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This image is a portrayal of monsoonal dynamics as they wrap around the globe–in action–over the course of a single, 
typified yearly cycle and based on data collected from 1915 to 2015. 

Emergent and erratic, the earth system dynamics that produce ‘the monsoon’–from local experience to global phenomena–
appear to be undergoing a transformation that is outpacing standard scientific data collection and analysis. A synoptic 
view of the Earth as represented through these dynamics may help to focus a lens towards the kinetic ‘terrains’ we inhabit.
This image was produced using data gathered from satellite observation and climate forecast system analysis, combined 

with research from across disciplines and methodological practices to inform an experimental cartographic narrative.
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July
Portrait of Accumulated Global Monsoon Dynamics from February to July

From August to January, a  network of twenty-two atmospheric centres of action oscillate between ‘summer’ and ‘winter’ 
positions, producing cyclonic storm patterns and climatic ecologies around the globe. The actions of these pressure centres 
push and pull the interface between the troposphere – our inhabited, weather world – and the stratosphere of the planet. 
Eight ‘monsoon’ troughs are represented in this milieu and are constituted by both wind and moisutre content, behaviour, and 
position relative to the Intertropical Convergence Zone. Below, the typified position of high- and low-pressure centres for the 
month of January and the accumulated cyclonic storm tracks produced at the edges of wet and dry monsoonal wind domains 
between August and January.  

January
Portrait of Accumulated Global Monsoon Dynamics from August to January

Over the course of the year, twenty-two atmospheric centres of action, create a syncopated rhythm of high- and low-pressure 
regions around the globe. As the earth rotates and heat accumulates over certain portions of the eath’s terrain, these pressure 

centres adjust their positions both laterally and vertically. Low-pressure zones are often typified by stable–centred–weather 
conditions, bringing certain landscapes into clear focus. While, high-pressure zones are typified by a wilder mix of intreactions 
between land, air, and water–particularly around the edges. Below, the typified position of high- and low-pressure centres for 

the month of July and the accumulated cyclonic storm tracks produced at the edges of wet and dry monsoonal wind domains 
between February and July. 
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NASA Earth Observations
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Instruments]
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Goddard Space Flight Center.
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Known in simple terms as the seasonal reversal of winds over 
a particular region of the globe, the monsoon is most often 
imagined and experienced as a season of rain–rains that arrive 
from the sea. However, the monsoon is a far more complicated 
assemblage of global energetics and local physics that is, in and 
of itself, a “tropical disturbance” within a system of seemingly 
erratic behavior amongst a sea of calm. Girdling the Earth in a belt 
of calm seas around its broadest circumference, these doldrums 
helped to lay the foundation for colonial empires, cultural 
exchange, resource extraction, and life as we know it. Yet, their 
constructive power lie not in there stillness, but in their winds. The 
Intertropical Convergence Zone–or the doldrums–is home to nine 
monsoonal troughs around the globe. At the planetary scale, these 

troughs have built both rainforests and deserts, urban centers and 
peripheries–all within a season and “monsoon’s trip”. Perhaps the 
best known of these troughs is that of the Indian Monsoon which 
synoptically stretches from the west coast of Africa to the east 
coast of Asia, entirely consuming the Indian subcontinent. 

In documented history, the Indian Monsoon–even in its variability–
has been reliable. Consistently arriving in the same cities around 
predictable dates as the trough winds push away from and pull-
back to the equator, delivering moisture and cool air to intensely dry 
and hot lands. At the northern reaches, the winds–after depositing 
much of their moisture across the lower-lying physiography of 
the subcontinental landmass–reach the Himalayan Mountains, 

specifically the Tibetan Plateau. The Plateau acts not only as a 
physical barrier bouncing winds back towards the southeast and 
shielding the subcontinent from the cold north, but it also calls 
to the winds as a highland heat source. An arrangement of call 
and response, coupling and decoupling, thermal and altitudinal 
interactions and movements creates one of the world’s most 
complicated–and most integral–water recycling programs. The 
largest and highest plateau in the world, the Tibetan Plateau 
is known as both the “World’s Rooftop” and the “Asian Water 
Tower”, gathering enough water from monsoon rains and glacier 
melt to nourish dry lands from Pakistan to northern China and 
feed ten of the largest rivers in Asia, including: the Irrawaddy River, 
Ganges River, Brahmaputra River, and the Indus River. 

Through design-led methodologies, Monsoon Assemblages 
focuses a critical lens on established and changing relationships 
between the people, lands, and cities of the monsoon through 
novel approaches to materialisms, cartographies, and narratives. 
The monsoon is a complex system of atmospheric, topographic, 
and oceanic dynamics that extend from deep ocean currents to 
the upper tropospheric strata of our inhabited Earth. Our limited 
capacity to comprehend forces which we cannot see and systems 
which we cannot simplify inhibits our ability to reckon with changes 
occurring in these complex systems–even those that sustain nearly 
half of the world’s population. For instance, while the impact of 
the Himalayas has long been included in the study of monsoon 
dynamics, thermal-dynamics specific of the high Tibetan Plateau 

did not enter into scientific discussion until well-into the twentieth 
and twenty-first centuries. As global temperatures rise, changes in 
global glacial melt and storm systems are producing new climatic 
ecologies that raise even more questions about the role–and 
possible futures–of the “weather worlds” we inhabit. 

The life-giving cycle of the “Asian Water Tower” has always 
been reliant on a fundamental principle of atmospheric physics 
described as “up and over moisture transport”. Drawn by 
heat over the plateau, moisture-laden monsoon clouds over 
Central East India are lifted over the southwestern ridges of the 
Himalayan Mountains by convective storms which then deposit 
their moisture into the reservoir of lakes and rivers which distribute 

water to nearly 1.35 billion people. Recently, however, changes 
in global climate patterns have been challenging this long-reliant 
relationship between the Central East Indian landscape and the 
Tibetan Plateau. So essential to the architecture of the monsoon, 
consequences of changes within Himalayan climate ecologies 
can be felt throughout the atmospheric region of the South Asian 
Monsoon–from the high reaches of the plateau to the equatorial 
origin.

Monsoon Assemblages is a project funded by the European Research Council (ERC) under the European Union’s Horizon 2020 
research and innovation programme. Grant Agreement No. 679873. 

Intensity of Moisture Movement

Low Pressure

Rising warm air draws more air in towards 
the center, moving anticlockwise at low 
levels. This air normally carries more 
moisture at lower altitudes. High- and low-
pressure centres feed air and moisture 
movement between one another; while 
storms – particularly cyclonic storms–
tend to occur at the edges, or boudaries, 
between centres of atmospheric action. 

Intensity of Moisture Movement

High Pressure

Cool air sinks, spiraling out clockwise from 
the center at low levels. This air normally 
carries less moisture at low altitudes. The 
air which spirals out from the centre of 
a high-pressure zone flows towards low 
pressure centres.  

[Units]
Tropopause height is measured in geopotential metres 
(gpm). Atmospheric Centres of Action, pressure isobars 
(below), are measured in hectopascals (hPa) and 
converted to metres for the sectional drawing (above). 
Section (above) is not to scale. 

[Above] 
Sections taken every 10 degrees from the Equator. 
Atmospheric activity averaged over six month periods: 
February to July (left), August to January (right).

[Below] 
Monsoon Trough and Convergence shown in typical 
position during February (left) and August (right). 
Pressure isobars are shown in typical positions for January 
(left) and July (right). Storm tracks are layered per season 
and reflect all recorded storms from the past 150 years.  
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1000 km0

Topographic + Bathymetric Terrain

- 7000m + 9000m

The resulting physical topography of the Earth is a key 
conductor of the monsoon phenomenon. The Himalayas 
and Tibetan plateau, formed from the collision of the 
Indian and Eurasian plates over 50 million years ago, 
acts as a physical barrier confining the South Asian 
monsoon to the Indian subcontinent. These orographic 
barriers, including the Eastern and Western Ghats, 
play an important role in directing and channelling the 
monsoonal winds and rain as they traverse across land.

ETOPO1 1 Arc-Minute Global Relief Model 
NOAA National Geophysical Data Center
Amante, C. and B.W. Eakins, 2009. ETOPO1 1 Arc-Minute Global 
Relief Model: Procedures, Data Sources and Analysis. NOAA 
Technical Memorandum NESDIS NGDC-24. National Geophysical 
Data Center, NOAA. doi:10.7289/V5C8276M [05/12/2018]
https://www.ngdc.noaa.gov/mgg/global/global.html

Global Active Faults
GEM Foundation’s Global Active Faults Project (GEM-GAF)
https://igppweb.ucsd.edu/~gabi/crust1.html

Active Fault Lines

Active Fault Lines

Active fault lines define the kinetic boundaries and 
junctions of the Earth’s tectonic plates. These plates, 
making up the outer most crust and mantle layers of the 
earth, are in  perpetual and powerful motion. Converging, 
diverging and shifting plates tear, thrust and ultimately 
shape the topography of the earth - forming deep oceanic 
trenches, vast elevated mountain ranges and the more 
violent instances of volcanic eruptions and earthquakes, 
which influence weather patterns.

Pressure at Mean Sea Level
12:00 June 20, 2016

994

The effect of differential heating and cooling of the land 
and sea between day and night leads to differences in 
atmospheric pressure. The heating of the continental 
landmass shifts the position of the Inter-Tropical 
Convergence Zone (ITCZ), forming a monsoon  trough of 
low pressure over the Ganga Plain, which pulls moisture 
laden air across from the surrounding higher pressure 
seas.
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1010 hPa

Precipitable Water
12:00 June 20, 2016

0 85 kg/m2

This mass of moisture laden air, forced upwards through 
contact with areas of geographical relief, rapidly cools and 
condenses at high attitudes, triggering the beginnings 
of the monsoon rainfall. This is first evidenced in early 
June upon contact with the mountains of the Whestern 
Ghats, and most significantly through the extreme levels 
of precipitation received along the base of the Himalayas 
through the latter months.
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Surface Temperature
12:00 June 20, 2016

235 325 K

The sun’s radiative heating is one of the key drivers of 
global energy circulation and subsequently, monsoonal 
physics. During the summer period, as the earth’s orbital 
path and tilted axis leans the northern hemisphere 
closer towards the sun, increased surface temperature 
differences occur between the faster warming landmasses 
and the relatively cooler, more thermally stable oceans 
adjacent. 
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Horizontal Direction / Velocity : 0.0 To 14.23 m/s

Wind Speed / Direction at Surface
June 2016 Mean

These winds, travelling initially in a south-easterly 
circulation, are pulled north over the Equator, drawn 
towards the low pressure belt of the mobile ITCZ. The 
winds are deflected south-westerly across the Arabian 
Sea and the Bay of Bengal towards land, bringing with 
them vast amounts of evaporated water and moist ocean 
air.  Their path is steered north across the elevated terrain 
before forced vertically upwards upon contact with the 
Himalayan front.

Climate Forecast Systems v2  (CFSv2) - Operational Analysis
National Centre for Environment Prediction (NCEP)
National Oceanic and Atmospheric Administration (NOAA) 
Saha, S., S. Moorthi, H. Pan, X. Wu, J. Wang, and Coauthors, 
2010: The NCEP Climate Forecast System Reanalysis. Bulletin 
of the American Meteorological Society, 91, 1015–1057, 
doi:10.1175/2010BAMS3001.1
http://cfs.ncep.noaa.gov/cfsv2.info/
https://www.ncdc.noaa.gov/data-access/model-data/model-
datasets/climate-forecast-system-version2-cfsv2

Ocean Currents at -15m Depth
June 20 - 25, 2016

Horizontal Direction / Velocity : 0.0 To 2.98 m/s

Surface winds carry both waters of the air and the waters 
of the ocean. During the summer months, the monsoon 
winds direct the upper ocean currents in an easterly 
direction. These diverted currents, originating as far as 
Somalia, bring warmer waters into the Arabian Sea and 
Bay of Bengal, as well an increased salinity. These currents 
reverse direction during the winter months.

OSCAR 1/3 Degree Resolution Ocean Surface Currents
Earth and Space Research Institute (ESR)
ESR. 2009. OSCAR third degree resolution ocean surface currents. 
Ver. 1. PO.DAAC, CA, USA. Dataset accessed [2018-12-06] at http://
dx.doi.org/10.5067/OSCAR-03D01.
https://podaac.jpl.nasa.gov/dataset/OSCAR_L4_OC_third-deg

Tropical Cyclone Heat Potential
12:00 June 20, 2016

0 2,350,000,000 Jm/2K

This complex relationship between ocean temperature, 
water pressure and salinity, can be calculated and 
measured as ‘Tropical Cyclone Heat Potential’. This 
specific climatic circumstance, driven and influenced by 
monsoonal forces, sets the conditions for and catalyses 
the abundance of oceanic cyclone activity.
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This image is a portrayal of the South Asian monsoon over the Indian subcontinent during the Summer Solstice, June 21st 2016. 
Leading up to this moment, the earth’s orbit and titled rotational axis leans the northern hemisphere towards the sun, raising the 
temperature of the landmass relative to the surrounding seas, triggering the chain of meteorological processes that commence the 
south-westerly summer monsoon. This summer monsoon, characterised by its moisture laden winds and heavy rainfall, is told here 

through the layers of the ocean and the topographical terrain that influences it.
This image was produced solely using data gathered from satellite observation and climate forecast system analysis, a selection of 

which is described above.

A PORTRAIT OF THE SUBCONTINENTAL MONSOON 
SUMMER SOLSTICE 2016



Pressure at Mean Sea Level
12:00 December 21, 2016
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This differential temperature reversal enacts an equal 
reversal in atmospheric pressure, as higher temperatures 
over the seas reduces the surrounding air pressure. Due 
to the earth’s tilted rotation and therefore shifting belt of 
higher solar insolation, the  Inter-Tropical Convergence 
Zone (ITCZ) and associated trough of low pressure is 
dragged back down towards to the equator.
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1035 hPa

Precipitable Water
12:00 December 21, 2016

0 85 kg/m2

Though notably drier than the summer monsoon, what 
moisture that has been collected upon the southwards 
journey breaks upon contact along the highlands of the 
Eastern Ghats and around the southern states of India.
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Surface Temperature
12:00 December 21, 2016

235 325 K

During the winter months, the earth’s orbital path and 
tilted rotational axis leans the northern hemisphere 
away from the sun. The faster cooling land mass of the 
Indian Subcontinent creates a temperature differential 
between the now relatively warmer, more thermally stable 
surrounding ocean waters.
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NASA Earth Observations
NASA Terra (EOS AM) and Aqua (EOS PM) Satellites [MODIS 
Instruments]
Data provided by the MODIS Atmosphere Science Team, NASA 
Goddard Space Flight Center.
https://neo.sci.gsfc.nasa.gov/

Aerosols
December 2016 Mean

0.0 1.0 Optical Thickness

Horizontal Direction / Velocity : 0.0 To 12.18 m/s

Wind Speed / Direction at Surface Level
December 2016 Mean

This pressure reversal  begins to draw air back from the 
cooling, higher pressure landmass towards  the warmer, 
lower pressure oceans. These now dry north-easterly 
winds, having spent their rain through the summer 
months, characterise the winter monsoon.
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Horizontal Direction / Velocity : 0.14 To 46.24  m/s

Wind Speed / Direction at Troposphere
December 2016 Mean

The return to higher atmospheric pressures brought by the 
cooling of the Tibetan Plateau, and the southerly shift of 
the ITCZ, pulls the westerly jet stream back down towards 
the tropic of cancer. The seasonal movement patterns of 
these entwined bands of tropospheric wind streams are 
considered to be a critical factor in the initiation, timing 
and variability of the monsoon phenomena. 
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The winter monsoon’s north-easterly winds retreat back 
across the continental landmass towards the Arabian Sea 
- gathering the clouds along the journey. Through their 
travels, a lesser amount of moisture is collected across 
the Bay of Bengal as well as from the rivers and lakes of 
the Indian plains.

NASA Earth Observations
NASA Terra (EOS AM) and Aqua (EOS PM) Satellites [MODIS 
Instruments]
Data provided by the MODIS Atmosphere Science Team, NASA 
Goddard Space Flight Center.
https://neo.sci.gsfc.nasa.gov/

Cloud Coverage
December 2016 Mean

0.0 1.0 Cloud Fraction

Temperature at Mid Troposphere
12:00 December 21, 2016

217.5 242 K

At great altitudes above the Tibetan Plateau, as the 
belt of higher solar insolation shifts south, the increased 
temperatures brought by the summer begin to reduce 
once again, bringing an increase in atmospheric pressure 
to this level.
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Aerosol particles generated from both man-made 
and natural emissions accumulate through the lower 
troposphere amongst the clouds. These particles 
block and absorb the suns radiation, increasing the 
temperature at higher altitudes whilst reducing the solar 
insolation at the surface. These interferences amongst 
global temperature gradients significantly disturb the 
meteorological balances of the monsoonal system - the 
consequences of this, amongst other effects, is still being 
understood.

1000 km0

A PORTRAIT OF THE SUBCONTINENTAL MONSOON 
WINTER SOLSTICE 2016

This image is a portrayal of the South Asian monsoon over the Indian subcontinent during the Winter Solstice, December 21st 2016. 
Leading up to this moment, the earth’s orbit and titled rotational axis leans the northern hemisphere away from sun, lowering the 
temperature of the landmass relative to the surrounding seas, triggering the chain of meteorological processes that commence the 
north-easterly withdrawal of the monsoon. This winter monsoon, characterised by its dry winds and lesser amounts of rainfall, is told 

here through the layers of the air, the atmosphere, and the temperature changes that drive it.
This image was produced solely using data gathered from satellite observation and climate forecast system analysis, a selection of 

which is described above.



Kanyakumari
8.0883° N, 77.5385° E

Leh, a high altitude city in the cold desert region of Ladakh, situated 
in the northwestern corner of Indian and falling within the rain shadow 
to the west of the Tibetan Plateau. Until recently, this historically dry 
region had little experience of monsoon rainfall; residents said that they 
‘barely knew of the monsoon at all.’ Ladakh lay beyond the range of the 
moisture-laden monsoon clouds, that, drawn by heat over the plateau, 
were lifted over the southwestern ridges of the Himalayas. Here they 
deposited their moisture into the reservoir of lakes and rivers that went 
on to distribute water to nearly 1.35 billion people. Recently, however, 
changes in global climate patterns have interfered with the dynamics 
of this seasonal weather event. An increase in heat across the region, 
amongst other disruptions within the climatic balance, has extended 
the monsoon clouds’ journey northwards, widening the precipitation 
occurrences and giving rise to new territories of high-mountain monsoon 
rains. This has meant that, in recent years, the normally dry region of 
Ladakh, has been experiencing a two-week season of monsoonal 
cloudbursts. Now, residents say, ‘everyone worries about the monsoon,’ 
and the impact it might have on their habitation and ways of life. 

Leh
34.1525° N, 77.5770° E

Kanyakumari lies at the southern tip of India in the state of Tamil Nadu. It 
is revered in popular culture as the place where three oceans meet - the 
Arabian Sea, the Indian Ocean, and the Bay of Bengal, and is home to 
many unique native medicinal plants. It has an unusual bi-modal climate, 
receiving rain from both the southwest and the northeast monsoons. 
But this is changing. Rising temperatures and erratic rainfall are making 
it more drought prone and rain-fed agriculture is becoming non-viable. 
In 2016, Kanyakumari experienced the worst drought in 140 years and 
the President of the Tamil Nadu Farmers Union quipped that ‘the rains 
have forgotten us.’ Kanyakumari is also exposed to frequent extreme 
weather events owing to its unique location. It was severely impacted by 
the Indian Ocean Tsunami in 2004 and Cyclone Ochki in 2017. The after-
effects of these disasters are being compounded by plans to construct a 
trans-shipment port and road and rail links through the district as part of 
a national port development plan. The confluence of human and more-
than-human actions and events will have long term consequences for 
Kanyakumari’s terrestrial and marine eco systems and the health and 
well being of those dependent on them.

250 km0

A SECTION THROUGH THE SUBCONTINENTAL MONSOON
Longitude 77.5° : JUNE - AUGUST 2016

This section, taken at 77.5 degrees east, cuts through the desert city 
of Leh nestled high amongst the Himalayan mountains to the north, 
and Kanyakumari, a coastal city located at the southernmost tip of 
India. The cross section dissects the earth’s sedimentary and crustal 
layers, topographic terrain, and atmosphere above, portraying the 
advancement of the summer subcontinental monsoon across time. 
The image, read from right to left, begins with the gathering of clouds 
over the ocean in June, the moisture laden winds journey across the 
landmass of India through July, to their meeting with the Himalayan 
front in August.
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