
 

More extreme and more frequent: Drought
and aridity in the 21st century
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Dry ground in the Sonoran Desert, Sonora,Mexico. Credit: Tomas Castelazo,
tomascastelazo.com / Wikimedia Commons / CC BY-SA 4.0

The field of climate science seems to contain many examples of
alarming runaway feedback loops, vicious cycles, and previously
unimagined detrimental synergistic effects arising within Earth
systems—for example, the albedo effect with regard to melting sea ice;
or melting permafrost releasing more methane to further accelerate the
melting process. New research by a team from Columbia University
continues in this vein with results from their recent study published in 
Science Advances. The study, "Projected increases in intensity,
frequency, and terrestrial carbon costs of compound drought and aridity
events," shows that the compound effect of soil moisture (SM) and
vapor pressure deficit (VPD) on terrestrial carbon uptake is greater than
the effect of either variable when considered separately, and that these
two conditions tend to mutually reinforce each other.

Drought and excessive heat are two forms of extreme weather that have
had, and will continue to have, a major impact on natural systems as well
as human communities and systems that rely on them. A third climate
dynamic, atmospheric aridity, is a combined measure of both
temperature and atmospheric humidity, encapsulated in the metric of
VPD. SM and VPD are both recognized indicators of carbon uptake and
water use by plants in times of drought, and extreme occurrences of both
of these indicators—high VPD or low SM—are known to trigger plant
stomata to narrow or close, thus limiting carbon uptake. VPD and SM
are conditions that are also known to co-occur, and while they have often
been evaluated independently in the past, an important goal of this study
was to better understand the relationship between the two variables
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occurring in concert.

The compound effects of VPD and SM have been characterized by the
investigators as "driven by a series of complementary physical
processes," of which low SM contributes to decreased
evapotranspiration. Reduced evapotranspiration in turn leads to increases
in temperature and higher VPD (because of decreased evaporative
cooling and near-surface humidity). Increased VPD drives further
evapotranspiration, which in turn accelerates decreases in SM. The co-
occurrence of VPD and SM in this vicious circle has been on the rise
since the mid 20th century, and these co-occuring events have increased
in frequency and intensity. This pattern is predicted to continually
increase into the foreseeable future in tandem with warming trends.

In exploring the relationship between SM and VPD, Zhou and colleagues
also looked at their effect on future climate scenarios, especially with
regard to how observed data corresponded to several Earth system
models (ESMs), in terms of their accuracy in relation to both past
historical simulations and future climate simulation predictions.
Specifically, their study showed that: "(i) compound VPD and SM
extremes occur much more frequently than expected if VPD and SM
were not intimately coupled, (ii) this co-evolution of drought and aridity
results in substantial ecosystem carbon losses, and (iii) the impacts of
these compound extremes will strengthen in the future."

In testing their hypotheses, Zhou and colleagues collected daily
observations data from 66 flux tower sites, mostly located in low- and
mid-latitude locations, and evaluated the relationship among SM, VPD,
net ecosystem productivity (NEP), gross primary productivity (GPP),
and total ecosystem respiration (TER). NEP is a measure of of the
terrestrial carbon budget, while GPP and TER are constituent metrics of
NEP, representing photosynthesis and respiration, respectively.
Statistical analysis of these data confirmed a strong and bimodal
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correlation between SM and VPD at both extremes; that is, low SM and
high VPD tended to co-occur as did high SM and low VPD. Moreover,
they found that low SM-high VPD events tended to co-occur about twice
as frequently as each variable considered independently, and that low
SM-high VPD conditions tended to become more tightly coupled as they
grew more extreme. In the presence of extreme low SM-high VPD
conditions, GPP and NEP both decreased, while TER remained
relatively stable.

To compare and verify their observations from the flux tower data, the
group examined centennial simulations of historical (1871-1970) and
projected future (2001-2100) climate conditions vis-a-vis 15 ESMs.
These ESMs confirmed the negative correlation between SM and VPD
and allowed the researchers to map areas of the globe in which the
probability multiplication factor, the primary statistical measure of this
study, was particularly pronounced. Of note, the southeastern US, the
Amazon region, Southern Africa, and East and Southeast Asia all
demonstrated strong SM-VPD interaction in both historical and future
ESM models. These ESM models predicted increases in both frequency
and intensity of compound SM-VPD events, which will have a
significant global impact on continental carbon sink capacity.

In evaluating this future impact of extreme VPD-SM in the ESMs, the
investigators projected a decline in carbon uptake. With regard to most
non-boreal regions between 50 degrees north latitude and 50 degrees
south latitude (where most of the flux tower data were collected), TER
decreased. Both GPP and TER as affected by VPD-SM compound
events were associated with "negative NEP anomalies… over more than
75% of the land area during the two [historical and future ESM
simulation] periods." In summary, "tremendous projected increases in
the co-occurrence rate and magnitude of concurrent VPD and SM
extremes in many regions globally" will result in drastic reductions in
ecosystems' carbon uptake capacity.
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ESM data also showed that NEP anomalies resulting from compound
extreme SM-VPD events were much stronger than anomalies resulting
from extreme events stemming from only one of these variables. Results
differed regionally In assessing the additive effects of one extreme
variable versus another in relation to carbon uptake in the context of
historical and future simulations. Extreme low SM was projected to have
a greater impact on NEP than extreme high VPD in the Northern
Hemisphere, though this finding did not apply to the Amazon and Congo
basins in the Southern Hemisphere. The additional effect of extreme low
SM on GPP was shown to be much greater than the effect of extreme
high VPD for almost all land masses in future simulations, however.

Zhou and colleagues also take into account the mitigating factor of the
phenomenon known as CO2 fertilization, whereby the rate of
photosynthesis increases in plants due to increased atmospheric carbon
dioxide. In spite of this offset though, global carbon uptake is still
predicted to decline. The investigators note a few uncertainties in their
methods and models—for example, the fact that their models don't take
into account the adaptive capacity of plants to climate change. They also
call for future work to separate the effects of VPD and SM as they apply
to ecosystem models, since VPD is expected to increase substantially
across the globe, whereas SM projections seem to apply less universally.

In conclusion, the group states, "our results highlight the importance of
compound drought and aridity events and their impact on continental
carbon uptake, and the need to consider these factors in evaluation of
future climate change risks. Considering the projected increases in the
intensity and frequency of compound drought and aridity events in the
21st century, strategies should be developed and implemented to manage
risks and improve adaptive capacity."

  More information: Sha Zhou et al. Projected increases in intensity,
frequency, and terrestrial carbon costs of compound drought and aridity
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