wave positions; high values (H) indicate high probability that this planetary wave is encountered in the same phase position each year (Reiter and Westhoff, 1981).

trometer (TOMS), provided interesting clues. A time section
of the radiosonde at Lhasa reveals warming surges, coinciding with high-pressure anomalies, that intruded over Tibet in
the upper troposphere, first on 8 April, and then even more
prominently on 17 April 1979 (Fig. 11). The upper-tropospheric anticyclonic surges could be traced back by means of
the satellite total ozone data to the Sahara, where a low-ozone
anticyclonic wave began to thrust northeastward a few days
earlier. These preliminary analyses provide an indication
that high plateaus do not become a heat source gradually, as
a cursory examination of Ye's data might suggest. The interaction between heat input into the planetary boundary layer
and dynamic systems advected with the upper-tropospheric
flow produced an almost explosive response of anticyclonic
enhancement over the Plateau of Tibet.

5. Some planetary boundary layer characteristics
and severe weather

The plateau heating effects of summer produce a rather
characteristic contour pattern of isobaric surfaces within the
planetary boundary layer. The 600 mb chart over Tibet reveals several cells of low pressure, combining into a heat low
that is surrounded by an anticyclonic ring (Fig. 12). That ring
rests over the main mountain ranges of Himalayas and the
Tien Shan. The 850 mb patterns of summer over the western
United States have similar characteristics: a heat low in the
planetary boundary layer (PBL) over the Great Basin and a
surrounding anticyclonic ring anchored over the Sierra Nevada and over the Rocky Mountain main range (Fig. 13). In
the upper troposphere the anticyclonic rings surrounding
both plateaus merge into a single thermal anticyclone that

FIG. 11. Time sections, April 1979, of Lhasa (Tibet) radiosonde,
analyzed in terms of a) altimeter correction D — z — z, in geopotential meters (where z is the standard atmosphere height of a certain
pressure level and z its actual height), and b) specific virtual temperature anomaly, S* = (T* — T )/T , in nondimensional units (where
T* is the actual virtual temperature, and T the temperature corresponding to the standard atmosphere). H and L indicate centers of
high and low pressure anomalies, W and C warm and cold temperature anomalies.
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FIG. 12. Mean July 600 mb contours (decameters, solid lines),
for 1200 GMT and isotherms (°C, dashed lines), averaged for the
period 1960-79. Dotted lines provide the outline of the QinghaiXizang (Tibet) Plateau. (After Ye, 1981).

favors the southern parts of the plateaus (Figs. 14 and 15).
The cyclonic cells observed within the PBL over Tibet can
drift off towards the east and give rise to severe convective
weather disturbances, often associated with a low-level jet
(LLJ) stream. We suspect that the squall lines that develop
east of the North American Continental Divide also have
their roots in PBL disturbances that originated over the
Great Basin. The interaction between the diurnal thermal
tide over the plateaus (period T = 24 h) and inertial oscillations (T = 24 h at 30° latitude) plays a role in the LLJ development (Lettau, 1967; Bonner, 1968). The southern portions
of Tibet and of the Great Basin are found near 30°N.
In the context of severe weather development downwind

FIG. 13. Mean July 850 mb contours (decameters, solid lines) for
0000 GMT and isotherms (°C, dashed lines), averaged for 1979 only.
Dotted lines provide outline of United States.
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from the major Northern Hemisphere plateaus it is of interest to note that the diurnal temperature range of Tibetan stations tends to be smaller than of Great Basin stations. For
instance, the mean diurnal range of temperature (measured
as the difference between 0600 and 1800 GMT surface
temperatures) averaged for 33 Tibetan stations was 8.2°C
during July 1979, and 13.1°C averaged for 47 Great Basin
stations for the same time periods. There seems to be more
convective activity (as evidenced by the occurrence of hail),
hence more cloudiness over Tibet than over the Rocky
Mountain interior plateau (Fig. 16) (Tao and Ding, 1981). If
we postulate that squall-line formation is triggered at least
partly by heating effects of the plateaus, we should not be
surprised to find these convective systems to be less violent
over eastern China than over the U.S. Great Plains, even
though the precipitation yield of the Chinese systems is perhaps larger than that of the U.S. systems, because of the
lower elevation and the higher moisture content of the air
masses overlying the low country of eastern China.

FIG. 15. Similar to Fig. 13, but for 100 mb.
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FIG. 16. Distribution of the annual mean number of days of occurrence of hailfall over the plateau and its surroundings (Tao and
Ding, 1981).

6. Where do we go from here?

The foregoing discussion centered mainly on the large-scale
processes in the atmosphere for which mountain ranges—
and perhaps even more so large plateaus—provide a significant perturbation input. Interactions with mesoscale systems
were mentioned only briefly, and nothing was said about
local circulation systems that involve the complex structure
of the valley atmosphere. Some of these complexities will be
discussed during the course of this symposium. Taking into
account all scales of interaction between mountainous terrain and the atmosphere, we have to concede that we barely
begin to see the "tip of the iceberg." A lot more coordinated
and well-planned research will have to be done if we want to
come to grips with these interactions. They may well prove to
be important links in the understanding of climate variability
and weather anomalies.
To this end, we have proposed a joint effort with the People's Republic of China to participate in TIRMEX [TibetRocky Mountain Experiment (Reiter, 1981)]. The envisioned
research efforts would be a fitting extension and follow-up of
MONEX and ALPEX. Among a host of research problems,
only a few shall be mentioned here to advocate the importance of mountain meteorology:
Many of our present modeling efforts [see, e.g., Kuo and
Qian (1981)] have to rely on rather crude assumptions of heat
fluxes between soil and atmosphere under complex terrain
conditions. These fluxes also will affect convective processes
which, since they are of subgrid scale, have to be parameterized. Not only synoptic, but also mesoscale conditions can
influence the above-mentioned processes dramatically, and
may render certain parameterization approaches totally unreliable. As an example we can envision a model whose diurnal heating and cooling rates affecting surface temperature
are computed from (approximations to) net radiation
budgets, soil conductivity and moisture conditions, and sensible and latent heat transfer to the atmosphere (dependent on
the drag coefficient and the surface-to-air temperature and
humidity gradients near the ground). Under homogeneous
conditions of flat terrain or water surfaces, one can come to
reasonable estimates of surface temperature and heat fluxes.
Over mountainous terrain, such fluxes may be used up com-
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pletely to erode and rebuild inversion or isothermal layers
within the confines of valleys, and not greatly affect the layers above the mountain tops. Terrain configuration will have
an impact on these fluxes, and we should anticipate that
mountain ranges will differ in their heating and cooling effects from high plateaus. The details of such differences are
still elusive in the absence of detailed measurements.
What little we have in terms of usable field observations,
especially from the synoptic surface and upper-air data network, usually has been gathered and analyzed in support of
large-scale analysis and forecasting. As far as we could ascertain, not very much has been done to establish reliable sets of
data on the diurnal variability of atmospheric parameters
(surface pressure, heights of upper air pressure surfaces,
temperatures, and winds) as a function of location over the
plateaus and their perimeters, and as a function of season.
Such a climatological data base would be needed to track the
development and life history of mesoscale systems (especially
those that start as boundary layer perturbations) and of largescale anomalous plateau heating or cooling effects in terms
of anomaly fields that have not been adulterated by sea level
pressure reductions or similar artifacts and are not swamped
by local diurnal circulation systems.
Another set of difficulties arises from the fact that flow
over corrugated terrain under most circumstances will produce gravity waves. In the presence of such waves, vertical
transports of momentum will differ from those of heat oratmospheric trace admixtures. The use of eddy diffusivities in
bulk transport formulae, as is done in many modeling parameterizations, becomes a rather dubious practice.
This short and truncated enumeration of problems points
out that our work has barely begun. The large plateaus and
mountain ranges of Asia and the Americas offer challenges
and opportunities for many disciplines for many years to
come. Bold strategies for data collection by conventional and
remote sensing will have to be designed, with emphasis on
energy fluxes and boundary-layer problems over complex
terrain. Analysis of such data will have to lead to a better understanding of the physical processes taking place in the
mountain atmosphere, and their interactions on the whole
spectrum range of time and space scales. Each step forward
in such an understanding will provide new departure points
for atmospheric modelers.
The benefits of such efforts will be felt in the fields of severe
weather diagnosis and short-range forecasting aspects, in
weather modification, in impact assessments of industrial
development, and in the prediction of long-range weather
and climate anomalies.
There is at least one immensely enjoyable aspect to these
projected efforts: One could not conceive of a laboratory
with more natural beauty and majesty than the forbidding
peaks of the Himalayas and Tien Shan, the solitude of Tibetan valleys, the infinite variety of vistas in the Rocky Mountains and Andes, and the color palette of forests, fields, and
meadows surrounding the rocky bastions of the Alps.
References

Barnett, T. P.,andR. W. Preisendorfer, 1978: Multifield analog preUnauthenticated | Downloaded 01/09/23 04:26 AM UTC

1122

diction of short-term climate fluctuations using a climate state
vector. J. Atmos. Sci., 35, 1771-1787.
Bonner, W. D., 1968: Climatology of the low-level jet. Mon. Wea.
Rev., 96, 833-850.
Chang,C. C., 1981: A contrasting study of the rainfall anomalies between central Tibet and central India during the summer monsoon
season of 1979. Bull. Am. Meteorol. Soc., 62, 20-22.
Chen, L.-T., and Z.-X. Yan, 1978: A statistical analysis of the influence of anomalous snow cover over Qinghai-Tibetan Plateau during the winter-spring on the monsoon of early summer. (In Chinese.) Proceedings, Conference on the Medium and Long-Term
Hydro-Meteorological Prediction in the Basin of the Yangze River,
May 1978, Beijing. Vol. I., Hydro-Electric Press.
Cornejo-Garrido, A. G., and P. H. Stone, 1977: On the heat balance
of the Walker circulation. J. Atmos. Sci., 34, 1155-1162.
Enfield, D. B., and J. S. Allen, 1980: On the structure and dynamics
of monthly mean sea level anomalies along the Pacific coast of
North and South America. J. Phys. Oceanogr., 10, 557-578.
Hahn, D. G., and J. Shukla, 1976: An apparent relationship between
Eurasian snow cover and Indian monsoon rainfall. J. Atmos. Sci.,
33, 2461-2462.
Hasselmann, K., 1977: The dynamic coupling between the atmosphere and the ocean. Reports on Marine Science Affairs, WMO
472, World Meteorological Organization, Geneva, pp. 31-44.
Kuo, H. L., and Y. F. Qian, 1981: Influence of Tibetan Plateau on
cumulative and diurnal changes of weather and climate in
summer. Mon. Wea. Rev., 109, 2337-2356.
Lettau, H. H., 1967: Small- to large-scale features of boundary layer
structure over mountain slopes. Atmos. Sci. Paper 122, Dept. of
Atmospheric Science, Colorado State University, Ft. Collins,
Colo.
Namias, J., 1978: Multiple causes of the North American abnormal

Vol. 63, No. 10, October 1982
winter 1976-77. Mon. Wea. Rev., 106, 279-295.
Reiter, E. R., 1981: TIRMEX. Tibet-Rocky Mountain experiment
assessing the effects of large elevated land masses on global climate and climate variability. Preliminary Outline of a Proposed
Cooperative Research Program between the People's Republic of
China and the United States of America. Report to U.S. Climate
Research Board, Washington, D.C., 12 pp.
, and Y.-H. Ding, 1980: The role of Qinghai-Xizang Plateau in
feedback mechanisms affecting the planetary circulation. Sci.
Atmos. Sinica, 4, 300-309.
, and
, 1981: The role of Qinghai-Xizang Plateau in feedback mechanisms affecting the planetary circulation. Sci. Atmos.
Sinica, 5, 9-22.
, and D. R. Westhoff, 1981: A planetary wave climatology. J.
Atmos. Sci., 38, 732-750.
Smith, R. B., 1979: The influence of mountains on the atmosphere.
Advances in Geophysics, 21, 87-230.
Tao, S.-Y., and Y.-H. Ding, 1981: Observational evidence of the influence of the Qinghai-Xizang (Tibet) Plateau on the occurrence
of heavy rain and severe convective storms in China. Bull. Am. Meteorol. Soc., 62, 23-30.
Van Loon, H., and R. A. Madden, 1981: The southern oscillation:
Part I: Global associations with pressure and temperature in
northern winters. Mon. Wea. Rev., 109, 1150-1162.
, and J. C. Rogers, 1981: The southern oscillation: Part II: Associations with changes in the middle troposphere in the northern
winters. Mon. Wea. Rev., 109, 1163-1168.
Walker, G. T., 1924: World Weather, II. Mem. India Meteorol. Dep.,
24, 275-332.
Ye, Duzheng, 1981: Some characteristics of the summer circulation
over the Qinghai-Xizang (Tibet) Plateau and its neighborhood.
Bull. Am. Meteorol. Soc., 62, 14-19.
•

announcements 1
U.S./lsrael Binational Science Foundation

The Binational Science Foundation (BSF| established by the
United States and Israel is one link in the long tradition of
scientific cooperation between the two countries. The
distinguishing feature of this Foundation, as compared to past
funding programs, is the joint participation and equal responsibility of both governments in financing, management, and
decision-making.
The Foundation's activities are determined by an agreement
between the governments of the United States and Israel,
signed in September 1972. The agreement will remain in force
unless terminated by mutual consent. The Foundation is an
independent body, directed by a Board of Governors, consisting of five American and five Israeli members. Its administration is headed by an Executive Director, who is apWotice of registration deadlines for meetings, workshops,
and seminars, deadlines for submittal of abstracts or papers to
be presented at meetings, and deadlines for grants, proposals,
awards, nominations, and fellowships must be received at
least three months before deadline dates.— News Ed.

pointed by the Board of Governors and responsible for operations and staffing.
The purpose of the Foundation is to promote and support
cooperation between the United States and Israel in scientific
and technological research. The Foundation's annual budget
is derived from interest on the endowment fund. The base of
operations is in Israel. For information on grant applications
and guidelines for recipients, contact the National Science
Foundation, Washington, D.C. 20550.

Meteorological Calendar 1983
The Royal Meteorological Society has produced a Meteorological
Calendar for 1983. which contains excellent photographs from various locations around the world. It is available from the Executive
Secretary, Royal Meteorological Society. James Glaisher House,
Grenville Place, Bracknell, Berkshire, United Kingdom, for $4.00
(post free).
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