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This paper belongs to our Special Issue “Application of Climate Data in Hydrologic
Models”. Here, we represent an example of the importance of climate data in terms of
global surface temperature. This paper investigates the changes of 20-year (2000–2019)
mean surface temperature (ST), wind speed (WS), and albedo (AL) data from the Global
Land Data Assimilation System (GLDAS) over the globe with respect to those in 1961–1990.
Moreover, we assess if the alterations in ST are affected by the changes in WS and AL. We
also discuss the main reasons for the variations observed in ST, WS, and AL on global and
hemispheric scales.

Our planet is within ~1 ◦C of its highest surface temperature in the past million
years [1]. The most important indicator of global warming and climate change is the global
mean surface temperature (GMST) [2]. Figure 1a shows the time series of monthly GMST
anomalies from the Hadly Center/Climate Research Unit (HadCRUT) [2,3]. The mean of
monthly GMST anomalies in 2000–2019 is 0.54 ◦C higher than that in 1961–1990 (Figure 1a)
(see also [1,4]). The standard deviation (SD) of the decadal variation of GMST anomalies
is reduced by 0.05 ◦C in 2000–2019 compared to 1850–1899 (Figure 1a). This is due to
the climate sensitivity to oscillation indices, particularly El Niño/Southern Oscillation
(ENSO) [5]. Indeed, there were more ENSO events in 1850–1900 than in 2000–2020, which
affected the GMST anomalies. For example, the high positive GMST anomaly in 1878
(shown by the black circle) is caused by the late 1870s El Niño (Figure 1a) [1].

Figure 1b shows the variation of Global Land Data Assimilation System (GLDAS)
ST data (∆ST) from 1961–1990 to 2000–2019 over the globe. The results show the GMST
increase of 0.66 ◦C from 1961–1990 to 2000–2019. Analogously, Hansen et al. [1] reported
the GMST growth of ~0.2 ◦C per decade during the last three decades. As indicated
in Figure 1b, in general, the Northern Hemisphere (NH) has a higher variation of ST
(∆ST) than the Southern Hemisphere (SH) [4]. The averages of ∆ST in the NH and SH
are 1.27 ◦C and −0.18 ◦C, respectively. Increasing greenhouse gas (GHG) emissions and
variations of the North Atlantic Oscillation (NAO) are the main causes of increasing ST
across the globe and particularly in the NH [1,6]. Effective policies must focus on using
clean energies to reduce the GHG emissions. Such policies can facilitate achieving the 2015
Paris COP21 Agreement to maintain the GMST below 1.5–2 ◦C above pre-industrial levels.
The decreasing ST in the SH is associated with the variations of the SH Annular Mode
(SAM) and intensification of the South Pacific Anticyclone [7,8]. Fogt and Marshall [7]
showed that adiabatic cooling over the Antarctica due to the variations of SAM aids in
decreasing ST in the SH.

Figure 1c indicates the boxplot of GMST anomalies in each season. The horizontal line
within the box indicates the median. The upper and lower edges of the box represent the
75% and 25% percentiles, respectively. The upper and lower ends of the whiskers show the
maximum and minimum values, respectively. Outliers are observations beyond the end of
the whiskers. As shown, the variation of the GMST anomaly during December–February
(DJF) is more than that of other seasons. Vose et al. [9] also observed the highest upward
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decadal trend of ST in the NH (particularly high latitudes) in DJF when the minimum ST
often occurs. In addition, the global minimum ST has increased approximately twice as fast
as the global maximum ST since 1950 [9]. Hence, a larger variation in the GMST anomaly
is seen in DJF (Figure 1c).

Comparison of Figure 1b,d illustrates a larger variation of ST during DJF in both
hemispheres. During DJF, the mean of ∆ST in the NH is 1.8 ◦C (Figure 1d). However,
in some parts of Eastern Russia, it can reach up to 20 ◦C (Figure 1d). Hansen et al. [1]
concluded that the global warming of more than ~1 ◦C could lead to a dangerous climate
change and impacts the sea water level.

From 1961–1990 to 2000–2019, the GLDAS ST (WS) increased (decreased) in the
northwest of North America (Alaska) and northeast of Asia (Russia) (Figure 1b,e). Both
ST and WS increased in Canada (except in the western part), most regions of Australia
and North Africa. In most regions of Africa and South America, WS enhanced, but ST
reduced. Figure 1f shows the changes in the ST-WS correlation (∆ρST−WS) from 1961–1990
to 2000–2019. High positive or negative values of ∆ρST−WS (>1 or <−1) in Southern Africa,
North Greenland, Western America, Eastern Russia, and Central and Eastern Asia denote
the changes of vegetation cover [10].

As can be seen in Figure 1e, winds slow down in most of the coastal regions as well as
in Central and Eastern of Asia due to an increase in the surface roughness. These findings
are consistent with those of Vautard et al. [10] who reported the highest downward trend
of WS in Central and Eastern Asia from 1979 to 2008 due to the land-use change and/or
biomass increase. They demonstrated that increasing the Normalized Difference Vegetation
Index (NDVI) in Eurasia could explain 25–60% of the NH atmospheric stilling.

The increase of AL plays an important role in future climate change [11]. Ghimire et al. [12]
reported an increase of about 1% in the global albedo due to the land cover change during
1700–2005. That caused the global atmospheric radiation to vary by almost 0.15 W/m2.
Figure 1g represents changes in the GLDAS AL from 1961–1999 to 2000–2019 over the globe.
On average, AL increases by 3.19% in the NH. AL varies with changes in cloud fractional
coverage, aerosol amount, and land cover type [13]. If the variation of AL is caused by
changes in aerosols and land cover type, ST reduces by rising AL [13]. In the NH, AL
increased from 1961–1999 to 2000–2019 (Figure 1g), while ST did not decrease (Figure 1b).
Therefore, the increase of AL is indicative of climatologically significant cloud-induced
variations in the Earth’s radiation budget, which is in line with the GMST growth in recent
decades [11]. Another reason of AL growth may be the intensified wildfires in the NH
boreal forests (due to droughts), especially in Canada and Alaska (see also [14,15]). In this
region, the ST increase (Figure 1b,d) along with the precipitation reduction led to drought,
which enhanced the wildfire severity [14].

Through changing ST, NDVI, AL and evapotranspiration, wildfire is the dominant
driver of water, energy, and carbon cycles as well as vegetation dynamics in the North
American boreal region [15,16]. The aforementioned region has the highest increase of AL
that can reach up to 36% (Figure 1g). Likewise, Jin et al. [16] indicated that the increased
severity of wildfires in the North American boreal forests during 2000–2009 enhanced AL
by ~60%. Potter et al. [15] showed that climate change counteracts the cooling impact of
postfire AL growth in the NH boreal forests. This justifies the increase of ST despite rising
AL in the NH (Figure 1b,g).

Figure 1h compares the changes of ST, WS, and AL from 1961–1990 to 2000–2009 in the
NH and SH. Both ST and AL increased in 86% of the NH and 9% of SH regions. Increase of
ST in most regions on the NH leads to drought events, which intensify wildfires, ultimately
rising AL. In addition, variations of ST are consistent with those of WS (i.e., both increase
or decrease) in 53% and 51% of the areas of NH and SH, respectively. This happens because
WS can affect ST through modifying evapotranspiration [17,18].

Regional studies are necessary to improve our understanding of the variations in ST,
WS, and AL [4]. Some important regions for further investigations are the High Mountains
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of Asia, which demonstrate extreme values of ∆ST (Figure 1b), ∆WS (Figure 1e), and ∆AL
(Figure 1g) (see also [10,19]).
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Figure 1. (a); Time series of monthly and decadal GMST anomalies. The 1850–1899 and 2000–2019 periods are shown by
pink colors to compare the variations before the 20th century and after the 21st century, (b); variation of the GMST, (c);
boxplots of the GMST anomalies. The horizontal line within the box indicates the median (50% percentile). The upper
and lower edges of the box represent the 75% and 25% percentile, respectively. The upper and lower ends of the whiskers
represent the maximum and minimum values. Outliers are observations beyond the end of the whiskers, (d); variation of
the GMST in DJF, (e); variation of WS, (f); variation of the correlation between the GMST and WS, (g); variation of AL, (h);
Hemispheric variation of the GMST, AL and WS. (a,c) are plotted based on the HadCRUT-version 4.6 product [20]. (b,d–h)
are drawn based on the GLDAS (1◦ × 1◦ spatial resolution and monthly temporal resolution) dataset [21].
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