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Editorial

Editorial: the migration storm on the horizon

Many governments today seem alarmed by a perceived crisis of
migration pressure. Yet, there appears to be little political aware-
ness of the massive global mass-migration pressure that is build-
ing because of deadly heat, drought, and associated water
shortages and hunger. Heat impacts are felt immediately, while
drought impacts accumulate over years to decades. These com-
bined impacts will render large parts of the tropical and subtropi-
cal regions uninhabitable within decades, and at the same time
seriously threaten global food security. This cocktail will increase
migration pressure many times over, both directly and by fuel-
ing conflicts.

Global climate change

Satellite and surface measurements reveal accelerating global
warming [1-3]. This can be extrapolated into the future using ei-
ther complex climate models or straightforward statistical rela-
tionships, using different potential scenarios of population
growth, economic development, energy use per capita, and
climate-change mitigation strategies [4]. Uncertainties in both
the scenarios and the extrapolation methods are incorporated in
the resulting projections. Emissions scenarios can be broadly
classed as optimistic, average, and pessimistic. Optimistic sce-
narios include rapid emissions reduction starting immediately,
along with greenhouse gas removal to achieve net zero emissions
at some time between 2050 and 2100. Average ones reach peak
emissions by about 2040, followed by major emissions reduction
along with greenhouse gas removal. Pessimistic scenarios in-
clude greenhouse gas emissions that continue to increase in a
similarly rapid manner as they did until about 2015. Typically,
these scenarios end up at roughly 2°C, roughly 3°C, and roughly
5°C of warming by 2100, respectively [5, 6]. By about 2015, ob-
served human-caused emissions dropped below the most pessi-
mistic trajectories [7], and most likely warming by 2100 seems to
be 3°C across different economic assumptions [8].

No complicated climate models are needed for a decent indi-
cation of future global mean warming. Instead, we can use the
historical, almost-linear, relationship between the sum of green-
house gas emissions through time and global mean temperature
change [9, 10]. Projected future emissions for each scenario are
then added to the historical ones, and the results fed into the re-
lationship to estimate the scenario’s global mean warming (with
uncertainties). But climate models remain essential to reveal the
associated patterns of temperature or drought around the world.

Temperature

There are serious worries about the development of long-lasting
conditions of dangerous to lethal heat for humans, livestock, and
other animals. Critical factors are (a) the so-called wet-bulb tem-
perature (the bulb term refers to the bulb-shaped reservoir of tra-
ditional thermometers), and (b) the duration at which it persists
above dangerous or deadly threshold levels. The wet-bulb tem-
perature takes the normal or “dry-bulb” temperature and adjusts
this for evaporative cooling effects. You can get a sense of it by
using a normal thermometer inserted in a wet sock that you ex-
pose to airflow in the shade [11]. Humans and other animals use
evaporative cooling by perspiring or panting to regulate their
body temperature under hot conditions. Evaporation rates de-
pend strongly on relative air humidity, and on wind speed (air
flow). At high (notably, tropical) relative air humidities between
90 and 100%, there can be little evaporation because the air is al-
most saturated with moisture already. This makes hot and very
humid conditions so uncomfortable because the body cannot use
evaporative cooling to regulate its temperature.

Diverse heat indices can be calculated based on the wet bulb
temperature, some of which include direct radiant heat from ex-
posure to the sun [12, 13]. These indices give the so-called heat
stress. The impact of heat stress on the functioning of human
and animal bodies is known as heat strain. Impacts range from
reductions in welfare and fertility, to increases in disease and
mortality [14, 15]. For humans, extended exposure to 40°C heat
without relief becomes lethal at 20% relative humidity when
there is efficient evaporative cooling, whereas the same danger
level arises at about 31°C at 100% relative humidity because
there is no evaporative cooling [16-18]. The maximum time that
such conditions can be endured without relief is only about
six hours [19, 20].

Dangerous and deadly conditions around the world can be
mapped for different future climate scenarios based on climate
model output. Results are often presented as maps of the num-
ber of days within a year that exceed dangerous or deadly thresh-
olds. This reveals that widespread tropical regions will
experience up to 150days per year of deadly conditions by 2100
under optimistic climate scenarios, and to up to 250days per
year or even every day of the year under average and pessimistic
climate scenarios, respectively [16, 21]. Current emissions are
tracking close to those foreseen in average emissions scenarios
(see above). The transition to more than 100 days occurs as early
as 2030 to 2040 [16]. As more days with deadly conditions occur,
so does the likelihood that the human tolerance limit of about six
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hours without relief is exceeded during a considerable proportion
of these days.

Particular heat hotspots span Amazonia, western tropical
Africa, much of southeastern Asia, virtually all of India and
Indonesia, and northern Australia [13, 16]. Lack of relief during
long-lasting lethal heat conditions will drive massive distress and
mortality among both humans and animals in these regions. And
the changes are too rapid for evolutionary adaptations, so that
the only options are death or migration out of the tropical dan-
ger zones.

Drought

Dry or arid, and wet or humid conditions are distributed around
the world according to the net balance between (a) water gain
from precipitation (rain, snow, hail, mist, and dew) and ground-
water- or river-inflow, and (b) water loss because of physical
evaporation and because of vegetation-driven transpiration.
Evaporation and transpiration are collectively known as evapo-
transpiration. Wet conditions exist if the net balance between
water gain and loss is positive, and dry conditions if the opposite
applies. In general terms, this results in a wet tropical belt, dry
subtropical regions, and wet mid-latitudes. Superimposed varia-
tions exist because of seasonal changes (especially monsoons)
and regional effects such as those caused by mountain ranges.

As the world heats up, greater rates of evaporation develop,
and more precipitation occurs when the moisture-laden air cools
down again elsewhere. This results in greater aridity in already
dry regions, and increased humidity in wet regions. Storminess
also increases because of both increased temperature gradients
and increased vapor-transport through the atmosphere (which
implies greater energy transport). Climate projections have been
interpreted to suggest a generalized “wet gets wetter, dry gets
drier” pattern (for overview and limitations, see [22]), as well as
an increase in exposure to extreme events [23]. Examples include
intensification of Sahel drought [24]; expansion of arid subtropi-
cal conditions into forested areas of South America, pastureland
in Europe, Asia, and Africa, and major croplands throughout the
Northern Hemisphere [25]; increasing heatwave extremes both
on land and at sea [26-28]; and rising intensities of both low-
latitude hurricanes/typhoons [29] and mid-latitude storms [30].
While there are many compounding influences, all these changes
include a clear underlying trend related to global climate change.

Drought not only affects drink-water supplies and plant mor-
tality in the short term. Dry soils also lack evaporative cooling and
become hotter. Long-term consequences of soil drying and heat-
ing include decreasing water-holding capacity and increasing salt-
buildup. These worsen the ability to raise crops and livestock
in future years, which intensifies the impacts of future droughts
[31-33]. Thus, intensification and poleward expansion of subtropi-
cal drought conditions pose a serious risk to the major crop-
growing regions in southern Europe, central Eurasia, south-
central China, the American mid-west, central America, southern
Brazil and northern Argentina, southern Africa, and Australia [34].
Together, this critically endangers global food security.

Desertification

We cannot ignore the additional impacts of other human actions.
Especially vegetation clearance makes matters even worse.
Because evapotranspiration is a cooling process, a healthy vege-
tation cover helps to cool the soil on which it grows. Vegetation
clearance—either through deforestation and overgrazing or

because of excessive heating and drought—reduces evapotrans-
piration. This in turn allows hotter conditions to develop at
ground level and in the soil. Occasional rainfall events, or strong
winds in dry periods, then wash or blow away the soil because
there are no longer any roots to keep it together. And reduced at-
mospheric vapor downwind from areas with reduced evapotrans-
piration causes a decrease in precipitation, which increases
drought. In addition, widespread forest collapse drives release of
CO, and methane during the clearing and soil degradation.
Together with the decrease in CO, uptake from the atmosphere
for growth, this drives up atmospheric greenhouse gas levels. For
summaries of such interconnected cascades of events, see
Ellison et al. [35] and Schwarzer [36]. Examples can be found in
the Amazon rainforest, the Chinese loess plateau, the Sahel, and
large parts of Australia [37-44]. The resultant widespread soil
degradation and erosion make regrowth very difficult, except
when humans undertake focused, large-scale efforts to regreen
landscapes and sustain that effort over many decades, which can
re-establish water-retention and soils [45-47].

Impacts

Even at 2-3°C warming, tropical regions will experience 150 to
250days per year of dangerous or worse heat conditions by 2100
[16, 48]. At 4°C global warming, equatorial regions will be largely
uninhabitable, especially throughout Africa and Asia [48]. In
terms of population numbers affected, the impact is enormous:
up to 0.7 billion people will be under very high heat stress in the
tropics at 3°C warming, rising to 1.7 billion people at 4°C warming
[49]. This means that up to 20% of the world population will be
desperate to move away from unlivable conditions. Coming from
the tropics, most of them will first enter the subtropics, where
drought awaits them.

Intensification of subtropical drought and desertification will
play havoc with the world’s food security. The damage will be ir-
reparable unless there is major intervention, which needs to start
immediately if we are to re-establish vegetation, increase water-
retention, and re-build soils. If not, people throughout subtropi-
cal regions will face widespread water shortage, hunger, and all
associated side-effects, including conflict and diseases [50]. Yet,
at the same time, there will be an influx of vast numbers of peo-
ple escaping from increasingly unlivable tropical regions (see
above). These effects combined form a volatile mix of key drivers
for international mass-migration [51].

The scale of the problem is staggering. The United Nations es-
timate that 1.84 billion people worldwide (~20% of humanity)
suffered drought already in 2022 and 2023 [52, 53]. About 600 mil-
lion people are estimated to be under severe migration pressure
from drought [54], and about 5% of these (30 million by 2022) is
already migrating due to disasters that include heat and drought
[55, 56]. The global economic cost of drought in 2022 was about
US$35 billion; more than 10% of that year’'s estimated total
disaster-related cost (chart 19 in Ritchie et al. [57]). By 2050, global
migration pressure due to drought will rise to more than 3 times
modern levels under optimistic climate scenarios, or as much as
7 times modern levels under pessimistic climate scenarios [54].
Using a constant ratio, this implies global costs of US$100 to 700
billion per year. Add to that the impact of migration from the
tropics into the subtropics, and it easily becomes a problem that
exceeds a trillion dollars per year.

Moreover, the migration problem is compounded by a major
food-supply problem. The most important crop regions are also
located at lower latitudes [34], where heat and drought will
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severely affect both farming potential and the farming work-
force. Several major global “breadbaskets” are set to experience
crop yield reductions by 2100 of up to 40% relative to today, while
increases in other regions are insufficient to offset this loss. Even
allowing for adaptation, a net 11% crop yield reduction is
expected by 2100 under optimistic climate scenarios, and 24%
under pessimistic scenarios [58, 59]. As early as 2050, an 8%
global crop yield reduction is expected in all cases in response to
the already accumulated historical emissions [58, 59].

The mid- to high-latitude destination-regions for people dis-
placed from the tropics and subtropics already contain a high
density of people, especially in the northern hemisphere [60].
Yet, these regions cannot cover the loss of tropical-subtropical
food production, and global marine food production is also set to
decline sharply with ongoing warming [21]. Therefore, a cata-
strophic cocktail is brewing of desperate mass-migration from
lower to higher latitudes, along with a major threat to global
food security.

Adding further insult to injury, there is a clear intensification
of floods in relation to the increase in extreme weather events,
just like drought [61]. Flood impacts are also felt immediately
and can continue over years to decades. And, finally, even more
migration pressure will develop on longer timescales due to sea-
level rise [62, 63]. In short, the climate-related migration problem
is both acute and will rapidly grow much worse.

Concluding remarks

Well over half the global population inhabits the tropics and
subtropics, especially north of the equator [60]. A combination of
persistent deadly heat in the tropics and severe drought in the
subtropics creates a clear and present existential threat to
humans and other animals throughout these regions. It has
started already, and all climate scenarios see it accelerating rap-
idly within the next 25 years. Migration pressure toward mid- and
high-latitude regions will increase many times over, as people
seek to escape affected regions. And, at the same time, global
food-production will decline.

If political concerns about today’s global migration pressure
are more than convenient scapegoating tactics, then all alarms
should be going off full blast about what’s coming. Abundant po-
litical cries about a current migration emergency suggest that ev-
eryone can see the crisis already. Yet, it will get so much worse.
There have been many warnings—some cited here—but there is
little evidence of true political awareness.

We might deny the obvious or convince ourselves that super-
man will save us. We might try to hermetically seal borders and
pray to magically avoid continent-scale or global conflict over liv-
ing space, food, and water. We might hope to find some yet un-
known means to overcome the massive humanitarian and
economic costs of the global impacts as they unfold. Or we could
accept responsibility and face the impending crisis with knowl-
edge and courage. Then, at least, we can take the action needed
to avoid the worst. This requires calling a decisive halt to the root
cause behind the impending global declines in habitable land
area and food security: climate change. At the same time, we
should prepare support mechanisms and infrastructure to ac-
commodate migration at levels never seen before.
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