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More potential evapotranspiration
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ASSESSMENT OF CLIMATE CHANGE OVER THE INDIAN REGION: MINISTRY OF EARTH SCIENCES (MOES, 2020)

TEMPERATURE:

DURING 1901-2008, THE AVERAGE TEMPERATURE OF INDIA HAS RISEN BY 0.7°C.

TEMPERATURE IN INDIA IS EXPECTED TO RISE BY 4.4°C BY END OF THIS CENTURY DUE TO GREEN
HOUSE GASES EMISSION.

THE RISE WILL INCREASE HEAT WAVES (APRIL AND JUNE) OVER INDIA BY 3-4 TIMES BY THE END
OF THIS CENTURY WHICH WILL ALSO INCREASE DROUGHT INTENSITY.

RAINFALL:

THE INDIAN MONSOON VARIABILITY IS PROJECTED AS 14% BY 2100 AND MAY GO UP BY 22.5%.

DECLINE IN RAINFALL (UP TO 6%) DURING SUMMER MONSOON BETWEEN 1950 TO 2015, WELL
WITNESSED IN INDO-GANGETIC AND WESTERN GHATS REGION.

FREQUENCY OF DRY SPELLS AND WET SPELLS DURING MONSOON HAS INCREASED BY 27% AND
75% RESULTING IN DROUGHTS.

CHANGES IN THE HIMALAYAN REGION:

+ HINDU KUSH HIMALAYAS HAVE WITNESSED RISE IN TEMPERATURE (1.3°C) RESULTING IN
SNOWFALL DECLINE.

FURTHER DECLINE IN SNOW FALL IS ALSO WITNESSED.

.

TEMPERATURE IS PROJECTED TO RISE BY 5.2°C.

SEA LEVEL RISE:

.

INDIAN OCEAN HAVE EXPERIENCED SEA LEVEL RISE AT A RATE OF 1.06 TO 1.75 MM.

FURTHER IT IS PROJECTED TO INCREASE BY 300 MM.

TROPICAL CYCLONES:
« THE FREQUENCY OF SEVERE CYCLONIC STORMS HAVE INCREASED, RISE IN AVERAGE
TEMPERATURE, DECREASE IN THE MONSOON PRECIPITATION, RISE IN RAINFALL, DROUGHTS, SEA-
LEVEL, INCREASED INTENSITY OF CYCLONES, ETC.

Projected Changes over the Indian Region
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Climate projections to 2100 - Temperature

RCP 2.6

RCP 4.5

Annual Mean Temperature
increases ( 2030 to 2100):

« 2.0 to 4.8 for BAU

= 1.7 - 2°C (RCP2.6)
More increase in night
temperature and post monsoon

Increase in frequency of
extreme temperatures (1-in-20
year hottest day likely to

Climate projections to 2100 - Rainfall

RCP 2.6

RCP45

Mean annual precipitation: increases
4-5% by 2030s; 6 - 14% by 2080s;
except for a few regions in short term
projections (2030s); increase in inter-
annual variability

Years with above normal monsoon
rainfall expected to increase

Extreme precipitation: increase in
frequency of extreme precipitation
(>40 mm/day) days for 2060s and
beyond; 30-40% increase in frequency

g become a 1-in-2 year event) & of = 100 mm/day events
- Consecutive day warm spells = 1-in-20 year annual maximum daily
th . precipitation Jlikely to become a 1-in-5
beyond 907 percentlle, to 1-in-15-year event by the end of the
= lengthen to 150—-200 days @& 21st century
= b
=] FIRREE: fRRNEY, S £ - Frequency and intensity of droughts

days under RCP2.6 increase in lower latitudes
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Fig source; Chaturvedi et al, 2012

s Frequency and intensity of floods
increases

Climate change impacts on water resources — streamflow in major basins Climate change impacts on water resources — drought
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= In majority of river basins, streamflow likely to increase T o

* Monsoon season streamflow increase > 40% in 8/9 basins for RCP 4.5/RCP8.5
- Streamflow is more sensitive to changes in rainfall than temperature
= Evapotranspiration increases up to 10% in both scenarios

- estimates based on weekly soil moisture deficit

= increase in moderate and severe drought frequencies and areal extent despite
increase in rainfall (marginal improvement towards end of century)

Source: Mishra & Lihare 2016 Source: Gosain et al, 2012



Climate change impacts on water resources — extreme flows,
dependable flows

2021-50 2071-98 2021-50 2071-98

Percentage Change In Stream Discharge at 89th percentile*® across India
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- Extreme flows (99" percentile) increase by 10-50% leading to flooding in majority of the
river basins; few sub-basins show some decrease in the peak flows

- dependable (10th percentile) flows also increase; in some basins in central India
dependable flows decline

< Substantial efforts required to develop future water management strategies

Source: Gosain et al, 2012



Whatmusesiheaealeve[iochange? Why is sea-level rise important?

Sea-levels are rising The amount of sea-level Sea-level rise creates
because of climate change rise depends on the risks for our coasts

Tmoslﬁai‘}rmm amount of climate change
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Measuring sea level using tide gauges

Ing sea level (SL) using tide gauges provide long and reliable
records of water levels that can be used to isolate sea level change trends.

The tide gauge detect high and low points of tides in a given period of
time.

These data points are also important for detecting water levels during
storms and other events as well as in the long-term investigation of
relative water level change (rise or fall).

Tide levels are also measured by floating buoys, which may also be used
to detect tsunami waves.

Measuring sea level using satellite altimetry

Satellite altimetry with multiple satellites provided much better data
resolution and coverage.

The measurements utilize multi-beam methods that are very precise and
can measure changes in elevation on the earth's surface to great
precision in the range of centimeters.

These methods have shown that water bodies are not flat but are
incredibly dynamic and have high and low spots due to factors such as
gravitational variability.

Data such as ocean circulation, sea level rise, and wave heights can be
measured.

these measurements have provided insight into the links between the
ocean and the atmosphere and how the connections drive climate.

MEASURING

SEA LEVEL
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— MODELS ON SEA LEVEL RISE d

rise scenarios termed as Global mean sea level (GMSL)

'’
Represent future sea level changes in view of increasing GHG
emissions, atmospheric warming and ocean.

It helps to support planning and decision making in how much sea
level rise could occur under what circumstance and by when.

THERMAL EXPANSION + G DCEAN MASS

> It also predicts how sea level rise both globally and locally. ﬁfu\/

> Sea level rise scenarios are generally based upon climate model
outputs.

EXPANSION

Climate models simulate different responses, like how ocean
might warm, where ice melts and how additional water
disperses around the world's oceans and affects circulation
patterns.

@ EARTHDATA

Thes'e'requnses dl‘ffer under njoglels that use different boundln'g e SEALEVELCHANGE | [0GG - cen Level Projection Too
conditions like varying GHG emissions and ocean and atmospheric
warming projections for future sea level rise.

Projections

Median projections of global
and regional sea level rise,
relative to a 1995-2014 baseline.

Thus sea level rise scenarios help us plan in the face of uncertainty = v
by providing a range of possible futures that help represent a) = vevsererescen
potential future human-driven greenhouse gas emissions, and b) o osmons
how earth’s physical processes will respond to increased —poes
temperatureS. Total Sea Level

CHENNAI
Total Sea Level
2100
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Decades

Scenario

0.57m

full projection s
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Figure 11: The relationship between sea level changes and distance from the
sea in mostvulnerable coastal area of West Bengal

Sea level rise trends Elevation from mean sea

(mmiyear) Location (station wise adjoining area) Jevel(m) tfig. no_ 11)
Below 0.5 | Bhubaneswar and Chennai | Up to 200 m
05-10 Visakhapatnam Up to 1000 m
Above 1.0 Diamond Harbour Upto20m

Pramanik et al., 2015

Figure 7: Inundation scenario of Visakhapatnam area for sea level rise A) Nov,

1977 (Landsat MSS) B) Nov, 2005 (Landsat TM) with true colour composition

Figure 8: Inundation scenario of Paradeep areafor sea level rise A) Nov, 1977
(Landsat MSS) B) Nov, 2005 (Landsat TM) with true colour composition
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\/ Groundwater Flow modeling N/

3 an\ . 8 an\ @ ah ah s -
‘ . o = v R = = Py Oy dpge —
\/ dx (K‘rxﬂx) [ (Hyy E—‘j,-') + dz (Kz‘z 5‘2) = 5 Vipg s+ (V 0 £ | pSI# + nﬂe_c_m
f

o 9y \ , &t éc ot
Ky Kjy @and K ,, are hydraulic conductivity along x.y, z Directions (L/T), h - is Potentiometric head (L), w - is volumetric flux per unit volume representing sources or sinks of
water,’Ss - is the specific storage of the porous material (L"), t - is time (T), P i s fluid density (ML3). Kf fresh water hydraulic conductivity (LT-"), Hf equivalent fresh water
head (L). Pf is the density of fresh water (ML-3), Sf equivalent fresh water storage, coefficient (L"), tis time (T), N is porosity (L0), C concentration of dissolved constituent
(salinity, Cl) (ML3), p fluid density of source or a sink (ML-3, q is the flow rate of the source or sink (T-"). X .
Basic Steps to Build a Model

Build the Numerical Model
Define the Grid
Assign Properties

Columns (1) Objective: Groundwater Model
1 23456789 10

28T e fuge e e el -

Rows () 43.-.-.-./~¢::-.- .. 1

Sooocc’/ooo

(Hydrogeological Characterization)

— oot

Assign Boundaries

| Calibrate and Validate Model |

Build the Conceptual Model
Identify Model Domain
Idealize Hydrogeology

|
UISUB| M["JH.[]W { Sensitivity Analysis .

Yes

| Model Software Selection )— Predict Results

Layers (K)

‘ Make Decision / Performance Monitoring ‘
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Table 4. NORMS FOR RAINFALL INFILTRATION FACTOR AS RECOMMENDED
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Even under the most modest scenarios*, scientists expect
sea level rise to affect Earth's coastlines significantly L5
in the coming centuries.
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UNCERTAINTIES

Factors like tidal, wave, altitude and other factors influencing sea-
level rise were not considered.

Seawater intrusion was not reflected
The initial head for sea level is the present sea level

The study aims to highlight the combined impact of sea-level rise
and pumping.

The transient and steady-state for the initial model were calibrated,
but the prediction models were not calibrated due to more
significant uncertainties.
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