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Abstract

The difference between precipitation and evaporation has been extensively used as a metric in various studies to quantify the

water budget and to characterize the water cycle’s response to global warming. However, when it comes to the global scale, there

might be a gap in the information provided by this metric. Herein, we discuss how the sum of precipitation and evaporation

could be a complementary alternative to assess global water cycle intensification. To support our argument, we present a brief

yet strong correlation and trend analysis of both metrics in four different reanalysis data sets. Our assessment uncovers how

a relationship linking atmospheric water fluxes and temperature at the global scale is more comprehensively described by the

sum of precipitation and evaporation rather than their difference. Therefore, encouraging the scientific community to include

precipitation plus evaporation analyses into their research.
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The difference between precipitation and evaporation has been ex-
tensively used to characterize the water cycle’s response to global
warming. However, when it comes to the global scale, the informa-
tion provided by this metric is inconclusive. Herein, we discuss how
the sum of precipitation and evaporation could complement the as-
sessment of global water cycle intensification. To support our ar-
gument, we present a brief yet robust correlation analysis of both
metrics in four reanalysis data sets (20CR v3, ERA-20C, ERA5, and
NCEP/NCAR R1). Additionally, by combining the two metrics, we
investigate how well the global water cycle fluxes are represented
in the four reanalyses. Among them, we observe four different re-
sponses to the temperature increase between 1950-2010, with ERA5
showing the best agreement with the intensification hypothesis. We
argue that these discrepancies would remain elusive with the tradi-
tional approach, which makes the utilization of the sum of precipita-
tion and evaporation a valuable addition to our methodological tool-
box for the assessment of the global water cycle intensification.
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Understanding the global water cycle and its balance is cru-1

cial for Earth system science and climate change studies.2

To assess the water cycle at multiple spatiotemporal scales, we3

observe and measure the fluxes and storage that comprise its4

budget. Over land, the net water flux into the surface, a vital5

aspect of the water cycle for human society, is described by6

the difference between precipitation and evaporation (P −E).7

Thus, P−E characterizes atmosphere-land surface interactions8

and represents the maximum available renewable freshwater9

(1). Therefore, it is not uncommon to study the behavior10

of this compound variable rather than solely precipitation or11

evaporation. Analogously, evaporation minus precipitation12

(E − P ) determines the surface salinity of the ocean, which13

helps determine the stability of the water column (2). These14

two formulations, i.e., P − E and E − P , are the most used15

metrics to assess the current state and future changes of the16

water cycle (3).17

Consequently, it is no surprise that there have been numer-18

ous efforts to accurately describe the spatiotemporal patterns19

of P −E. There is a consensus that as precipitation increases20

over land, so does the evaporation over the oceans to balance21

the global water cycle (4). As a result, standardized P − E22

over land and the oceans should mirror each other, suggesting23

that the precipitation and evapotranspiration offset over land24

is balanced by the evaporation and precipitation offset over the25

oceans. Notwithstanding, it has become increasingly evident26

that there are contrasting responses between the terrestrial27

and oceanic water cycles (5). Furthermore, upscaling into the28

global scale and regarding the interannual and longer temporal29

scales, mean precipitation and evaporation are roughly on par30

(6), making P −E close to or equal to zero, which unavoidably31

adds little to no value when evaluating long-term changes in 32

the global water cycle. Hence, the insight gained from P − E 33

on water cycle research appears to be limited by the scale at 34

which it is assessed. 35

A plausible alternative worth exploring is to use P + E 36

as a complementary metric to assess water cycle variations. 37

At the regional scale, for example, moisture convergence can 38

increase precipitation (7). Assuming radiation is not limiting, 39

evapotranspiration will be equally enhanced. On the one hand, 40

P−E would suggest no change in the hydrological cycle, while, 41

on the other hand, the increase in P + E would correctly 42

indicate that the water cycle is indeed changing, with more 43

water being circulated in total through the surface-atmosphere 44

continuum. Huntington et al. (8) have already shown that the 45

sum of precipitation and evapotranspiration can be adequately 46

applied to quantify the changes in the terrestrial portion of 47

the water cycle. We argue that this approach can be extended 48

to the description of the whole water cycle because P + E 49

has a robust physical meaning; it describes the total flux of 50

water exchanged between the atmosphere and the surface. 51

Furthermore, like the human heart, the Earth cycles far more 52

water through the atmosphere than its holding capacity. In 53

this manner, it would make sense to also look into the addition 54

of fluxes rather than only their difference when assessing global 55

water cycle intensification. 56

In this study, we physically define precipitation plus evap- 57

oration as a metric to explore its potential to complement 58

research on water cycle changes at the global scale. The data 59
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sources we rely on for such research have continuously evolved,60

but even the most extensive ground observational networks61

cover only about 1% of Earth’s surface (9). In pursuit of a62

more exhaustive assessment at the global scale, we relied on63

reanalysis data to evaluate both P + E and P − E. First, we64

compare both metrics’ aptness to comprehensively capture65

the global water cycle’s response to global warming, and we66

evaluate the P+E behavior in terms of hydrological sensitivity.67

Then, we present the application of P +E in a framework that68

describes the changes in the water cycle. We achieve this by69

exploring the changes in atmospheric water fluxes and storage70

redistribution between land-ocean and the atmosphere, as well71

as the mean temperature conditions. Finally, we discuss the72

possible connotations of the findings regarding P + E and its73

application as a performance metric for reanalysis data.74

The Physical Basis75

The proposed framework is based on quantifying precipitation,76

evaporation, their difference, and their sum. The latter, pre-77

cipitation plus evaporation, is mathematically complementary78

to the widely used P − E metric. Nonetheless, math alone79

does not suffice to improve our understanding of the global80

water cycle. Thus, we will define P + E from a mass balance81

and a kinematic perspective.82

Water Cycle Budget. The global water cycle’s mass balance is83

expressed with the water budget equation:84

P +Qin = E +Qout + ∆S [1]85

where P is precipitation, Qin is water flow into the Earth, E86

is evaporation (since we are at the global scale we will refer87

to it simply as evaporation for brevity, but we acknowledge88

it encompasses evaporation from soils, surface-water bodies,89

and plants), ∆S is water storage change in the land-ocean90

continuum (biological water, fresh lakes, ice, nonrenewable91

groundwater, oceans, permafrost, reservoirs, renewable ground-92

water, rivers, saline lakes, seasonal snow, soil moisture, and93

wetlands), and Qout is water flow out of the Earth. All terms94

are averaged globally over a fixed time period (e.g., [mm/yr]).95

At the global scale, due to Earth’s gravity and temperature,96

water inflow or outflow leaking between the atmosphere and97

outer space is negligible compared with precipitation and evap-98

oration and water storage change (10). Consequently, Qin → 099

and Qout → 0 leaving us with:100

∆S = P − E [2]101

where ∆S represents a storage redistribution from the atmo-102

sphere towards the land-ocean continuum (positive), from the103

land-ocean continuum towards the atmosphere (negative), or104

steady state equilibrium (zero). Now, we define global water105

cycle intensity as:106

GWCI = P + E [3]107

In this manner, intensity is defined as the total total flux108

of water exchanged between the atmosphere and the land-109

ocean continuum. This definition is in line with previous110

formulations in the literature (8, 11). Furthermore, different111

ways to integrate precipitation and evaporation to describe112

the hydroclimatic regime have been in use since for over half113

a century now (e.g., Budyko curve (12)).114

Water Cycle Kinematics. As established above, precipitation 115

plus evaporation describes the water cycle intensity from a 116

mass balance perspective by quantifying the total flux of 117

water exchanged between the atmosphere and the land-ocean 118

continuum. If we describe these atmospheric water fluxes from 119

a kinematic perspective, we have two velocity vectors: 120

~P = P(x, y, ẑ)
~E = E(x, y,−ẑ)

[4] 121

where P is precipitation rate and E is evaporation rate at any 122

location on Earth’s surface. These velocities are parallel to 123

each other but are oriented in opposite directions. Precipita- 124

tion and evaporation are heavily intertwined through moisture 125

recycling. Therefore, we could characterize their interdepen- 126

dence relationship by defining the velocity of the global water 127

cycle as the Newtonian relative velocity of precipitation with 128

respect to evaporation: 129

−−−→
GWC = ~P − ~E

= P(x, y, ẑ)−E(x, y,−ẑ)
= (P + E)(x, y, ẑ)

[5] 130

where (P + E) is the magnitude of global water cycle velocity. 131

Hence, we can safely ascertain that assessing changes in P +E 132

refers to acceleration or deceleration of the global water cycle. 133

Results 134

Our analyses, taken together, show the untapped research 135

potential of precipitation plus evaporation to complement wa- 136

ter cycle intensification research. We start by revealing the 137

standing of P + E with P − E as the existing reference. The 138

added value of the P +E metric becomes readily visible by the 139

superimposition of the annual mean global temperature and 140

the annual total global P + E of the four reanalysis data sets 141

(Figure 1). Their coupling is statistically supported by quanti- 142

fying the linear relationship between these variables (Table 1). 143

The dominant behavior in the long-term relationships reports 144

three common markers: a strong P +E correlation (R-squared 145

≈ 0.8; Figures 1B, 1D, and 1F), a very weak P −E correlation 146

(R-squared < 0.2; Figures 1A, 1C, and 1G), and an apparent 147

decoupling between P +E and temperature around the 1960s. 148

We observe particular traits for ERA5 and NCEP/NCAR R1. 149

ERA5 shows a moderate yet inverse P − E correlation (R 150

= −0.63; Figure 1E). NCEP/NCAR R1, not resembling the 151

other three data sets, has a higher correlation for the differ- 152

ence than the sum of precipitation and evaporation(0.18 vs 153

0.12 R-squared). Moreover, the coupling between P + E and 154

temperature occurs only after the mid-1970s (Figure 1H). The 155

robust performance of P+E over P−E as a metric to substan- 156

tiate the relationship between atmospheric water fluxes and 157

temperature carries from the long-term onto the year-to-year 158

variability (Table 1). Estimating the annual differences, we 159

now observe a homogeneous behavior in all the reanalyses data 160

sets with moderate δ(P + E) correlation (R-squared between 161

0.19− 0.37) and no δ(P − E) correlation (R-squared ≤ 0.02). 162

This independence in δ(P − E) imply that the correlation 163

observed between P − E and temperature was due to the 164

long-term trends, while P +E correlates both to short-term 165

and long-term temperature variability. 166

Thermodynamics, Clausius–Clapeyron scaling in particular, 167

determine the relationship between atmospheric water vapor 168
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Fig. 1. Average global atmospheric water fluxes in [mm/year] and temperature in
[◦C], where P is precipitation, E is evaporation, and T is temperature. P + E in
green, P − E in blue, and temperature in red.

and temperature. However, it is the Earth’s energy balance169

that governs global precipitation and evaporation, and con-170

straining the hydrological sensitivity (3). Consequently, P +E171

should also increase at approximately 2-3 [%/◦C]. To validate172

our hypothesis, we looked into the slopes of linear regression173

fits between P + E, P , and temperature (Table 2). We vali-174

dated the anticipated increases for P + E except for ERA5,175

which had a rate of 4.9±0.3 [%/◦C], but also a rather high pre-176

cipitation increase of 3.8± 0.3 [%/◦C]. R-squared offers some177

insight about the proportion of variance in P + E and P that178

can be explained by temperature. In general the differences179

were quite low. 20CR v3 and ERA5 have higher R-squared180

values for P + E than for P , with differences of 0.12 and181

0.09, respectively. In contrast, ERA-20C and NCEP/NCAR182

R1 have higher R-squared values for precipitation (0.01 and183

0.05). Note that while precipitation has a higher R-squared for184

ERA-20C and NCEP/NCAR R1, the difference is one order185

of magnitude smaller than those whose P + E has a higher186

R-squared (20CR v3 and ERA5). These results demonstrate 187

a good coupling between P + E and hydrological sensitivity. 188

The above analysis highlights the differences between P−E 189

and P + E. We will now show their complementary value 190

through a graphical framework that integrates precipitation, 191

evaporation, their difference, and their sum. By transforming 192

the changes in the relationship of P and E to changes in P −E 193

and P +E, we can describe the water cycle dynamics in terms 194

of atmospheric water storage and fluxes correspondingly. We 195

apply this procedure to the four reanalyses to explore their 196

representation of water cycle between two 30-year periods 197

(1951-1980 and 1981-2010; Figure 2). It is easy to pinpoint 198

some distinguishable features for each data set. The 20CR 199

v3 appears to have substantially higher atmospheric water 200

flux estimates than any other reanalysis. However, if we 201

decompose it in P − E and P + E terms, we can see that in 202

the two periods examined, the difference between precipitation 203

and evaporation increased (blue vector), implying atmospheric 204

water loss (Figure 2B). In ERA5, the exact opposite behavior 205

emerges. The atmospheric water content has been increasing, 206

but overall the average conditions suggest that the atmosphere 207

has been getting drier since 1950 (Figure 2D). The remaining 208

two reanalyses manifest a stationary relationship in the water 209

storage with no changes in the P − E component (Figures 210

2C and 2E). Surprisingly, the flux of atmospheric water is 211

decreasing in NCEP/NCAR R1, suggesting a weakening of 212

the water cycle (green arrow; Figure 2C). 213

It is evident that no two reanalyses are alike when it comes 214

to the exchange of water between the land-ocean continuum 215

and the atmosphere at the global scale. In terms of magnitude, 216

ERA5 reports changes in P + E accelerating almost twice as 217

fast as in the 20CR v3 and ERA-20C (41.5 [mm/yr] versus 218

23.69 [mm/yr] and 25.3 [mm/yr], respectively). The P + E 219

change in NCEP/NCAR R1 is similar to that observed in the 220

20CR v3 and ERA-20C. Although as already mentioned, in 221

the opposite direction. Looking beyond 1950, in the reanalyses 222

with longer records (20CR v3 and ERA-20C), we can see an 223

agreement in the direction of change since 1921. Additionally, 224

both reanalyses show a higher increase in P + E between 225

1951-1980 and 1981-2010 than between 1921-1950 and 1951- 226

1980. What is different, though, is the behavior of P − E, 227

especially if analyzed over their 30-year average trajectory 228

(Figures 2B and 2C; light grey points). In ERA-20C, P − E 229

changes remain consistently stationary and very close to zero 230

(0.15 [mm/yr]), while in the 20CR v3 oscillates substantially 231

following both acceleration and deceleration patterns over the 232

last 120 years. The trajectories of the other two reanalyses 233

show behaviors somewhere in between, with more flexibility 234

in P − E compared to ERA-20C but not as much freedom 235

Table 1. Atmospheric water fluxes vs. temperature long-term and year-to-year linear relationships, where P is precipitation, and E is
evaporation.

Long-term Year-to-year
P + E P − E δ(P + E) δ(P − E)

Reanalysis R-squared p-value R-squared p-value R-squared p-value R-squared p-value

20CR v3 0.82 < 2 × 10−16 0.01 0.14 0.19 1 × 10−9 2 × 10−4 0.87
ERA-20C 0.80 < 2 × 10−16 0.06 1 × 10−2 0.37 2 × 10−12 0.02 0.15
ERA5 0.75 < 2 × 10−16 0.39 3 × 10−9 0.35 3 × 10−8 0.02 0.20
NCEP/NCAR R1 0.12 2 × 10−3 0.18 2 × 10−4 0.22 2 × 10−5 4 × 10−3 0.58
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Fig. 2. Graphical framework for the assessment of global water cycle intensification. P and E are global precipitation and evaporation in [mm/year]. Contour of P = E is
shown as a blue dashed line. Contours of equal P + E are shown as green dashed lines. Changes in P −E and P + E are shown as blue and green vectors correspondingly.
(A) Relationship between average P and E for the full record of reanalyses. (B) Zoomed in panel on the 20CR v3. (C) Zoomed in panel on ERA-20C. (D) Zoomed in panel on
ERA5. (E) Zoomed in panel on NCEP/NCAR R1.

as in the 20CR v3. Overall, the combination of P − E and236

P + E revealed a wealth of additional information about237

the reanalyses performance that is easily communicable and238

reproducible, shaping the path for further investigations into239

the reasons behind these differences.240

Discussion241

The overall results suggest that P + E holds promise to over-242

come the scale limitations of P − E and complement global243

water cycle research within the framework proposed. Most244

significantly, including P + E revealed additional information245

about the intensification characteristics in four reanalyses (Fig-246

ure 2). Whilst some features were common for all or most247

reanalyses, like changes in P − E being much smaller than in248

P+E, we observed various individual distinctions. Although it249

is not the scope of this study to investigate the reasons behind250

the discrepancies among reanalyses, looking into them offers a251

handy demonstration of what can be learned by utilizing this252

metric to assess water cycle intensification. 253

Out of the four reanalyses, ERA5 was found to represent 254

better the intensification dynamics between 1951-1980 and 255

1981-2010. At the same time, ERA5 has the most pronounced 256

changes for P − E, showcasing improvements in its terrestrial 257

water storage computations (13). However, ERA5 has has 258

the steepest acceleration of P + E and is the only reanalysis 259

above the P = E isoline for the entirety of its record, which 260

could be an artifact attributed to precipitation overestimations 261

identified across different regions (14). To the opposite end, 262

NCEP/NCAR R1 shows a decline in atmospheric water fluxes 263

over time with a slight decrease in atmospheric water storage. 264

Forbye, the 30-year average trajectory exhibits an acute u-turn 265

between the mid-1960s and the late 1970s. Before and after 266

this trajectory inversion, the behavior is similar to ERA-20C 267

with little to no variability along a P − E isoline. 268

In addition, the simple superimposition of annual mean 269

global temperature and annual total global P + E indicated 270

Table 2. Comparison of P + E vs. T and P vs. T linear relationships, where P is precipitation, E is evaporation, T is temperature, and RSE
is Residual Standard Error.

P + E P

Reanalysis Record slope [%/◦C] RSE slope [%/◦C] RSE
20CR v3 1836 - 2015 3.2 ± 0.1 0.43 3.1 ± 0.2 0.59
ERA-20C 1900 - 2010 3.3 ± 0.2 0.51 3.3 ± 0.2 0.50
ERA5 1950 - now 4.9 ± 0.3 1.04 3.8 ± 0.3 0.99
NCEP/NCAR R1 1948 - now 2.8 ± 0.9 2.0 4 ± 1 2.2
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an apparent decoupling of P + E and temperature before the271

late 1970s for the NCEP/NCAR R1 reanalysis (Figure 1H). A272

possible explanation for this abnormal behavior could be traced273

back to remote sensing data assimilation. Inconsistencies in its274

atmospheric data pre-1979 have previously been reported and275

associated with the lack of satellite observations before 1979,276

e.g., in the Southern Hemisphere (15). Further evidence of277

early record inconsistencies on NCEP/NCAR R1 arises when278

reckoning the year-to-year correlation, removing long-term279

trend biases, as its R-squared value doubled for P +E (Table280

2). Another point of interest from Figure 1 is the pinpointed281

decoupling of P +E and temperature visible around the 1960s,282

which coincides with a shift in the direction of global terrestrial283

near-surface wind speed changes (increasing trend before 1967284

and decreasing after that (16)).285

Using solely P + E comes with its own limitations and286

could mask the true dynamics of global water cycle change.287

The reciprocal complementarity of P + E and P − E is bet-288

ter perceived on the long-record reanalyses. The overview289

clearly shows that the 20CR v3 portrays a warmer and wetter290

Earth relative to the rest of the reanalyses. This is consistent291

with biases in the vertical structure of mass and circulation292

determined throughout the atmosphere (17). Having said293

that, the magnitude of changes in P + E are consistent with294

those of ERA-20C. The most recent increase is higher than295

the preceding ones and suggests that the global water cycle296

intensification signal has further strengthened in the last three297

decades (18). The above would suggest that changes in the298

global water cycle are similarly represented on both data sets.299

In sooth, P − E changes in the 20CR v3 oscillate substan-300

tially following both acceleration and deceleration patterns,301

whereas ERA-20C shows little to no variability and steadily302

moves along a P −E isoline. Reportedly, there are only subtle303

differences in the data assimilated and the data assimilation304

schemes between these two reanalyses (19), yet we can see305

contrasting behaviors exposed within the framework proposed306

herein.307

Our findings, including the good agreement with the range308

of hydrological sensitivity, advocate for the definitions of P+E309

to be physically sound. It is important, nonetheless, to note310

that such an agreement is not a two-way relationship. As seen311

in our examination, the fact that all the reanalyses have similar312

hydrological sensitivities does not necessarily mean that they313

express a similar rate of water cycle intensification. Assuming314

so could be misleading, whereas we can get more insight and315

avoid these pitfalls by decomposing the change into P − E316

and P + E (i.e., into water storage and fluxes). It could be317

argued that introducing a new metric for intensification into318

the current broad spectrum of metrics may lead to inconsistent319

hydroclimatology studies terminology, such as that recently320

reported for wetter and drier (20). Nevertheless, P +E is not321

just an index because it is physically grounded and, as such,322

is better suited to describe climate models and reanalyses323

(21). Furthermore, by physically defining P + E from a water324

cycle mass balance and kinematics outlook, we bridge the gap325

between the terms of global water cycle “intensification” and326

“acceleration”.327

The above applications highlight the potential of P + E328

to complement water cycle research at the global scale. The329

proposed framework could advance our understanding of water330

cycle intensification and improve climate modeling. We have331

already revealed some discrepancies between the reanalysis 332

data sets. Further analyses using observational data sets could 333

determine if the strong coupling between P + E and tempera- 334

ture is not an artifact of the reanalysis process. Still to achieve 335

this, the observational limitations at global scale, especially 336

in evaporation, need to be overcome (22). Additionally, it 337

is intriguing to see how the total water transfer between the 338

land-ocean continuum and atmosphere appears in Earth Sys- 339

tem Models and whether it can be also applied as a metric for 340

the model performance. Future research into global spatial 341

patterns of P + E could also shed more light on how they 342

relate to regional changes and hydroclimatic extremes such as 343

droughts. To this extent, quantifying the surface-atmosphere 344

water exchange in the form of P + E can enhance our insight 345

into past, present, and future hydroclimatic variability. 346

Materials and Methods 347

348

We examined different statistical metrics commonly used in time-
series analyses to benchmark the complementary metric P + E
against the traditional P − E. For superimposing the temperature
to P+E and P−E time series (Figure 1) we matched the maximum
and minimum values and then multiplied it by the ratio of their
differences. I.e.,

y′ =
(

(T −min(T )) ∗
max(P ± E) −min(P ± E)

max(T ) −min(T )

)
+min(P±E)

As thermodynamics dictates, we expect a linear relationship between 349

atmospheric water fluxes and temperature. This correspondence 350

was quantified via the square of the Pearson correlation coefficient 351

and its statistical significance via the p-value. The same metrics 352

were computed again for the annual differences of each time series. 353

To this extent, we can characterize the long-term and the year-to- 354

year association between atmospheric water fluxes and temperature. 355

While the correlation coefficient describes the presence or absence 356

of a linear relationship, it does not quantify the rate of change 357

of one variable relative to the other. Henceforth, we used linear 358

regression to estimate the corresponding slopes and describe the rate 359

of change at which atmospheric water fluxes respond to changes in 360

temperature. To compare the slopes between data sets on a one-to- 361

one basis, we estimated atmospheric water fluxes and temperature 362

in terms of global anomalies with respect to the 1981-2010 period. 363

We relied on the residual standard error to assess the goodness- 364

of-fit of the slopes, i.e., how well these slopes represent the linear 365

relationship between our variables. 366

The above examination highlighted the differences between the 367

metric proposed herein P + E and the widely used P − E. How- 368

ever, this comparison was not in pursuit of presenting P + E as a 369

replacement but as a complement to achieve a more comprehensive 370

framework. Including precipitation, evaporation, their difference, 371

and their sum provides a synthesized visual of the overall response 372

of the water cycle to global warming similar to that described by 373

Huntington et al. (8). The global water cycle regimes in this frame- 374

work would be described by their precipitation and evaporation 375

coordinates, and vectors represent changes between two periods 376

(Figure 3). Precipitation and evaporation may increase, decrease, or 377

remain constant. From equation [2], changes in atmospheric water 378

storage (P − E) shown as blue contours are planes that increase 379

from the bottom right (wetter) to the top left corner (drier). It is 380

important to note that Huntington et al. (8) focused on soil water 381

storage, as such the directions for drier and wetter are reversed 382

therein. From equation [3], water cycle intensity (P +E) is a plane 383

shown as green contours that increases from the bottom left (cooler) 384

to the top right (warmer). P − E is negative to the right of the 385

identity diagonal, zero along this line, and positive to the left of 386

the line. At the global scale, negative values describe an increase 387

in atmospheric water storage (wetter), positive values describe an 388

increase in land-ocean water storage (drier), and zero describes 389

steady-state equilibrium. P +E increases describe shifts from cooler 390

regimes into warmer ones. 391
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Fig. 3. Vector representation of global water cycle response to global warming, where
P is precipitation, and E is evaporation. Contours of equal P − E are shown as
blue dashed lines. Contours of equal P + E are shown as green dashed lines.

Data. We selected four reanalysis data products based on the avail-392

ability of precipitation, evaporation, and temperature for a given393

data set (Table 3). These are the Twentieth Century Reanalysis394

(20CR) v3 (23), European Centre for Medium-Range Weather Fore-395

casts (ECMWF) Reanalyses ERA-20C (19) and ERA5 (24), and396

the National Centers for Environmental Prediction & the National397

Center for Atmospheric Research NCEP/NCAR Reanalysis 1 (25).398

The 20CR v3 estimates assimilate only surface observations of syn-399

optic pressure into NOAA’s Global Forecast System throughout the400

19th and 20th centuries. ERA-20C is ECMWF’s first atmospheric401

reanalysis of the 20th century, reaching 2010. It assimilates obser-402

vations of surface pressure and surface marine winds only. ERA5403

has replaced the ERA-Interim reanalysis, which stopped on 31 Au-404

gust 2019, and covers 1950-present. It combines vast amounts of405

historical observations into global estimates using advanced model-406

ing and data assimilation systems. The NCEP/NCAR R1 project407

uses a state-of-the-art analysis/forecast system to perform data408

assimilation using past data from 1948 to the present. All of the409

above data sets are available for download at KNMI Climate Ex-410

plorer (climexp.knmi.nl), as well as on the dedicated websites of411

their providers. Through the KNMI Climate Explorer we generated412

annual values for total atmospheric water fluxes and global mean413

temperature.414

Data Availability. The data generated herein and the R scripts415

for the figures presented in the study are publicly available at416

github.com/MiRoVaGo/P_plus_E417
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