
1. Introduction
Snow drought is a period of unusually low snowpack for the time of year (Harpold et al., 2017). Heatwave occurs in 
a period of prolonged abnormally high surface temperatures relative to those normally expected (Robinson, 2001). 
Previous studies have investigated snow droughts and heatwaves individually (Chen & Zhai,  2017; Dierauer 
et al., 2019; Huning & AghaKouchak, 2020; Perkins-Kirkpatrick & Lewis, 2020). Nevertheless, little effort has 
been made to investigate the consecutive occurrence of snow drought and heatwave, namely compound snow 
drought and heatwave (CSDHW).

There is a close connection between snow drought and heatwave. For instance, snow is featured with high albedo 
and high latent heat that could influence the energy partition processes on the land surface and thus the climate 
system (Déry & Brown, 2007; Matsumura & Yamazaki, 2012). Snow is also known as a natural water reservoir, 
which is a crucial recharge source of soil moisture (SM) in spring (Barnett et al., 2005; Qi et al., 2020). The 
characteristics of snow cover are closely related to heatwave, which is associated with high temperature and 
regulated by local-scale conditions (e.g., SM conditions) in the lower atmosphere (Jaeger & Seneviratne, 2011; 
Stegehuis et al., 2021). In the context of declining snow cover (Déry & Brown, 2007), it is possible that heatwave 
is associated with preceding snow drought, potentially leading to an emerging compound hazard. Moreover, 
growing evidence shows that the vanishing snow contributes to the occurrence of heatwave. Many studies have 
demonstrated that the heatwaves across northern mid-latitudes are closely linked to the reduction in snow cover 
(Francis & Vavrus, 2012; Tang et al., 2014; Zhang et al., 2020). A recent example is the unseasonable heatwave 

Abstract The compound of late winter snow droughts and early spring heatwaves (compound snow 
drought and heatwave (CSDHW)) could dramatically affect ecosystems and water availability, but has not 
been systematically investigated. Here we present a comprehensive assessment of CSDHW events and 
possible driving mechanisms. We find that 7% of the snow-covered area experiences significant (p < 0.05) 
CSDHW events, and an average of 35% of snow droughts are followed by heatwaves during 1981–2020. The 
spatial extent of CSDHW is asymmetrically enlarging, with a significant increase in Eurasia and a relatively 
high fluctuation in North America. Specifically, the warm-type CSDHW (i.e., snow drought with normal or 
above-average precipitation followed by heatwave) occurs more frequently, with spatial coverage increasing 
faster than the dry-type CSDHW (i.e., snow drought with below-average precipitation followed by heatwave). 
In comparison, dry snow drought is more likely to be followed by heatwave due to intensified soil drought and 
atmospheric aridity.

Plain Language Summary Snow drought and heatwave events have adverse impacts on society 
and ecosystems, and have drawn much attention in the past decades. However, the consecutive occurrence of 
the two extreme events remains poorly understood. This study presents a global assessment of compound snow 
drought and heatwave (CSDHW) events for the period from 1981 to 2020. We find that more than one third 
(35%) of snow droughts are followed by heatwaves. The spatial extent of CSDHW is expanding globally, with a 
significant increase in Eurasia and a relatively high fluctuation in North America. Despite the higher frequency 
and expanding trend of the warm-type CSDHW (i.e., snow drought with normal or above-average precipitation 
followed by heatwave) than the dry-type CSDHW (i.e., snow drought with below-average precipitation 
followed by heatwave), dry snow drought is more likely to be followed by heatwaves, which can be attributed to 
intensifying soil drought and atmospheric aridity after dry snow drought.
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in California in February 2022, which occurred after a prolonged period without measurable precipitation during 
winter (The Guardian, 2022).

Given that snow drought and heatwave can damage ecological (Christensen et al., 2013; Trujillo et al., 2012), 
agricultural (Malek et al., 2020), and social systems (Kovats & Hajat, 2008; Wlostowski et al., 2022), the sequen-
tial occurrence of the two extreme events is expected to amplify the risk for natural and human systems (Raymond 
et  al.,  2020). For example, the western U.S. has been witnessing a reduction in snowfall and an increase in 
cascading disasters in recent years (Marshall et al., 2019; Mote et al., 2018; Nexus Media, 2018). The dwindling 
snowpack has not only put California's water supply at risk but also has triggered increasing wildfires due to 
the resulting dry conditions and hot weather (Gleason et al., 2019). In addition, the loose soil after wildfires, 
combined with intense rainfall, may initiate mudslides during a rainy season (Oakley et al., 2017). Another exam-
ple is the 2010 droughts in the southern Volga District of Russia and northern Kazakhstan, where precipitation 
was less than 30% of normal from April to July. The drought contributes to the following heatwaves in Russia in 
July and August, slashing crop production, sparking thousands of wildfires, and resulting in as many as 15,000 
deaths (LeComte, 2011).

Despite the widely recognized connections between snow reduction and heatwave as well as their severe impacts, 
few studies have focused on the consecutive snow drought and heatwave events (i.e., CSDHW). A holistic picture 
of global hotspots and evolutionary processes of CSDHW events is lacking. Furthermore, little is known about 
potential interrelationships between snow drought and heatwave characteristics. Physical mechanisms causing the 
occurrence of CSDHW events also remain unclear.

To address the above-mentioned issues, we perform an in-depth analysis of spatiotemporal variation in CSDHW 
events and possible mechanisms that trigger heatwaves after snow droughts over the snow-covered area. This 
study will shed light on the understanding of emerging CSDHW hazards and their dynamic evolution over a 
40 year period from 1981 to 2020.

2. Data and Methods
2.1. Data

The enhanced global data set for the land component of the fifth generation of European ReAnalysis (ERA5-Land) 
was used in this study. We used monthly snow water equivalent (SWE) and precipitation (P) to calculate the 
nonparametric standardized index for SWE (SWEI) and precipitation (SPI), and then to identify snow drought 
events. Daily maximum 2  m temperature (Tmax), aggregated from the 1  hourly Tmax, was adopted to identify 
heatwaves. Monthly SM and vapor pressure deficit (VPD) were also used to investigate the connections between 
snow drought and heatwave. VPD was calculated from monthly air temperature and dewpoint temperature (Yuan 
et al., 2019). All datasets covered a 40 year period from 1981 to 2020 and were gridded to 0.25° spatial resolution 
using the bilinear interpolation method. Additionally, the Moderate Resolution Imaging Spectroradiometer/Terra 
(MODIS/Terra) Monthly Snow Cover data set (MOD10C1) spanning from March 2003 to September 2021 (Hall 
& Riggs, 2015), together with the monthly SWE from ERA5-Land, were used to mask the snow-covered area 
and the first snow-free month. Reference regions of the Fifth Assessment Report of the United Nations Intergov-
ernmental Panel on Climate Change AR5 (IPCC AR5) were used to look into details in sub-regions (Christensen 
et al., 2013).

2.2. Identification of Snow-Covered Area and Extreme Events

The processes of determining the global snow-covered area followed the study of Huning and AghaKouchak (2020). 
We calculated the 3 month average snow cover (SC) climatologies using the MODIS/Terra data and then applied 
a 5% SC threshold to extract the initial snow-covered area. Then the snow-covered area was further refined with 
the ERA5-Land data by considering the land grid boxes where at least 75% of a given month for all years was 
covered by snow (with non-zero SWE value). The snow-covered area can be seen in Figure S6 of Supporting 
Information S1.

In this study, the CSDHW event refers to the snow drought in the last snow-covered month followed by heatwaves 
occurring in the first snow-free month during a year. The first snow-free month is defined as the month when 
SC climatology is below 5% for the first time based on the MODIS/Terra snow cover data, before which is the 
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last snow-covered month (Huning & AghaKouchak, 2020; Smith et al., 2017; Toure et al., 2018). As illustrated 
in Figure S6 of Supporting Information S1, grid boxes do not necessarily have the same first snow-free month.

Snow drought is identified based on the SWEI at the 3 month scale, which is analogous to the calculation of 
3 month SPI (Huning & AghaKouchak, 2020). When the SWEI of the last snow-covered month is less than or 
equal to −0.5, it is identified as a snow drought (Table S1 in Supporting Information S1). Based on previous 
studies (Dierauer et al., 2019; Harpold et al., 2017; Mote et al., 2016), we further classified snow drought as 
dry and warm. Dry snow drought is featured with below-normal precipitation, which is identified when the 
SPI is less than or equal to −0.5 in this study. Warm snow drought has above- or near-normal precipitation and 
usually results from warm temperatures that cause precipitation falling as rain or unusual snowmelt or both. In 
this study, warm snow drought is identified if the SPI is greater than −0.5. We emphasize that the precipitation 
deficit is not the only factor that induces dry snow drought based on our classification. Less precipitation is 
generally accompanied with higher temperature which may also contribute to the occurrence of dry snow drought 
(Dierauer et al., 2019). Our classification method of snow drought reflects the meteorological characteristics of 
snow droughts. Accordingly, the CSDHW with a dry or warm snow drought is termed the dry-type CSDHW or 
warm-type CSDHW.

For each grid cell, heatwave is identified based on the anomaly in daily Tmax using the calendar-day 90th percen-
tile (T90). T90 is determined using a 15 day moving window for the period of 1981–2020. When the anomaly is 
positive for at least three consecutive days, it is identified as a heatwave. Note that heatwaves that only occur 
during the first snow-free month are considered.

Event coincidence analysis is widely used to quantify simultaneous or lagged coincidences of two series of 
extreme events (Donges et al., 2016; He & Sheffield, 2020; You & Wang, 2021). In this study, we calculated 
the probability of CSDHW events (i.e., the fraction of snow droughts followed by heatwaves) and examined the 
significance based on the null hypothesis that CSDHW is randomly distributed as a result of Poisson processes 
(Donges et  al.,  2016; Siegmund et  al.,  2017). The significance test can be seen in Figure S7 of Supporting 
Information S1.

3. Results
3.1. Hotspots of CSDHW

Figure 1a shows the spatial distribution of the probability of occurrence of CSDHW events, which represents the 
fraction of snow droughts followed by heatwaves from 1981 to 2020. Approximately 7% of the snow-covered 
area has experienced statistically significant (p < 0.05) CSDHW events and 16% of the snow-covered area has a 
coincidence rate greater than 50%. On average, 35% of all snow droughts detected in the last snow-covered month 
are followed by a heatwave event occurring in the first snow-free month.

The CSDHW events are more likely to occur in the arid and transitional regions (AI  >  0.9, see Text S1 in 
Supporting Information S1), and those regions include the inner East Asia (North China & Mongolia), West 
Siberian, Central Asia, East Europe, and Western North America. The CSDHW events can also be found in some 
humid areas, such as eastern Canada (Figure 1b). The high frequency of CSDHW in the arid and transitional 
regions are consistent with the spatial pattern of snow-atmosphere coupling after snowmelt because of the hydro-
logical effect of snow cover (Xu & Dirmeyer, 2011). This implies that snow drought could be memorized in the 
SM states and compounded with the subsequent heatwaves through land-atmosphere coupling. In addition, the 
high frequency of CSDHW can be related to atmospheric circulations (Henderson et al., 2018; Tang et al., 2014). 
For example, the shrinking Eurasian snowpack contributes to enhancing the blocking events by weakening the 
poleward temperature gradient, and affecting the jet stream and transient eddy activities at mid latitudes, which 
favors the heatwaves in Europe (Zhang et al., 2020).

3.2. Spatiotemporal Variation of CSDHW

We divided the snow-covered area into 15 sub-regions to investigate the fractions and trends of spatial cover-
age of dry- and warm-type CSDHW events from 1981 to 2020 (Figure 2). Globally, the warm-type CSDHW 
occurs more often than the dry-type CSDHW (56% vs. 44%), particularly in high-latitude regions of the Northern 
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Hemisphere (NEU, CEU, MED, NAS, ENA, ALA and CGI). Southern regions (EAS, TIB, CAS, WAS, ENA, 
CNA, WNA, SAU, and WSA) generally show comparably fractions of dry- and warm-type CSDHW events.

In terms of the changes in CSDHW events (Figures 2b–2q), the global CSDHW coverage fraction is significantly 
(p < 0.05) increasing at a rate of 2.77%/decade during 1981–2020. All regions across Eurasia (CEU, MED, NAS, 
EAS, TIB, CAS and WAS) except NEU have a significant (p < 0.05) increasing trend in the CSDHW coverage. 
In particular, NEU, CEU and MED in Europe show a significant increase in the warm-type CSDHW coverage 
but no trend in the dry-type CSDHW. North America and Southern Hemisphere (CGI, ALA, WNA, CNA, ENA, 
and WSA) show no significant trends in the CSDHW coverage, except the significant increasing trend of the 
warm-type CSDHW coverage in SAU. However, the fluctuations of CSDHW coverage in North America are 
generally higher (e.g., ALA, CNA, and ENA) than those in Eurasia. The warm-type CSDHW generally increase 
faster than the dry-type CSDHW in most regions, thereby resulting in a global average rate of 1.62%/decade for 
the warm-type CSDHW in comparison with 1.14%/decade for the dry-type CSDHW.

3.3. Comparison of Heatwave Characteristics Between Dry-Type and Warm-Type CSDHW

We first investigated the heatwave probability (HWP) under different types of snow drought, which represents the 
fraction of dry or warm snow droughts followed by heatwaves. We find that dry snow drought is more likely to be 
followed by heatwaves (Figures 3a, 3c, and 3e). And approximately 23% of the snow-covered area experiences a 
HWP greater than 50% for the period of 1981–2020. For the warm snow drought, however, the proportion falls to 
12%. On average, the HWP of dry snow drought is 39% around the globe, about 6% higher than the HWP of warm 
snow drought (Figure 3e). Moreover, 11 out of the 15 reference regions (NEU, CEU, NAS, EAS, TIB, CAS, 
WSA, ENA, Central North America, WNA, CGI) have a significantly larger HWP under dry snow drought than 
warm snow drought. The other 4 regions (MED, SAU, WAS, and ALA) show no significant difference in HWP 
between the dry and warm snow droughts (Figure 3e). However, dry snow drought has a higher upper quartile 
than warm snow drought.

Figure 1. Probability (a) of occurrence of compound snow drought and heatwave (CSDHW) events and Arid Index map (b) 
showing arid, transitional, and humid regions across the world. Statistically significant grid boxes at 95% confidence level are 
dotted on maps.
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We further examined the heatwave severity (HWS, characterized by the sum of temperature anomaly above T90 
for all heatwave events) of the dry- and warm-type CSDHW. Dry snow drought tends to be followed by severer 
heatwave than warm snow drought with highly spatial heterogeneity (Figures  3b, 3d, and  3f). For dry snow 
drought, approximately 15% of the snow-covered area exhibits the HWS greater than 20°C, which is 3% higher 
than that of warm snow drought. Globally, the HWS of dry snow drought is 0.9°C higher than that of warm snow 
drought (Figure 3f). Furthermore, there is a higher HWS of dry snow drought in seven out of 15 reference regions 
(NEU, CEU, NAS, EAS, CAS, ENA, CGI) compared with the HWS of warm snow drought (Figure 3f), with the 
most significant differences detected in CEU, NAS, and CGI. Three reference regions (MED, CNA, and ALA) 
have a higher HWS of warm snow drought than dry snow drought, and the other regions of SAU, TIB, WAS, 
WSA, and WNA show no statistically significant difference.

3.4. Possible Mechanisms That Trigger Heatwaves After Snow Droughts

To investigate the possible connections between snow drought and the following heatwave, we evaluated the 
atmospheric and land surface conditions using SM and VPD anomalies (Figure 4). SM can reflect soil drought 
conditions, and the SM depletion is vital in amplifying temperature through land-atmosphere coupling processes 
(Dirmeyer et al., 2021; Hirsch et al., 2019; Seneviratne et al., 2010; Stegehuis et al., 2021). VPD measures the 
atmospheric aridity, and high VPD is often accompanied with high temperature (Horton et  al.,  2016; Lansu 
et al., 2020). We first compared the SM and VPD anomalies of the first snow-free month in the snow drought 
grid boxes with those in all grid boxes (Figures 4a–4d). When dry snow drought occurs, SM (VPD) generally 

Figure 2. The fractions (a) and spatial coverage trends (b–q) of compound snow drought and heatwave (CSDHW) events across the world during 1981–2020. The 
red and blue stack areas represent the dry- and warm-type CSDHW events, respectively, the sum of which represents all CSDHW events. The linear annual trends in 
dry-type, warm-type, and all CSDHW events are represented in dashed, dotted and solid lines, respectively. The number on the left indicates the estimated linear slope 
based on the least-squares method, and the asterisk denotes the statistically significant trend (p < 0.05) based on the Mann-Kendall test. GLB, Globe; NEU, North 
Europe; CEU, Central Europe; MED, South Europe/Mediterranean; NAS, North Asia; EAS, East Asia; SAU, South Australia/New Zealand; TIB, Tibetan Plateau; 
CAS, Central Asia; WAS, West Asia; WSA, West Coast South America; ENA, East North America; CNA, Central North America; WNA, West North America; ALA, 
Alaska/N.W. Canada; CGI, Canada/Greenland/Iceland.
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decreases (increases) and the SM (VPD) are significantly lower (higher) than those of all grid boxes (Figures 4a 
and 4c). The warm snow drought has less and sometimes adverse effects on soil drought and atmospheric aridity 
(Figures 4b and 4d), which may result from the offset by near-normal or above-normal precipitation. Such effects 
of dry and warm snow droughts on SM and VPD can be seen in all sub-regions, especially in Asia and North 
America (Figures S8 and S9 in Supporting Information S1).

We further examined the correlations between HWS and SM/VPD anomalies (Figures 4e and 4f, S10, and S11 
in Supporting Information S1). Heatwave severity has a significant positive correlation with VPD anomaly and 
a significant negative correlation with SM anomaly globally. And the correlations become stronger under dry 

Figure 3. Heatwave probability (HWP, left column) and heatwave severity (HWS, right column) in dry- and warm-type compound snow drought and heatwave: 
HWP distribution under the type of dry (a) and warm (c) snow droughts; HWS distribution under the type of dry (b) and warm (d) snow droughts; HWP (e) and HWS 
(f) statistics under dry (red) and warm (blue) snow droughts. Statistically significant grid boxes at 95% confidence level are dotted on maps (a and c). The limits of 
statistics (e and f) represent the upper and lower quartiles and the circles represent the mean values. Statistics labeled with different letters (“A” and “B”) indicate a 
significant difference, and letter “B” represents a greater mean value than letter “A.” Two statistics that are both labeled with “A” have no obvious difference.
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snow drought conditions than those under warm snow drought conditions (Figures 4e and 4f). The correlation 
varies regionally across the globe (Figures S10 and S11 in Supporting Information S1). The regions of Asia (e.g., 
NAS, EAS, TIB, and CAS) usually have a significant correlation with both VPD and SM anomalies. The regions 
of North America including ENA, CNA, ALA and CGI, however, only show a significant correlation with VPD 
anomaly. Our findings indicate a possible mechanism that snow drought could exacerbate soil drought and atmos-
pheric aridity and thus promote the successive heatwave, especially when dry snow drought occurs.

4. Discussion and Concluding Remarks
Snow drought and heatwave have been receiving increasing attention in recent years, but they are usually treated 
individually. This study provides a comprehensive assessment of CSDHW (snow drought followed by heatwave) 
events on a global scale. Through coincidence detection and attribution analysis in 15 reference regions and eight 
regional hotspots (Text S2 in Supporting Information S1), we show the probability of occurrence, spatiotemporal 

Figure 4. Soil moisture (SM) anomaly (a and b) and vapor pressure deficit (VPD) anomaly (c and d) as well as their correlations with heatwave severity (e and f) in 
the first snow-free month under dry (left column) and warm (right column) snow drought conditions. Asterisks in a–d denote that the SM (VPD) of snow-drought grid 
boxes is significant (p < 0.05) lower (higher) than those of all grid boxes based on the two-sample t-test. Asterisks in e and f represent that the correlation is statistically 
significant (p < 0.05). Linear trends have been removed from all the variables.



Geophysical Research Letters

LI AND WANG

10.1029/2022GL099925

8 of 10

changes, and possible mechanisms of CSDHW for the period of 1981–2020. We find an average of 35% of all 
snow droughts followed by heatwaves. An expansion of the coverage of CSDHW is detected globally, with a 
significant increase in Eurasia and a relatively high fluctuation in North America. Furthermore, the warm-type 
CSDHW occurs more frequently than the dry-type CSDHW, with a greater increasing trend in coverage fraction. 
Our findings reveal that dry snow drought is more likely to be followed by heatwave because it tends to promote 
the successive heatwave associated with the intensified soil drought and atmospheric aridity.

In this study, we used the state-of-the-art ERA5-Land data set, which is featured with flexible spatial and tempo-
ral resolution (Muñoz-Sabater et  al.,  2021) and good performance in identifying extreme temperature events 
(Sheridan et  al.,  2020). More importantly, the SWE of ERA5-Land agrees better with station observations 
compared with other datasets (Shao et al., 2022), making it an ideal data set to characterize snow droughts. To 
further demonstrate the robustness of our results, we compared the CSDHW events detected based on ERA5-Land 
with those by chance (You & Wang, 2021). We randomly resampled the time series of snow droughts and heat-
waves 1,000 times. The mean probability of occurrence of CSDHW events of the 1,000 realizations was calcu-
lated and then compared with the detected results. We find that the detected probability of CSDHW events is 
significantly different (p < 0.05) from those of random coincidences (58% detected vs. 32% random mean, see 
Figure S12 in Supporting Information S1), indicating that the detected CSDHW events are not pure coincidence.

We show that late winter snow drought contributes to soil drought and atmospheric aridity in early spring 
(Figures 4a–4d), which plays an important role in the occurrence of the following heatwave after snow drought 
(Figures 4e and 4f). Abnormally low snowpack during a snow drought is expected to decrease the albedo and 
increase the net solar radiation of land surface, which directly contributes to elevating air temperature (Dutra 
et  al.,  2011; Xu & Dirmeyer,  2011) and thus increasing the frequency of extreme hot events (Diffenbaugh 
et al., 2005). Lower SM induced by less snowmelt would be conducive to warming the atmosphere by reduced  evap-
orative cooling and increased sensible heating of the surface (Teuling, 2018), which could potentially promote 
heatwave occurrence (Santanello et al., 2018; Seneviratne et al., 2010) and even prolong the extreme heat because 
of SM memory (Lorenz et al., 2010). This causal link between SM and heatwaves has been widely identified by 
observational and simulation studies (Dirmeyer et al., 2021; Hirsch et al., 2019; Stegehuis et al., 2021; Wehrli 
et  al.,  2019). Comparatively high temperature along with atmospheric moisture deficit of dry snow drought 
increases the evaporative demand of atmosphere (represented by VPD in this study), which in turn amplifies the 
warming (Chiang et al., 2018; Mukherjee & Mishra, 2021) and favors hot days by depleting SM and closing plant 
stomata (Lansu et al., 2020; Stegehuis et al., 2021). It should be noted that large-scale atmospheric circulations, 
such as blocking highs, atmospheric stagnation, planetary wave, and subtropical highs, are also responsible for 
the occurrence of land-based heatwaves (Zhang et al., 2021). These anomalies of atmospheric circulation could 
result from the internal variability of atmospheric circulation as well as the ocean conditions via teleconnec-
tions (Wehrli et al., 2019). Besides, snow drought does not necessarily lead to significant changes in SM and 
VPD of the first snow-free month in some regions and years (Figures S8 and S9 in Supporting Information S1). 
Antecedent land surface and atmospheric conditions (e.g., SM and VPD of the last snow-covered month) also 
play an important role in exacerbating the subsequent heatwaves by increasing the likelihood and persistence of 
exceptionally high temperatures (Fischer et al., 2007; Hauser et al., 2016; Hirsch et al., 2019; Lorenz et al., 2010). 
Our attribution analysis associated with soil drought and atmospheric aridity provide insights into the underlying 
mechanisms from a general perspective of land–atmosphere feedbacks on a global scale.

This study indicates a more frequent sequential occurrence of snow drought and heatwave under a warming 
climate. Our findings provide scientific evidence and guideline for adaptation to the multiplying risk of the 
sequential occurrence of snow drought and heatwave. The possible mechanisms provide implications for better 
understanding and forewarning the emerging compound hazard. Nevertheless, more attribution analyses are 
needed to further improve the process understanding and risk mitigation of CSDHW events in the future.

Data Availability Statement
Data in this study are accessible at: (a) ERA5-Land: https://cds.climate.copernicus.eu/cdsapp#!/dataset/reanal-
ysis-era5-land-monthly-means?tab=overview; (b) the MODIS Snow Cover: https://nsidc.org/data/MOD10CM/
versions/6; (c) Reference regions of IPCC AR5: https://www.ipcc-data.org/guidelines/pages/ar5_regions.html; 

https://cds.climate.copernicus.eu/cdsapp#!/dataset/reanalysis-era5-land-monthly-means?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/reanalysis-era5-land-monthly-means?tab=overview
https://nsidc.org/data/MOD10CM/versions/6
https://nsidc.org/data/MOD10CM/versions/6
https://www.ipcc-data.org/guidelines/pages/ar5_regions.html
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(d) Climatic Research Unit Time-Series version 4.05 (CRU TS4.05): https://catalogue.ceda.ac.uk/uuid/c26a650
20a5e4b80b20018f148556681.
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