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Abstract

The hydrosphere is the sum of all water on Earth and the water cycle that distributes it around the planet. Earth is unique
in the solar system for its abundant surface waters. The hydrosphere comprises the combined mass of water that occurs on
or near Earth’s surface. It includes oceans, lakes, rivers, and streams. Because it covers about 71 percent of Earth’s surface
area, the hydrosphere plays a vital role in sustaining communities of water-inhabiting plants and animals. Many researchers
stated that the human contributions to greenhouse gases in the atmosphere are warming the earth's surface a process that
is projected to increase the evaporation of surface water and accelerate the hydrologic cycle. In turn, a warmer atmosphere
can hold more water vapor. When the water body of the earth evaporates, the surroundings become cooled, as it condenses,
water releases energy and warms its surroundings, it hydrates life on the planet and plays a role in the transfer of energy from
terrestrial to aquatic systems. Therefore, according to the review, different authors from many countries analyzed that the
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main source of future global change is the warming of the hydrosphere.

Abbreviations: PDSI: Palmer DroughtSeverity Index; EPA:
Enquete Permanente Sur Les Avalanches; NOAA: National
Oceanic and Atmospheric Administration; CMIP5: Coupled
Model Inter-Comparison Project Phase 5; GCMs: Global
Circulation Models; SAT: Annual Surface Air Temperature;
AMOC: The Atlantic Meridional Overturning Circulation;
TSI: Total Solar Irradiance; NIPCC: Nongovernmental
International Panel on Climate Change’s.

Introduction

The processes and characteristics of the hydrosphere
change through time in response to the internal dynamics of
the climate system i.e. the chaotic dynamics of oceanographic
and meteorological processes. In addition to this internal,
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natural variation, aspects of the hydrosphere also change in
response to external climate change forcing, some of which
are natural (e.g, changed solar insolation) and some of
human origin (e.g., greenhouse gas forcing). This distinction
between natural and anthropogenic forcing, which applies
to all aspects of Earth’s climate system, is easy to draw in
principle, but in practice, it has proved difficult to establish
any specific changes documented in the hydrosphere over
the past century have their origins in human activity. Near
Earth’s surface, precipitation of water out of the atmosphere
occurs mostly in the forms of rain and snow. Hail contributes
locally when conditions of strong, upward motion and
freezing at lower levels of the atmosphere occur within
passing thunderstorms and result in the formation of ice
balls and lumps. The Northern and Southern Hemisphere
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monsoons are also precipitation-related phenomena,
representing periods of particularly intense rainfall driven
by strong, seasonal, wind-induced movements of moisture-
laden air off the ocean and onto an adjacent landmass. At
the same time, the patterns of evaporation that recycle
water back to the atmosphere are heavily dependent upon
both atmospheric and ocean temperature, which themselves
vary in dynamic ways. Evaporation and precipitation are
key processes that help determine the occurrence of rare
meteorological events such as storm bursts, cyclones, and
deluges that feed catastrophic (from the human perspective)
flooding; alternatively, the absence of precipitation can lead
to equally catastrophic dryings and droughts. In its 2007
report, the Intergovernmental Panel on Climate Change
paid much attention to the possibility human greenhouse-
induced warming would lead to an increase in either or both
the number and severity of extreme meteorological events
[1]. Subsequently, however, an IPCC expert working group
has determined [2]. The earlier conclusions of update the
Nongovernmental International Panel on Climate Change’s
(NIPCC) summary of the scientific literature on global
warming as it might affect the hydrosphere [3]. The analysis
is presented in two parts, the first focusing on precipitation,
monsoons, snow, and other hydrospheric phenomena,
and the second on sea-level change, ocean heat, and ocean
circulation.

Human contributions to greenhouse gases in the
atmosphere are warming the earth’s surface - a process
that is projected to increase evaporation of surface water
and accelerate the hydrologic cycle. In turn, a warmer
atmosphere can hold more water vapor. Some evidence
suggests global warming is already responsible for more
extreme precipitation events. Precipitation in a warming
world is also projected to lead to departures from current
timing and patterns of rainfall distribution. In recent
years, with the significant global climate warming, the ice
is melting, the global sea level is rising, and changes in the
pattern of precipitation are bringing intense rainfall and
floods to some areas and devastating droughts to others.
Extreme high temperatures (>30°C) occurred in the Arctic in
2018. Satellite remote sensing and associated airborne and
in-situ measurements have been crucial for advancing our
understanding of the dynamics and impacts of changes in the
hydrosphere. With these in mind, the main aim of this review
was to report works done with a wide-ranging overview of
the impact of the hydrosphere on climate change.

Methodology

This review paper was taken from different works of
literature, books, websites, and scientific journals which are
related to the impact of the hydrosphere on climate change.
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Hydrosphere and Climate Change

Ecological Response of Ocean to Climate Change

Earth’s climate is not controlled solely by the atmosphere but
also to a large degree by the heat stored in the ocean, which
has a 3,300 times greater heat capacity than the atmosphere.
With an average global circulation time of roughly 1,000
years, compared with one year for the atmosphere, changes
in the release or uptake of ocean heat operate over the
longer multidecadal, centennial, and millennial time scales
associated with climate change, as opposed to weather
variability. The exchange of ocean heat via currents and
wind-enhanced ocean-atmosphere interactions drives
weather at all scales of both space and time. In particular,
repetitive weather patterns occur over the ocean itself and
exercise far-reaching influence on adjacent landmasses. For
example, the wet, warm winds that blow from the ocean to the
continental interior in the Pacific Northwest of USA (Chinook
wind, in original usage) can raise winter temperature from
-20°C to more than +10°C and melt 30 cm or more of snow
in a single day. Monsoon systems are another case in point,
where seasonal differential heating of a landmass and its
nearby ocean cause a reversal of winds from offshore to
onshore at the start of the monsoon, often causing torrential
rainfall deep into the continental interior. Despite its critical
importance for climatic studies, we have a poor record of
ocean heat observations, and it is only since the inception
in 2004 of the Argo global network of more than 3,000
ocean profiling probes that we have an adequate estimate of
ocean temperatures and heat budget Though Argo data are
in their infancy and subject to adjustment for errors, early
indications are that the oceans are currently cooling [4].

Shaviv NJ, et al. [5] explored some of the key issues
relating to change in ocean heat as a driver of climate change,
particularly in response to solar variations. He writes,
“climatic variations synchronized with solar variations do
exist, whether over the solar cycle or over longer time-scales,”
citing numerous references. Nonetheless, many scientists
decline to accept the logical derivative of this fact: Solar
variations are driving climate changes. They say measured
or reconstructed variations in total solar irradiance (TSI)
seem too small to be capable of producing observed climate
change. That concern can be addressed in two ways. The first
is to observe that aspects of Earth-sun energy interrelations
other than TSI are known to play a role, and perhaps a
significant role, in climate change.

e Variations in the intensity of the Sun’s magnetic fields
on cycles that include the Schwabe (11 years), Hale (22
years), and Gleissberg (70-90- year) periodicities.

e The effect of the sun’s plasma and electromagnetic fields
on rates of Earth rotation, and therefore the length of
day (LOD).
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e The effect of the sun’s gravitational field through the
18.6year-long Lunar Nodal Cycle, which causes variations
in atmospheric pressure, temperature, rainfall, sea level,
and ocean temperature, especially at high latitudes.

e The known links between solar activity and monsoonal
activity, or the phases of climate oscillations such as
the Atlantic Multidecadal Oscillation, a 60-year-long
cycle during which sea surface temperature varies
~0.2°C above and below the long-term average, with
concomitant effects on Northern Hemisphere air
temperature, rainfall and drought.

e Magnetic fields associated with solar flares, which
modulate galactic cosmic ray input into Earth’s
atmosphere and in turn may cause variations in the
nucleation of low-level clouds at up to a few km high [6,7].
This causes cooling, a 1 percent variation in low cloud
cover producing a similar change in forcing (~4 W/m?2)
as the estimated increase caused by human greenhouse
gases. This possible mechanism is controversial and
is being tested in current experiments devised at the
European Organization for Nuclear Research (CERN).
Butirrespective of the results of these experimental tests
and the precise causal mechanism, Neff U, et al. [8] Ney
EP, et al. [9] has provided evidence from paleoclimate
records for a link between varying cosmic radiation and
climate. Using samples from a speleothem from a cave
in Oman, Middle East, they found a close correlation
between radio-carbon production rates (driven by
incoming cosmic radiation, which is solar modulated)
and rainfall (as reflected in the geochemical signature of
oxygen isotopes).

e The 1,500year-long Bond Cycle is probably also of solar
origin, and another climate rhythm of similar length,
the Dansgaard-Oeschger (D-O) cycle, occurs especially
in North Atlantic glacial sediments deposited about
90,000-15,000 years ago.

A second way of resolving the too-weak-TSI dilemma
would be the discovery of an amplification mechanism of
the weak solar radiation signal. Shaviv NJ, et al. [5] makes
a good case for the existence of such an amplifier. Shaviv
NJ, et al. [5] used the oceans as a calorimeter with which to
measure the radiative forcing variations associated with the
solar cycle. He studied “three independent records: the net
heat flux into the oceans over 5 decades, the sea-level change
rate based on tide gauge records over the 20th century, and
the sea surface temperature variations, each of which can be
used independently to derive the oceanic heat flux.” Shaviv
discovered large variations in oceanic heat contentassociated
with the 11-year solar cycle. In addition, the datasets
“consistently show that the oceans absorb and emit an order
of magnitude more heat than could be expected from just
the variations in the total solar irradiance.” This implies the
existence of an amplification mechanism, although without
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pointing precisely to what that might be.

Ocean Circulation

The Cenozoic Palaeo-Ocean: The high specific heat of
seawater makes ocean circulation the dominant mechanism
for redistributing thermal energy within Earth’s climate
system. Zachos ], et al. [10] Summarized the evolution of
the global climate over the Cenozoic (last 65 million years)
based on data obtained by the DSDP and ODP ocean drilling
programs. Significant shifts in climate have been associated
with major changes in ocean circulation. Major conclusions
that can be drawn about ocean history from the supporting
references cited in Zachos ], et al. [10] include the following:

e During the Eocene, the average temperature of the deep
ocean declined by more than 7°C from ~12° C during the
Eocene climatic optimum to ~4.5°C at the start of the
Oligocene. This decline was associated with an increase
in marine productivity, which had fallen after widespread
benthic extinctions during the late Paleocene and early
Eocene.

e The start of the Oligocene was associated with the
opening of the Tasmania-Antarctica Passage between
Australia and the Antarctic continents. This was
associated with a reduction in the tropical linkages
between the Pacific and Indian Oceans (strictly, their
equivalents) north of Australia.

e During the Oligocene, the Drake Passage between South
America and Antarctic continents opened, allowing
water to circulate Antarctica and linking all the ocean
basins. The change in ocean circulation due to the
opening of the two passages was associated with the
formation of an Antarctic ice cap and a further drop in
deep ocean temperatures.

e The late Oligocene was marked by warming before
temperatures fell during the Miocene.

e Atthe start of the Pliocene the Panama Seaway between
the North and South America continents closed,
removing the tropical linkage between the Pacific and
Atlantic Oceans. The tropical through flow between
the Pacific and Indian Oceans also was becoming
more restricted. This resulted in the establishment of
“modern” ocean circulation and is marked by the onset
of Northern Hemisphere glaciation.

e The Pliocene and Pleistocene are characterized by
glacial/interglacial climatic swings, suggesting the
“modern” ocean circulation system makes Earth more
sensitive to Milankovitch orbital cycles.

Modern Ocean Circulation: In simple terms, atmospheric

and oceanic circulation systems transport excess heat from

the tropics to higher latitudes-from the Equator towards
the Poles. However, ocean circulation is constrained by the
configurations of ocean basins and the linkages between
them. As discussed in the previous section, major changes
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in the basin linkages in the past have been associated with
significant climatic shifts [10]. The current climate is, in part,
a product of the modern system of ocean circulation. There
are two main components of circulation: a surface system
driven primarily by wind stress exerted by the atmosphere,
and a subsurface system driven primarily by density
differences associated with variations in temperature and
salinity (thermohaline circulation). These two systems are
linked by regions where water sinks (downwelling) and
rises (upwelling) to provide a complete circulation system
that eventually mixes the oceans (overturning). A popular
simplification of the combined global overturning circulation
isknown as the Great Ocean Conveyor Belt, which emphasizes
the down welling of water in the North Atlantic to drive
the thermohaline circulation and the overall transport of
water back into the North Atlantic by the surface circulation
driving upwelling in the Indian and Pacific Oceans Broecker
WS, et al. [11,12] used this concept to argue global warming
could trigger abrupt climate change by slowing or stopping
the down welling of water in the North Atlantic. However, are
unrealistic: the surface heat transport in the North Pacific is
in the wrong direction, and the Indonesian through-flow is
exaggerated. Schmitz W], et al. [13] presented a different
version of the Great Ocean Con- veyor Belt summarizing the
known circulation components and their volume transport
rates. Although the ocean basins are linked by circulation
around the Antarctic and some through-flow through the
Arctic and the Indonesian Archipelago, it is evident there is
also significant overturning circulation within each ocean
basin. Schmitz W], et al. [13] refers to this basinal circulation
as consisting of the meridional overturning.

Atlantic Meridional Overturning Circulation: The Atlantic
Meridional Overturning Circulation (AMOC) consists of a
near-surface, warm northward flow in the Atlantic Ocean
compensated by+ a colder southward return flow at depth
[14]. A key feature is the transfer of heat to the atmosphere
at high latitudes in the North Atlantic, which makes the
northward-flowing surface waters saltier and cooler
(denser), causing them to sink to considerable depths.
Circulation cells.

Srokosz M, et al. [14] Provide a schematic illustration of
the main flows of AMOC. Similar to the Great Ocean Conveyor
Belt, this schematic oversimplifies the components of the
circulation cell originally presented by Schmitz W], et al.
[13], summarizes the major components of the circulation
contributing to AMOC. The deeper thermohaline circulation
is also driven by water sinking around Antarctica, which
means the strength of the circulation is not solely a function
of the formation of dense water in the North Atlantic. There
is multiple flow paths at different depths, meaning there
are many different lags associated with the circulation of
water masses within the system. Baehr |, et al. [15] Used
modeling to assess how quickly changes in the North
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Atlantic meridional overturning circulation (MOC) might
flow through into consequential climate change. Simulated
observations were projected onto a time-independent spatial
pattern of natural variability. This variability was derived by
regressing the zonal density gradient along 26°N against the
strength of the MOC at 26°N, within a model-based control
climate simulation. The resultant pattern was compared
against observed anomalies found between the 1957 and
2004 hydrographic occupations of this latitudinal section.

The modeling revealed Atlantic MOC changes could
be detected with 95% reliability after about 30 years,
manifest by changes in zonal density gradients obtained
from a recently deployed monitoring array. In terms of
potential past changes, Baehr ], et al. [16] found “for the five
hydrographic occupations of the 26°Ntransect, none of the
analyzed depth ranges shows a significant trend between
1957 and 2004, implying that there was no MOC trend over
the past 50 years.” This finding demonstrates the mild late-
twentieth-century warming that so alarms the IPCC has not
resulted in any observable change in the North Atlantic MOC.
In turn, this suggests the North Atlantic MOC is not nearly
as sensitive to global warming as many climate models
suggest. In a second paper addressing North Atlantic deep
water formation and circulation, Vage K, et al. [17] write, “in
response to global warming, most climate models predict a
decline in the Meridional Overturning Circulation, often due
to a reduction of Labrador Sea Water,” noting “since the mid-
1990s, convection in the Labrador Sea has been shallow-
and at times nearly absent.” Vage K, et al. [17] paper uses
Argo data, supplemented by satellite and reanalysis data,
to document a return of deep convection to the subpolar
gyre in both the Labrador and Irminger seas in the winter
of 2007- 2008. Winter mixing was observed to depths of
1,800 m in the Labrador Sea, 1,000 m in the Irminger Sea,
and 1,600 m south of Greenland, whereas base-period
(the winters of 2001-2006) mixing depths were less than
1,000m. By analyzing heat flux components, Vage K, et
al. [17]. Determined the main cause of the enhanced heat
flux and deep mixing was unusually cold air temperatures
during the 2007-2008 winters. Moreover, the cooling was
not merely a local phenomenon; the global temperature
dropped 0.45°C between the winters of 2006-2007 and
2007-2008 [14]. Provide a review of available research on
AMOC and associated climatic variations. They highlight how
poorly understood the system is; the lack of key time-series
data, particularly for the deeper components of AMOC; and
the poor predictive abilities of computer models. From the
available data, they demonstrate the recent behavior of AMOC
has been surprising and unexplainable. They conclude AMOC
plays a major role in climate changes, there is an urgent need
for better observational data, and the behavior and potential
predictability of the system needs further study Figure 1.
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Figure 1: Ocean circulation.

Shut-down of Arctic Ocean’s Thermohaline Circulation:
To assess whether enhanced freshwater delivery to the Arctic
Ocean by increased river flow could shut down the ocean’s
thermohaline circulation, Peterson B], et al. [18] plotted
annual values of the combined discharge of the six largest
Eurasian Arctic rivers-Yenisey, Lena, Ob’, Pechora, Kolyma,
and Severnaya Dvina, which drain about two-thirds of the
Eurasian Arctic landmass-against the globe’s mean annual
surface air temperature (SAT). They determined a simple
linear regression trend through the data and concluded
the combined discharge of the six rivers rises by about 212
km3/year in response to a 1°C increase in mean global air
temperature. For the high-end global warming predicted by
the Intergovernmental Panel on Climate Change (IPCC) to
occur by AD 2100-i.e., a temperature increase of 5.8°C-they
projected the warming-induced increase in freshwater
discharge from the six rivers could rise by as much as 1,260
km3/year (we calculate 5.8°C x 212 km3/year/°C = 1230
km3/year), a 70 percent increase over the mean discharge
rate of the past several years. It has been hypothesized that
the delivery of such a large addition of freshwater to the
North Atlantic Ocean may slow or even stop that location’s
production of new deep water, which constitutes one of the
driving forces of the thermohaline circulation, the great
oceanic “conveyor belt.” Although still discussed, this scenario
is not as highly regarded today as it was when Peterson, et
al. conducted their research, for several reasons. For one, it
is difficult to accept the tremendous extrapolation Peterson
BJ, et al. [18] make in extending their Arctic freshwater
discharge vs. SAT relationship to the great length implied
by the IPCC’s predicted high-end warming of 5.8°Cover the
remainder of the current century. According to Peterson, et
al,, “throughout the discharge record, global SAT increased
by 0.4°C” It is implausible to extend the relationship they
derived for that small temperature increase fully 14-and-
a-half times further, to 5.8°C. Consider also the Eurasian
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river discharge anomaly vs. global SAT plot of Peterson et
al which we have re-plotted in enclosing their data with
simple straight-line upper and lower bounds, it can be seen
the upper bound of the data does not change over the entire
range of global SAT variability, suggesting the upper bound
corresponds to a maximum Eurasian river discharge rate
that cannot be exceeded in the real world under its current
geographic and climatic configuration. The lower bound, by
contrast, rises so rapidly with increasing global SAT that the
two bounds intersect less than two-tenths of a degree above
the warmest of Peterson et al’s 63 data points, suggesting
0.2°C beyond the temperature of their warmest data point
may be as far as any relationship derived from their data may
be validly extrapolated.

Sea-level Change

Sea-level rise is one of the most feared impacts of any
future global warming [17]. But public discussion of the
problem is beset by poor data, misleading analysis, and an
overreliance on computer model projections, leading to
unnecessary alarm. A proper understanding of the risks
associated with sea-level change can be attained only by
maintaining a clear distinction between changes in global
sea level (often also called eustatic sea level) and changes
in local relative sea level. Sea-level changes are measured
relative to a defined reference level, or datum. This datum
is difficult to define over regional and global scales because
Earth’s surface is not static; it deforms at different rates and
scales in different places. At any one time, the sum of such
dynamics controls the volume of the global ocean basin
and, therefore, for a fixed volume of seawater, dictates the
average sea level worldwide. At the same time, and because
both the dynamic Earth surface and the volume of seawater
change through time, in combination; they also control the
multiplicity of local rates of sea-level change we observe.
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The possibility of large and damaging sea-level rises caused
by human-related global warming features prominently in
presentations by those who call for urgent action to “stop”
global warming, such as former U.S. Vice President. Past
sea-level positions are measured or inferred from geological
evidence. Factual observations regarding modern sea level
and its change are traditionally made using tide gauges.
Since the early 1990s, the modern sea level also has been
measurable independently by radar-ranging from satellites.
When data from these sources are analyzed, rates of sea-
level change, either rises or falls, are found to vary through
time and space (geography), and often quite dramatically
over geological time scales.

Ecological Responses of Lakes to Climate Change

Lakes around the world are warming at a rapid rate, as
documented recently in a survey of 235 lakes O’Reilly CM,
et al. [19]; Sharma S, et al. [20] showed an increase in the
mean surface temperature by 0.34°C per decade between
1985 and 2009. Less is known about the warming that has
occurred in water deeper under the lake surface, where a
larger percentage of organisms occur. In this special issue,
[21] quantified changes in water column temperatures
and thermal stratification in 231 lakes in North America
over the period 1975 to 2012. The dataset included lakes
varying in their mixing regime, size, trophic state, and
geomorphology. On average, the lakes displayed an increase
in water temperature near the surface, as also observed
by O'Reilly CM, et al. [19] in a global lake assessment and
most lakes displayed an increase in the strength of thermal
stratification. On average, surface waters warmed 1.7 times
faster than corresponding air temperatures at the lakes.
Lakes with high water transparency (Secchi disk depth >5m)
had greater warming of surface waters and greater increases
in stratification than lakes with lower transparency.
Polymictic lakes displayed the greatest increase in warming
throughout their water columns. The mean change in deep
water temperature, the major new focus of this study, was
not significantly different from zero. Approximately half of
the lakes warmed and half cooled during the period of record.
Likewise, a study of 20 Danish lakes revealed warming in
the surface water of ca. 2°C per year and a simultaneous
cooling of deep water by ca. 1°C over the period 1989 to
2006 [22]. Certain characteristics were linked to how lakes
in North America changed over time. Distance of the lakes to
the coastline was the most important explanatory variable;
that is, coastal lakes cooled and inland lakes warmed in their
deeper waters. Elevation, shading by vegetation, duration of
ice cover, the input of ground water, and other factors may
have contributed to the trend in deep water temperature
changes observed. Two particularly important findings of
this study were that lakes are an important sentinel of global
warming due to their more rapid temperature increase than
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the overlying atmosphere [23]; and that there is considerable
variability in lake response to climate change [24], implying
that intensive studies of just prominent lakes will not suffice
to understand how lakes, in general, will change in future
decades. In addition to long-term synoptic assessment, an
approach that is likely to become important to projecting
the future of lake thermal properties in a warming world is
coupled modeling. In this special issue, used a model that can
simulate hydrological and thermal responses of water bodies
to warming [25], and coupled it with output from the Coupled
Model Inter-Comparison Project Phase 5 (CMIP5) Global
Circulation Models (GCMs). They evaluated the projected
effects of three future climate scenarios on the Fourche River,
Quebec, Canada. The hydrologic model predicted that under
these three scenarios, of global warming by 1.0, 1.8, and
3.7°C by 2100, the river will experience an increase in water
temperature between 0.2 and 0.7°C in June and between 0.2
and 1.1°C in September. It is noteworthy that the Fourchue
River is a coastal ecosystem and, as such, warming by a lesser
amount than occurs in the atmosphere is consistent with
the findings of the first paper in this issue by Richardson
DC, et al. [21]. The model predictions have ecological and
management implications for the river system. This river is
a critical habitat for brook trout (Salvelinus fontinalis) and
the predicted increases in temperature could be favorable
to growth. However, the model results also indicated that
there will be several days in the summer when temperatures
exceed the upper incipient lethal temperature for this
species and that might require releases of cold water from
the reservoir into the river to prevent fish mortality.

Rivers and Stream Flow

Model projections suggest CO2-induced global warming
mayinducelarge changesinglobal streamflow characteristics,
which has led many authors and the IPCC to claim to warm
will lead to the intensification of the hydrological cycle and
the occurrence of more floods [26-28]. Accordingly, many
scientists have examined stream flow, or proxy stream
flow records to elucidate these claimed relationships. On
the assumption that global runoff represents an integrated
response to continental hydrological dynamics, some
authors invert the reasoning and use changes in hydrology as
an indicator of global warming [29,30]. These matters relate
to forecasts of precipitation variability, floods, and droughts,
issues also addressed in this chapter. In a pivotal study of this
relationship that formed part of the World Climate Program
supported by UNESCO and the WMO, [31] analyzed long-
term and high-quality data on stream flow to determine
whether floods have increased worldwide, as predicted
by climate models. They concluded, “the analysis of 195
long time series of annual maximum flows, stemming from
the GRDC holdings does not support the hypothesis of the
general growth of flood flows. Observations to date provide
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no conclusive and general proof as to how climate change
affects flood behavior. There is a discontinuity between
some observations made so far. Increases in flood maxima
are not evident whilst model-based projections show a
clear increase in intense precipitation.” Milliman ]D, et al.
[30] examined discharge trends over the second half of the
twentieth century for 137 rivers whose combined drainage
basins represent about 55 percent of the world land area.
They found “between 1951 and 2000 cumulative discharge
for the 137 rivers remained statistically unchanged,” as did
global on-land precipitation over the same period and also
estimated global runoff for the period 1993-2009, using two
methods both of which were derived by coupling modeled
land-atmosphere and ocean-atmosphere water budgets with
independent datasets to estimate water storage variations in
several water budget compartments. The datasets included
atmospheric reanalyzes, land surface models, satellite
altimetry, and direct ocean temperature measurements. The
results of both sets of calculations of global runoff correlate
well for the full period 1993-2006. The researchers found
“no significant trend ... over the whole period” for either
method of calculation. They conclude, “An intensification of
the global water cycle due to global warming is not obvious
over the last two decades.”

Dam Storage and Groundwater Depletion

Two human on-land development practices can have
a material effect on sea level: the building of dams and
reservoirs, which withhold water that would otherwise have
flowed to the ocean; and the extraction of groundwater, which,
after use, contributes water to the ocean that otherwise
would have remained stored on the continent. The net
freshwater run-off is thereby altered, with the first practice
acting to lower sea level and the second practice helping to

Open Access Journal of Agricultural Research

raise it. Though they act in opposite directions and are small
in the natural scheme of things, these effects are not entirely
negligible recently summarized the situation concerning
groundwater removal by compiling the first comprehensive
aquifer-based estimate of changes in groundwater storage
using direct volumetric accounting [32-37]. Konikow then
compared the groundwater depletion results he obtained
with sea-level rise observations. Konikow established
groundwater depletion over the period 1900-2008 was about
4,500 km3, equivalent to a global sea-level rise of 12.6mm,
or just over 6 percent of the total observed rise. Perhaps
not surprisingly, the rate of groundwater depletion has
increased markedly since about 1950, with maximum rates
occurring during the most recent period (2000- 2008), when
extraction averaged ~145 km3/year. The average rate of sea-
level rise over the twentieth century was 1.8 £ 0.5 mm/year;
Konikow’s work suggests on average 0.12 mm/year of this
rise may have resulted from additional groundwater runoff.

Hydrological Cycle

The hydrological cycle describes the continuous
circulation of water between the ocean, atmosphere, and
land. Water is transferred through physical processes like
evapotranspiration, precipitation, infiltration, and river
runoff. This circle from one reservoir to another involves
energy exchange in terms of heat transfer, solar radiation,
and gravitational potential energy. During these processes,
water can change its aggregation state (liquid, vapor, or ice)
at various times. Hydrological processes encompass a variety
of spatial and temporal scales. At the river catchment scale,
the hydrological cycle comprises precipitation as major
input, various transfer processes, different storages, and
outputs. They are referred to by hydrologists as components
of the water balance [38].

Figure.2: Hydrological cycle
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Precipitation: All forms of precipitation are dynamic,
occurring or not occurring in response to changing
atmospheric conditions (especially heat and water vapor)
on a minute-by-minute, hourly, daily, weekly, or seasonal
basis. Regarding the potential effect of global warming on
these patterns, Huntington TG, et al. [27] has noted there is
“a theoretical expectation that climate warming will result
in increases in evaporation and precipitation, leading to the
hypothesis that one of the major consequences will be an
intensification (or acceleration) of the water cycle [39-41].
In reviewing the scientific literature on recent patterns of
precipitation, Huntington concluded on a globally averaged
basis, precipitation over land had indeed increased by
about 2 percent over the period 1900-1998. In keeping
with this result, model predictions of CO2-induced global
warming often suggest warming should be accompanied
by increases in rainfall [42]. For example, state, after the
Arctic Climate Impact Assessment (2005) [43], “warming
is predicted to enhance atmospheric moisture storage
resulting in increased net precipitation.” Rahmstorf S, et al.
[44] noted “both theoretical arguments and models suggest
that net high-latitude precipitation increases in proportion
to increases in mean hemispheric temperature” citing [45].
Similarly, Kunkel (2003) says “several studies have argued
that increasing greenhouse gas concentrations will increase
heavy precipitation [46-48]" To date, global circulation
models (GCMs) have failed to accurately reproduce observed
patterns and totals of precipitation [49]. Analyzed the
changes in tropical Australian climate projected by 19
CMIP3 coupled models for the IPCC’'s A2 scenario over the
twenty-first century. While equatorial regions to the north
of Australia are projected to have increased precipitation
during austral summer (December to February) by the end
of the twenty-first century, there is no significant change
over northern Australia itself, based on the model ensemble
mean. There is a large spread in model simulations of
precipitation change, with both large positive and negative
anomalies. The ensemble means a change in the seasonal
cycle of precipitation over tropical Australia is nonetheless
small, with precipitation increasing during March and April,
suggesting a prolonged Australian wet season. No model
consensus exists on how inter annual variability of tropical
Australian precipitation will change in the future, although
more models simulate increased variability than decreased.
Correlations between full wet season (October to April)
precipitation and austral spring (September to November)
NINO 3.4 sea surface temperature anomalies show a slight
weakening. The spread in projected precipitation seasonal
cycle changes between simulations from the same model is
larger than the inter-model range, indicating large internal or
natural variability in tropical Australian precipitation relative
to the climate change signal. Zonal wind changes indicate
an intensification of austral summer low-level westerlies
combined with a weakening of upper easterlies. Low-level
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westerlies also persist for longer periods, consistent with a
delay in the monsoon retreat. All models simulate an increase
in the land-ocean temperature contrast in austral summer,
with a significant correlation between changes in land-ocean
temperature contrast in the pre-monsoon (austral spring)
and summer precipitation changes. Analysis of precipitation
changes using regime-sorting techniques shows offsetting
tendencies from thermodynamic changes associated with
enhanced atmospheric moisture and dynamic changes
associated with a weakened atmospheric circulation. We are
thus confronted with a dilemma: Although the theoretical
expectation, supported by modeling, is that global warming
should result in enhanced atmospheric moisture, empirical
results often show otherwise. Many scientists are now
examining historical precipitation records to determine
how temperature changes of the past have affected Earth’s
hydrologic cycle.

Evaporation: Evaporation is the primary source of
atmospheric water vapor, a powerful greenhouse gas, and
so is of particular interest to climate scientists [26]. Notes
direct measurements of evaporation (pan evaporation)
show a reduction in evaporation over the twentieth century,
whereas indirect estimates suggest an increase [50]. Linked
a reduction in pan evaporation rates to a reduction in
insolation (solar dimming) at ground level due to increasing
cloud cover and atmospheric aerosols. Subsequently, [51]
calculated a reduction of 4.8 W/m2 for Australia as driving
the observed reduction in pan evaporation. The Australian
results are extended to the global behavior by Roderick
ML, et al. [52], where a global reduction in pan evaporation
is attributed to a combination of wind stilling and solar
dimming. The authors also observe the interpretation of pan
evaporation depends on whether the observations are from
water-limited or energy-limited sites. For energy-limited
sites, evaporation occurs at the maximum rate possible for
the radiative flux present, and declining pan evaporation also
indicates declining evapotranspiration. For water-limited
sites, evaporation is restricted by the available water, and
evapotranspiration depends on the supply of precipitation.
Therefore, Roderick ML, et al. [52] Argue evapotranspiration
can rise while pan evaporation decreases if the supply of
precipitation increases sufficiently. This implies dry areas
are getting wetter. Recognizing the importance of near-
surface wind speed for evaporation, Roderick ML, et al. [52]
noted the “occurrence of widespread declining trends of
wind speed measured by terrestrial anemometers at many
mid-latitude sites over the last 30-50 years,” citing papers by
Mcvicar TR, et al. [53]; Jiang Y, et al. [54]; Beniston M, et al.
[55]. Such a change, now widely termed “stilling,” will be a
key factor in reducing the atmospheric demand that drives
actual evapotranspiration when water availability is not
limited, as in the case of lakes and rivers. In addition, Mcvicar
TR, et al. [53] note near-surface wind speed (u) nearly
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always increases as land-surface elevation (z) increases (as
demonstrated by Jiang Y, et al. [54]. Increasing wind speeds,
they point out, lead to increases in atmospheric evaporative
demand, and decreasing wind speeds do the opposite. These
changes are significant for people who depend on water
resources derived from mountainous headwater catchments:
More than half the world’s population lives in catchments
with rivers originating in mountainous regions [56], and
this water supports about 25 percent of the global gross
domestic product. Defining uz as a change in wind speed
with elevation change-that is, uz = Au/Az, where Au = u2-
ul, Az = z2-z1, and z2 > z1-McVicar et al. calculated monthly
averages of uz, using 1960-2010 monthly average u data
from low-set (10-meter) anemometers maintained by the
Chinese Bureau of Meteorology at 82 sites in central China,
and by MeteoSwiss at 37 sites in Switzerland. They suggest
their research constitutes “the first time that long-term
trends in uz in mountainous regions have been calculated,”
and their uz trend results show u to have declined more
rapidly at higher than at lower elevations in both study areas.
The double benefit of a decline in wind speed at many mid-
latitude sites and a further decline in wind speed at higher
elevations should act to reduce water loss via evaporation
from high-altitude catchments in many of the world’s
mountainous regions, thus providing more water for people
who obtain it from those sources. As Mcvicar TR, et al. [53]
note, the “reductions in wind speed will serve to reduce rates
of actual evapotranspiration partially compensating for
increases in actual evapotranspiration due to increasing air
temperatures.”

Some papers in the literature [57], and also the
published IPCC fourth and draft fifth Assessment Reports,
confuse the causal physics of the relationship between
temperature and evapotranspiration by assuming increasing
temperature causes drought. In reality, when incoming
radiation falls on a moist surface this energy is partitioned
into evapotranspiration (latent heat) and heating of the
near-surface/atmosphere (sensible heat). During drought,
where moisture is limited, less of the incoming energy can
be used for latent heat (i.e., reduced evapotranspiration) and
consequently more sensible heat occurs. The consequence is
that air temperatures raise as evapotranspiration is reduced
[58].

Snowfall Avalanches

On March 20, 2000, a British newspaper reported
“Snowfalls are just a thing of the past” based on statements
by a member of the Climatic Research Unit of the University
of East Anglia, who claimed within a few years snowfall will
become “a very rare and exciting event” and “children just
aren’t going to know what snow is.” The U.K.s Hadley Centre
for Climate Prediction and Research said eventually British
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children would have only a “virtual” experience of snow
via movies and the Internet. A model developed at the U.S.
National Oceanic and Atmospheric Administration (NOAA)
published in the Journal of Climate projected the majority
of the planet would experience less snowfall as a result of
global warming due to increasing atmospheric CO2. The
predicted decline in snowfall was expected to cause serious
problems for ski resorts and areas in the western United
States that rely on snowmelt as a source of fresh water.
Oregon and Washington would get less than half their usual
amount of snow. In June 2013, more than 100 ski resorts,
concerning global warming would reduce snowfall and
curtail skiing, joined the Business for Innovative Climate and
Energy Policy Climate Declaration urging Americans to “use
less electricity,” “drive a more efficient car,” and choose “clean
energy” to combat climate change and save their ski resorts.
The 2007 report of the IPCC warns of a difficult future for
the industry: “..snow cover area is projected to contract
mountainous areas will face glacier retreat, reduced snow
cover and winter tourism shifting of ski slopes to higher
altitudes.” And yet, three of the top five snowiest winters in
the Northern Hemisphere on record have occurred in the
past five years. In related research, examined the hypothesis
that global warming might cause a dangerous increase in
the number of snow avalanches in the French Alps. Because
avalanches are mainly governed by temperature fluctuations
in combination with heavy snow and strong wind regimes,
and the IPCC have deemed it likely they will be strongly
influenced by climatic fluctuations.

Analyzed snow avalanches using data from the
Enquete Permanente Sur Les Avalanches- EPA, a chronicle
that describes avalanche events on approximately 5,000
determined paths in the French Alps and the Pyrenees. Eckert
et al. found no strong changes in mean avalanche activity or
the number of winters of low or high activity over the last 60
years of record. Similar results have been reported from the
Swiss Alps for the second half of the twentieth century by
Schneebeli M, et al. [59] and by other researchers, including
Bader S, et al. [60]; Eckert N, et al. [61]; Jomelli V, et al. [62]
who reports no change in extreme snowfalls and catastrophic
avalanches around Davos, Switzerland during the twentieth
century. Jomelli V, et al. [63] Found “no correlation between
the fluctuations in avalanche activity between 1978 and 2003
and large-scale atmospheric patterns” in the Maurienne
Valley in France, Lombard A, et al. [64] suggest avalanche
magnitude at low altitudes has declined since 1650 in the
Massif des Ecrins in the French Alps.

Thermosteric

Briffa KR, et al. [65] used the global ocean temperature
data to investigate the thermostatic, or temperature-
induced, sea-level change of the past 50 years. A net rise
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in sea level occurred over the full half-century period but
superimposed on that are marked decadal oscillations
that represent ocean-atmosphere climatic perturbations
such as the El Nifio-Southern Oscillation, Pacific Decadal
Oscillation, and North Atlantic Oscillation. Recognized these
as thermostatic trends over 10year windows that showed
large fluctuations in time, with positive values (in the range
of 1 to 1.5 mm/year for the decade centered on 1970) and
negative values (-1 to -1.5 mm/year for the decade centered
on 1980). The record shows only an overall trend because
it began at the bottom of a trough and ended at the top of a
peak. In between these two points, there were both higher
and lower values, so one cannot be sure what would be
implied if earlier data were available or what will be implied
as more data are acquired. Lombard et al. noted similar
sea-level trends that occur in TOPEX/Poseidon altimetry
over 1993-2003 are “mainly caused by thermal expansion”
and thus probably not a permanent feature. They conclude,
“We simply cannot extrapolate sea level into the past or the
future using satellite altimetry alone.” If even the 50 years of
global ocean temperature data we possess are insufficient to
identify accurately the degree of global warming and related
sea-level rise that has occurred over the past half-century, it
will be many decades before satellite altimetry can identify a
real climatic trend.

Drought

Even a moderate drought can have devastating effects on
regional agriculture, water resources, and the environment.
Many climate scientists and agriculturists have expressed
growing concern about the worldwide drying of land areas
and increasing evapotranspiration, which they attribute to
man-induced global warming. Some recent peer-reviewed
studies suggest the severity and length of droughts are
increasing in various regions due to global warming [66,67].
But in the United States, droughts have become shorter,
less frequent, less severe, and less widespread over the
past century, peaking during the Dust Bowl era of the
1930s, as clearly evidenced by the heat wave index for the
period 1895-2008. Drought represents moisture deficit and
therefore is an end-member of the precipitation spectrum.
Many of the papers discussed earlier have referred to the
issue. Providing a long-term perspective of the climate cycle
that stretches from the Medieval Warm Period to the late
twentieth-century warming [68]. Developed diatom-based
proxy records for sediment cores from six lakes that provide
a 250-km transect of the Winnipeg River Drainage Basin
of northwest Ontario, Canada. The study was intended to
address concerns that droughts similar to, or more extreme
than, the 1930s Dust Bowl drought are a likely outcome of
human-forced global warming and could perhaps last for
several decades to centuries [69,70]. A consequence of such
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droughts is decreased lake levels and river flows Cook ER, et
al. [68] reported a synchronous change had occurred across
all of the six lakes, indicating “a period of prolonged aridity”
during the Medieval Warm Period (c. 900-1400 AD). The
general coincidence in the time of this event at the six sites
suggests an extrinsic climate forcing of natural origin [71,72].

A parallel study by Williams JW, et al. [73] of five
topographically closed lakes in Nebraska “indicated relative
(climate) coherency over the last 4000 years, particularly
during the MCA [Medieval Climate Anomaly] with all lakes
indicating a lake-level decline.” 73 also report “in Minnesota,
sand deposits in Mina Lake indicate large declines in lake
level during the 1300s higheolian deposition occurred
from ~1280 to 1410 AD in Lake, [74] and 6180 from calcite
indicated an arid period from ~1100 to 1400 AD in Steel
Lake.” They note, “in Manitoba, the cellulose 6180 record
from the southern basin of Lake Winnipeg indicated severe
dry conditions between 1180 and 1230 AD, and a less severe
dry period from 1320 to 1340 AD [75]” and relatively warm
conditions during the Medieval Warm Period “have been
inferred from pollen records in the central boreal region of
Canada and Wisconsin” [76-78].”

In a study of drought in the global context over the past
60 years, [79] utilize datasets on temperature, precipitation,
and surface energy parameters (wind, specific humidity,
etc.) to calculate the standard Palmer Drought Severity
Index (PDSI) using two different equations. The PDSI-
TH (Thornwaite formulation of evapotranspiration) and
PDSI-PM (Penman-Montheith formulation) differ in that
the TH model estimates evapotranspiration based on air
temperature (a proxy for potential evapotranspiration,
not because of causal physics), whereas PM offers a more
physically based evapotranspiration formulation, where
the temperature is utilized only to calculate near-surface
atmosphere humidity deficit. The TH model implicitly
assumes no trend in air temperatures over the long term.
The PDSI-TH approach overestimates evapotranspiration
as long-term trends in temperature are apparent. The PDSI-
PM equation does not respond to the temperature trend, as
the temperature is only an indirect variable. Both the older,
conventional index (PDSI-TH) and the newer index (PDSI-
PM) show an increase in drought over recent years, though
the trend for the latter was not significant [80].

Summary and Conclusion

The hydrosphere comprises the combined mass of
water that occurs on or near Earth’s surface. It includes
oceans, seas, lakes, rivers, streams, and precipitation.
Because it covers about 71 percent of Earth’s surface area,
the hydrosphere plays a vital role in sustaining communities
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of water-inhabiting plants and animals. Frist, the earth’s
climate is not controlled solely by the atmosphere but also
to a large degree by the heat stored in the ocean, which has
a 3,300 times greater heat capacity than the atmosphere.
The exchange of ocean heat via currents and wind-enhanced
ocean-atmosphere interactions drive weather at all scales
of both space and time. In particular, repetitive weather
patterns occur over the ocean itself and exercise far-reaching
influence on adjacent landmasses. For example, the wet,
warm winds that blow from the ocean to the continental
interior in the Pacific Northwest of USA (Chinook wind, in
original usage) can raise winter temperature from -20°C to
more than +10°C and melt 30 cm or more of snow in a single
day.

Second, the high specific heat of seawater makes ocean
circulation the dominant mechanism for redistributing
thermal energy within Earth’s climate system. In simple
terms, atmosphericand oceanic circulation systems transport
excess heat from the tropics to higher latitudes-from the
Equator towards the Poles. However, ocean circulation is
constrained by the configurations of ocean basins and the
linkages between them. Sea-level rise is one of the most
feared impacts of any future global warming and Lakes
around the world are warming at a rapid rate. On average,
surface waters warmed 1.7 times faster than corresponding
air temperatures at the lakes because of Lakes with high
water transparency. Third, the hydrological cycle describes
the continuous circulation of water between the ocean,
atmosphere, and land. Water is transferred through physical
processes like evapotranspiration, precipitation, infiltration,
and river runoff. This circle from one reservoir to another
involves energy exchange in terms of heat transfer, solar
radiation, and gravitational potential energy. During these
processes, water can change its aggregation state various
times. All forms of precipitation are dynamic, occurring
or not occurring in response to changing atmospheric
conditions (especially heat and water vapor) on a minute-
by-minute, hourly, daily, weekly, or seasonal basis. Lastly, the
future impacts of global warming on agriculture and water
resources due to the warming of the hydrosphere.
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