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A call for consistency with the terms ‘wetter’ 
and ‘drier’ in climate change studies
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Abstract 

Ongoing and future hydroclimatic changes have large environmental and societal impacts. In terrestrial ecosystems, 
these changes are usually described with the terms ‘wetter’ and ‘drier’, which refer to the change in the quantity and/
or presence of water, either as water fluxes or stocks. We conducted a literature review of almost 500 recent climate 
change studies to quantitatively investigate the consistency of the use of these terms across disciplines, regarding the 
hydroclimatic variables they are related to. We found that although precipitation is prevalently used to describe ‘wet‑
ter’ and ‘drier’ conditions, many other variables are also used to refer to changes in water availability between research 
fields, pointing to a varied perspective on the use of these terms. Some studies do not define the terms at all. In order 
to facilitate meta-analyses across disciplines, we therefore highlight the need to explicitly state which hydroclimatic 
variables authors are referring to. In this way, we hope that the terms ‘wetter’ and ‘drier’ used in scientific studies are 
easier to relate to hydroclimatic processes, which should facilitate the application by authorities and policy makers.
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Difficult to synthesize ‘wetting’ and ‘drying’ effects
Climate change-induced alterations of the global hydro-
logical cycle can have substantial impacts on local cli-
mate, ecosystems, and societies [1–6]. For example, 
reduced precipitation can cause droughts, higher tem-
peratures can turn snowfall into rainfall, and increased 
runoff can lead to floods [1, 5, 7, 8]. Such hydrological 
changes can affect society either directly, e.g., through 
catastrophic damage, or indirectly, e.g., through reduced 
crop productivity [4]. One of the main questions in cli-
mate change studies therefore is whether a specific region 
will increase or decrease its amount of water. This ques-
tion is also related to the paradigm ‘dry gets drier, wet 
gets wetter’ [9], agreeing with the general concept of the 
intensification of the water cycle [4]. Hence, the terms 

‘drier’ and ‘wetter’ are now used widely across disciplines, 
with studies describing historical or future changes in 
water availability. Predictions of drier or wetter condi-
tions should be communicated carefully and accurately 
both among scientists and to the public, especially to 
stakeholders and populations who depend directly on 
that water resource. An estimate of potentially drier con-
ditions would motivate authorities to prepare for drought 
and reductions in the freshwater resource required for 
private households, industry, energy and agriculture sec-
tors. On the contrary, an estimate of potentially wetter 
conditions appears to reduce the threat of expected cata-
strophic droughts, but can raise concern and awareness 
in the population to experience more flooding events and 
intense rains. However, confusion appears to be arising 
within the multidisciplinary climate change community 
because of the inconsistent use of the terms ‘wetter’ and 
‘drier’ to describe changes in a broad range of hydrocli-
matic trends and their effects on ecosystems, agriculture, 
and water supply for societies [10–13].
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It is worth noting that the ‘dry gets drier, wet gets wet-
ter’ paradigm is mostly based on oceanic data and appar-
ently does not hold for changes over land [9, 14–16]. 
Moreover, hydroclimatic patterns vary not only spatially 
(e.g., ocean vs. land, or small-scale vs. large-scale) [4, 17–
19], but also temporally (e.g., long-term totals vs. short-
term extremes, or dry vs. wet seasons) [20–22]. So it is 
not only the overall amount of a variable that matters, 
but also its spatial and temporal distribution. For exam-
ple if a given yearly amount of precipitation is confined to 
only winter months (i.e., snow during dormant season), 
it has very different implications for the ecosystem com-
pared to if it would fall during summer (i.e., rain during 
growing season), or within only a few days (i.e., extreme 
weather events).

In general, ‘wetter’ implies an increase in water fluxes 
such as precipitation and runoff or in water stocks such 
as soil moisture and surface water volume, while ‘drier’ 
implies the opposite. Although absolute hydroclimatic 
variables and their changes are interrelated by the con-
servation of water mass and energy, their magnitude of 
change may not be consistent [4, 23, 24]. For example, 
an increase in precipitation in time does not necessarily 
imply an increase in river water availability—if accom-
panied by a steep increase in evaporation by more ther-
mal energy availability, runoff can in fact decrease [25, 
26]. Therefore, based on changes in precipitation alone, 
it cannot be concluded that landscape conditions will 
become unambiguously ‘wetter’ or ‘drier’ [19, 25, 27].

In addition to this complexity in the global ‘wetting’ 
and ‘drying’ trends, we want to point out that there is 
another factor adding to uncertainty, which is the vari-
ability of meanings of the words ‘wetter’ and ‘drier’. The 
same words are being used in the scientific literature to 
describe different processes, which makes it difficult for 
researchers to compare and synthesize results, and con-
fusing for the wider audience to understand and commu-
nicate climate change effects correctly.

The problem of the multiple meanings of the terms 
‘wetter’ and ‘drier’ is particularly evident when compar-
ing different research fields. For example, in meteorol-
ogy, droughts are usually characterized by precipitation, 
in agricultural studies by soil moisture, and in surface 
hydrology by water storage or runoff [23, 28, 29]. A 
recent literature review has pointed out how even within 
one research field, in this case ecology, droughts are char-
acterized in many different ways (e.g., a decrease in either 
precipitation, soil moisture or streamflow) [30]. Although 
the water variable related to the ‘dry gets drier, wet gets 
wetter’ concept is usually the residual of precipitation 
minus evaporation or evapotranspiration [15, 20], there 
are also cases where it is related to drought indices or soil 
moisture [16, 31]. In a broader context, our work fits well 

into the general call for a common terminology within 
climate science [32] and ecology [33]. By quantifying the 
differences between research fields, we hope to add new 
insights to this discussion.

Scoping review
In order to shed light on the discrepant meanings of ‘wet-
ter’ and ‘drier’ in climate change studies, we performed 
a literature review and investigated how different envi-
ronmental research fields define those two words. In 
the search engine Scopus, we searched for the keywords 
‘drier’, ‘wetter’ and ‘climate change’ in the title, abstract 
and keywords of all articles that were published between 
2012 and 2017 under the two subject areas ‘Agricultural 
and Biological Sciences’ and ‘Earth and Planetary Sci-
ences’. This search returned 507 articles, from which 
20 records were excluded to restrict our study to only 
studies fully available in English and published in peer 
reviewed journals. We read the abstract of each article to 
understand the context, and then searched for the words 
‘drier’ and ‘wetter’ in the text using the search function. 
Each time one of these two words came up, we read the 
surrounding paragraphs to determine which hydrocli-
matic variables the terms ‘wetter’ or ‘drier’ are relating 
to in the given context. Usually, it became evident within 
the same paragraph, but if not, we expanded reading also 
the next paragraphs until we found the information we 
were looking for. We had pre-defined several hydrocli-
matic variables that we had expected to find, and noted 
others that we had not pre-defined and were rarely used 
(full list of variables in Table 1). If an article used several 
hydroclimatic variables to describe ‘wetter’ or ‘drier’, we 
noted down all of the variables.

Moreover, we noted the temporal extent of the study, 
grouped into 4 categories (< 1 year, 1–5 years, 6–20 years 
and > 20 years), as well as its spatial extent, grouped into 
three categories: local (i.e., just one field site), regional 
(i.e., from landscape scale to biomes) and global. Due 
to the great variety of research fields, we decided to not 
quantify the spatial categories, but to categorize them 
based on the context (e.g., ‘local’ in a plant ecological 
study is much smaller than ‘local’ in an atmospheric sci-
ence study). Finally, we grouped all articles into 18 differ-
ent research fields, according to CiteScore, which were 
‘Agronomy and Crop Science’, ‘Earth-Surface Processes’, 
‘Geology’, ‘Animal Science and Zoology’, ‘Ecology’, ‘Geo-
physics’, ‘Aquatic Science’, ‘Ecology, Evolution, Behavior 
and Systematics’, ‘Oceanography’, ‘Archeology’, ‘Forestry’, 
‘Paleontology’, ‘Archeology (arts and humanities)’, ‘Gen-
eral Agricultural and Biological Sciences’, ‘Plant Science’, 
‘Atmospheric Science’, ‘General Earth and Planetary Sci-
ences’ and ‘Water Science and Technology’. A table with 
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the results of our scoping review can be found in Addi-
tional file 1.

‘Wetter’ and ‘drier’ are defined differently 
across research fields
We found that environmental disciplines are defin-
ing ‘wetter’ and ‘drier’ differently. According to our lit-
erature study, precipitation is the main variable that all 
research fields (except for ‘Geology’) use to define ‘wet-
ter’ and ‘drier’ conditions (Fig.  1), either on its own or 
in combination with other variables. However, for the 
remaining variables that can represent ‘wetter’ or ‘drier’ 
conditions, we found substantial differences within and 
between research fields. For example, temperature is 
mentioned mostly in ‘Agronomy and Crop Science’ and 
‘Ecology’ (even though changes in temperature on their 
own cannot really imply that water availability is chang-
ing), evapotranspiration in ‘Aquatic Science’, soil mois-
ture in ‘Animal Science and Zoology’, ‘Ecology, Evolution, 
Behavior and Systematics’ and ‘Plant Science’, and runoff 
in ‘Water Science and Technology’ and ‘Earth-Surface 
Processes’. In a small number of studies, mostly in ‘Arche-
ology (arts and humanities)’, ‘Geology’, ‘Plant Science’ and 
‘Water Science and Technology’, water table is the vari-
able defining ‘wetter’ and ‘drier’ conditions.

Proxies like tree rings or lake sediments are commonly 
used in fields such as ‘Paleontology’ and ‘Archeology’ 
to infer historic climatic conditions and do not directly 
relate to any hydroclimatic variables, and they gener-
ally cannot disentangle signals of moisture from those of 
temperature [34]. In addition to the variables that we had 
pre-defined, we also found other, rarely mentioned vari-
ables relating to ‘wetter’ or ‘drier’, such as salinity, stream-
flow, humidity, habitat type or radiation. In surprisingly 
many research articles the words ‘wetter’ and ‘drier’ are 
not defined or related to any hydroclimatic variable at all, 
primarily in ‘General Earth and Planetary Sciences’ and 
‘Geology’.

We also analysed how many hydroclimatic variables are 
used to define ‘wetter’ and ‘drier’ conditions per article. 
In most cases, authors refer to only one variable (mostly 
precipitation) to describe ‘wetter’ or ‘drier’ conditions, 
although there can be up to four variables being used 
simultaneously (Fig. 2). Notably, even in cases where only 
one variable is characterizing ‘wetter’ and ‘drier’ condi-
tions, there is no consistency among articles.

Another important aspect is that the temporal 
(< 1 year, 1–5 years, 6–20 years, > 20 years) and spatial 
scales (local, regional, global) vary among studies. Refer-
ence conditions for a study area to be ‘wetter’ or ‘drier’ 
can relate either to a change in time or in space, mean-
ing that measurements can be taken either over a certain 
timespan, at two points in time, during reoccurring wet 
and dry seasons, along a spatial gradient or to compare 
wetter and drier sites. At regional and global scales, pre-
cipitation and evapotranspiration are mentioned more 
often, since these measurements can easily be derived 
from weather stations; whereas at local scales (i.e., catch-
ment scale or smaller), soil moisture and water table 
based on field studies are more commonly used (Fig. 3b). 
Proxy samples taken at local scales (Fig.  3b) are often 
used in paleoclimate studies to represent a large temporal 
scale (Fig. 3a).

In addition to our quantitative analyses, we also noted 
other interesting patterns. In some cases it was impos-
sible to disentangle temperature and precipitation, as 
they were used pairwise throughout the text. A typical 
example would be: “[…] as conditions become warmer 
and drier, populations presently adapted to cooler and 
wetter conditions may evolve to become more similar to 
those adapted to warmer and drier conditions.” [35]. In 
other cases, the authors seemed to be aware of the ambi-
guity of the terms ‘wetter’ and ‘drier’. This could be seen 
for example when they used quotation marks, e.g., in 
“We also constructed a throughfall-interception experi-
ment to create “wetter” and “drier” plots.” [36] or in “[…] 

Table 1  Hydroclimatic variables used to describe ‘wetter’ and ‘drier’ conditions, based on 487 studies

Variable Explanation

Precipitation In liquid or solid form

Soil moisture Soil water content/potential/storage, available soil water

Runoff Both surface and subsurface

Temperature Only air temperature

Evapotranspiration Both actual and potential evapotranspiration

Water table Groundwater and surface water levels

Proxies Stalagmites, sediments (pollen, isotopes, molluscs, diatoms, charcoal, magnetic etc.), tree rings, corals, mammals, paleosols

Not defined Unclear how ‘wetter’ and ‘drier’ should be understood in the context

Other variables Variables that were rarely mentioned, e.g., vegetation/habitat type (like wet/dry forests), humidity (usually very vague), 
water temperature, sea surface temperature, stream flow, salinity, radiation, snow water equivalent



Page 4 of 7Roth et al. Environ Evid            (2021) 10:8 

precipitation and drought treatments shifted natural soil 
moisture gradients to “wetter” and “drier”, respectively.” 
[37]. Some authors defined these terms particularly 
clearly, e.g., in “[…] July was the wettest month in respect 
of precipitation and a drier one in respect of runoff […]” 
[38] or in “For all three variables there is a clear increase 
over time in the total area becoming permanently wetter 
or drier than the historical mean.” [23].

Our suggestions for a more precise communication
In conclusion, we found no consistency on what consti-
tutes ‘wetter’ or ‘drier’ conditions among the research 
fields we examined. The varying, sometimes even lacking, 

definitions of these terms obstruct synthesizing results 
from different climate change studies. It also hinders a 
clear communication of socially relevant climate change 
effects and adaptation strategies for communities and 
ecosystems. In order to make informed predictions on 
the effects of climate change, it is necessary to be able to 
compare between different research fields, geographical 
regions as well as temporal and spatial scales.

Given the broad range of research fields examin-
ing drying and wetting effects of climate change, it 
seems unreasonable to try to standardize the defini-
tions of ‘wetter’ and ‘drier’. However, we have several 
suggestions that might facilitate synthesizing results 

Agronomy and Crop Science
(22 articles)

Animal Science and Zoology
(10 articles)

Aquatic Science
(13 articles)

Archeology
(31 articles)

Archeology 
(arts and humanities)
(11 articles)

Atmospheric Science
(81 articles)

Ecology
(16 articles)

Earth-Surface Processes
(38 articles)

Ecology, Evolution, 
Behavior and Systematics
(32 articles)

Forestry
(21 articles)

General Agricultural 
and Biological Sciences
(26 articles)

General Earth 
and Planetary Sciences
(24 articles)

Geology
(13 articles)

Geophysics
(11 articles)

Oceanography
(12 articles)

Paleontology
(52 articles)

Plant Science
(22 articles)

Water Science and Technology
(16 articles)

Variable
Precipitation

Temperature

Evapotranspiration

Soil moisture

Runoff

Water table

Proxies

Other variables

Not defined

100 %

75 %

50 %

25 %

Fig. 1  Hydroclimatic variables used to define ‘wetter’ and ‘drier’ conditions. We analysed 487 climate change studies published between 2012 and 
2017 and sorted them by research discipline. Only research fields that comprise 10 or more articles are shown. One article can use none, one or 
several hydroclimatic variables to define ‘wetter’ and ‘drier’ conditions
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from different studies. First, it should be stated clearly 
which hydroclimatic variable(s), spatial scale and tem-
poral scale the authors are referring to when mention-
ing the terms ‘wetter’ or ‘drier’. This information should 
be included in the method section of the paper, not in 
the supplementary material, so that it is easily accessi-
ble. As we found in our literature review, several stud-
ies used those terms without further explanation—this 
should be avoided. A clear definition of the terms ‘wet-
ter’ and ‘drier’ would make the studies more quantifi-
able and comparable. Secondly, since the terms ‘wetter’ 
and ‘drier’ are referring to a process, it should be clari-
fied which original state that change is being compared 
to. Thirdly, adjectives identifying water availability 
should not be supplanted by those of energy availabil-
ity (i.e., temperature) and it should be possible to dis-
entangle the effects of precipitation from temperature. 
Finally, when synthesizing several studies from dif-
ferent research fields, one has to be aware that ‘wet-
ter’ or ‘drier’ might refer to different hydroclimatic 
processes, and might therefore have different effects 
on the ecosystem. For example ‘drier’ in the sense of 
decreased precipitation can have different effects than 
‘drier’ meaning a lower water table, or increased salin-
ity. Furthermore, ‘drier’ during a time of the season 
when plants or fields are dormant might not necessar-
ily affect growth or yield. Therefore, there is a need to 
be cautious when drawing conclusions about ‘drying’ 
or ‘wetting’ effects across research fields, and examine 

carefully if it is really the same process that is being 
described. Our recommendations are summarized in 
Box 1.

Box 1 Suggestions for more consistency with the terms 
‘wetter’ and ‘drier’ in climate change studies
Checklist for using ‘wetter’ and ‘drier’

•	Which hydroclimatic variable/s is/are meant?
•	What is the spatial and temporal scale of the study?
•	Which original state are ‘wetter’ and/or ‘drier’ com-

pared to?
•	Are the effects of precipitation distinguishable from 

those of temperature?
•	When synthesizing results from different studies, are 

the same hydroclimatic processes investigated, i.e., 
are the effects on ecosystems comparable?

1 variable 2 variables 3 variables 4 variables
(298 articles) (99 articles) (26 articles) (7 articles)

0 variables
(57 articles)

Fig. 2  Count of different hydroclimatic variables used to define 
‘wetter’ or ‘drier’ in 487 climate change studies published between 
2012 and 2017, sorted by the number of variables per article. 57 
studies did not define ‘wetter’ or ‘drier’ at all (i.e., 0 variables)
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ge

b Spatial extent

a Temporal extent

< 1 year 1 - 5 years 6 - 20 years > 20 years
(78 articles) (36 articles) (38 articles) (335 articles)

local regional global
(158 articles) (305 articles) (24 articles)

Not defined
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ta
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100 %

75 %

50 %

25 %

0 %
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Fig. 3  Percentage of hydroclimatic variables used to define ‘wetter’ 
or ‘drier’ conditions in relation to the a temporal and b spatial extent 
of the study. We analysed 487 climate change studies published 
between 2012 and 2017. One article can include none, one or several 
hydroclimatic variables



Page 6 of 7Roth et al. Environ Evid            (2021) 10:8 

Our recommendations are aimed primarily at fellow 
researchers. If authors of climate change studies are 
clear about how they define ‘wetter’ and ‘drier’, it will be 
easier to synthesize findings of multiple articles across 
research fields. Summarized findings can then serve as 
an accurate and convincing basis for public and private 
stakeholders to communicate climate change effects and 
to base their decisions upon. This in turn should steer 
the public climate change debate towards a more com-
prehensible and effective discussion about impacts and 
adaptation.
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