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Indian Monsoon
- Why isit important?
* Monsoon Background

Past and Present Pulse
- Interannual
- Subseasonal
Future Pulse
Societal Impacts
- Agriculture
- Public health

Water Management
- Chennai Floods of 2015

Challenges / Parting Thoughts
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Ihe airis on tire ana the ileaves are perrectly still as It
holding their breath. Nature seems to be frozen in
time. There is a curious sense of anticipation.

In a sudden moment, the sky darkens and...the
leaves flutter excitedly in the cool breeze. The
monsoon has arrived.

Rivers flow and flowers bloom in celebration of the
monsoon, as the world is transformed under its spell.
The wild monsoon winds blow with abandon swaying
everything in their path.

Whether it's little children sailing paper boats on
muddy rivers or people admiring the lush scenery,
everyone is touched by the magic of the monsoon.
With its life-giving rain and its wild storms, the
monsoon is a mixed blessing - whimsical,
unpredictable, and unmistakably Indian.

- Shantipriya, Indian author
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Indus Valley Civilizatior

Early Period
5300 ~ 4600 BP

Agrarian Society —
strongly dependent

i . |
\I\Ithx Then 2,9(:'!";:? ?‘ng Eastward Shift~ Late Period .
onsoon Variations?* 3900 ~ 3300 BP



* During Early to Mid-Holocene
Wetter North West India

30°N

“+ + Gradual decrease of wetness
during late Holocene

 Decline of Indus Civilization
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Monsoon - Basics

 Arabic word “mausim”
means“season”

 Common definition: a wind or
precipitation pattern that shifts

SeaSOHa”y /%ascends
Cool air

« The primary cause of monsoons “**
\,

Onshore flow

— Hot Land
— Cooler Ocean

« Strong temperature @
between land and ocean il

Warmer

Cooler =

Land

Warm air

Cool air

descend:

/
/

Offshore flow

[Edmond Halley (of comet fame)
was first to recognize this forcing]

Warmer

Sea Land




Monsoon Basucs

WhICh reglon(s) has?
‘Lot of land mass in the tropics
‘Lot of water




Monsoon - ITCZ - Winds » Trade

* |deas
* Religion

The Ancient Maritime Trade Route *
Between Alexandria and China
250 BC - 250 AD

JULY




Monsoon Impacts

Large Societal Impact on Global Scale

» Monsoonal regions cover roughly Yz of the Tropics (or 4 of the global surface area) and

plays host to ~65% of the world’s population

American

Monsoon
SR MAf:;lcann Asian-Australian
2 S1s00 Monsoon
210
— Srelem. et
1100 BRSO AR AR AW AEe TR Ame
_— 101 500 P v :

_— 500

» Understanding Global Monsoon is critical for planning against climate hazards

% Tropical

M. D. Eastin
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Mean Rainfall Patterns
Data Source: CMAP (1979-2000)

66E 69E 72BE /5 /8E 81t 84FE 87E 90E 93E 96E 66E 69E 728 /5B /8E 81E 84E 87E 90 93E 96E

] [ T
500 750 1000 1250 1500 1750 2000



Rainfall (mm/month)

Mean Annual Cycle of
All-India Mean Monthly Rainfall

Jan

Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec




Total Food grain Production h y=-o0pere s oaooex §
in India and its Relation to ool _
Indian Rainfall § o e
- Impact on water resources g * P I
+ ~20% of GDP is affected I B e
by monsoon : i e
- 40% of irrigated area : 50 - ;
produces 70% of crops g / .

India — Rainfall and Agricultural Production

-10.0 . T
/ '
.

0, 0, -15.0
o Agricultural production 7

-25 -20 -15 -10 -5 0 5 10 15 2

growth* ¢ |
(LHS, annual average) -20.0
10 20 i AR
\ /\ //\/\/\AAM /\m/ Share of GDP and employment
ol AL 2011-12
i / PRI

500 -
-10 ' -2040.0 ~
Rainfall — summer 300 -
monsoon**
(RHS) e B GDP share
_0llllllllllllllllllllllllllllllllllllIllll_ 00“ .Emp|0yment5h<
76177 83/84 90/91 97/98 04/05 1112 ) "
. . .(_,06 \)\Ql \QQO 0(\ &
* Indian Government estimate for 2010/11 ¢\\ 0\\, N & . <\\°
** Percentage deviation from long-run average; Indian Meteorological 33 {\0 \’bé .@) @\
Department's first forecast for 2011/12 monsoon ‘?’o" (\0 &

Sources: CEIC; Indian Meteorological Department; RBA R &



Monsoon and Health

DENGUE and MONTHLY RAINFALL

MALARIA and YEARLY RAINFALL
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M Little or no water scarcity
Physical water scarcity

W Approaching physical
water scarcity

M Economic water scarcity
Not estimated

Derinitions and fndfcators

= Littie or no water scarcity. Abundant water resources relative to use, with less than 25% of water from rivers withdrawn for human purposes.

= Physical water scarcity (water resources development Is approaching or has exceeded sustainzble (Imits). More than 75% of river flows are
withdrawn for agriculture, industry, and domestic purposes (accounting for recycling of return flows). This definition—relating water avallability
to water demand—Iimpiles that dry areas are not necessarlly water scarce.

= Approaching physical water scarcity. More than 60% of river flows are withdrawn. These basins will experlence physical water scarcity In the near future.

+ Economic water scarcity (human, Institutional, and financlal caplial imit access to water even though water In nature ks avallable locally to meet human
demands). Water resources are 2bundant relative to water use, with less than 25% of water from rivers withdrawn for human purposes, but malnuirition exist

Source: Comprehensive Assessment of Water Management in Agriculture (2007) (from an International Water Management lnstitut
using the Watersim mode/).

Declining per capita water
availability

Large parts of India water
stressed

Limited Storage Capacity
Woeful River Management



TRADING UP: THE DRINKING

WATER CHALLENGE

Ids having

share of
tap as source of drinking water

MEclow1s  [7]301-50 [l Above 751
[@15130  [7]50175

jater. In 2001, while less than
ne in three households In Uttar
radesh had access to safe
rinking water, it was only one in
5in Bihar. A decade later, the Bhar
ituation has hardly improved. N
his Is significant because lack of Tharkhand ] _|Mm -
rinking water Is a major health 15

azard. According to a recent
Vorld Bank report, 21% of the
ommunicable diseases in India
re caused due to unsafe drinking
jater with diarrhea alone
ausing 1,600 deaths dally.

A
‘.

o0 :

o Koo, Nodu Andaman and

Nicobor fslands

raphics: Almed Raza Khan/Mint o § CongumMer baomt. Y

This isthefarth of annepartreview ol the  «
2011 Conears data that saks most of nda .
15 tradng up, craating the bats for the nest

Leaders and laggards The rural-urban divide

\NITATION CRISIS

Urban

)

Monsoon Water, Health

* Lack of safe and reliable drinking water
* Lack of proper sanitation
« = Malnutrition, poor health

Delhi
'
radesh Blhar (1) I
Manipur
ladhya Y Mlzoram
"W ‘

. ov
< Tr|pura
; Meghalaya 185
Orlssa

Level of malnutrition
High Ml Medium [l Low

. Proportion of rural households
without access to toilets
(in%)

Arunachal Pradesh

Uttarakhand Sikkim Assam),
15 9

Himachal Pradesh

)

) ' > West Bengal

Chhattisgarh

Puducherry ¢
A
“8 Andaman and Nicobar Island

.
‘4



Current Monsoon Climate Pulse

(a)

oo "% All India Summer (June-
i «20n J H .. Sep) Monsoon Rainfall %
= 1oLl b Iﬂ " H l”ﬂ | | Anomalies
§ . m h h ‘ ] ||ﬂ HI rﬂlﬂw |mﬂ|n Lo * Blue - La Nina years
S 1 L {1 |l + Red -
© —10- % I
2 A o U 5
= *25-yr smoother

‘Prolonged decline in
Recent decades

(b) Significant impact on Crop
+1 Yield, water resources and
Socio-economy

1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000

All India Annual
Surface Temperature

Degrees Celsius
o

|
o
(9}

Significant warming trend

o 1 T T T T T T T T T T T T T
1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000

What causes monsoon to vary from to year?



El Nino Southern

Oscillation
India - great famine in 1876-/8




Monsoon Variability/Prediction
(Interannual)

Sir. Gilbert Walker

Long History
Blanford (1884) Himalayan Snow-Monsoon
Walker (1918,1924)

El Nino Southern Osc. (ENSO) - Monsoon
Normand (1953)

Tibetal Plateau / Himalayan snow / Land heating




Eurasian Snowcover
- More - Weak monsoon

Via Land-Ocean Gradient

1.0 2.0 3.0 10.0
CHLOROPHYLL CONCENTRATION




El Nino Southern Oscillation (ENSO)
Mﬁ:"'- - WY Normal

El Nino

Cry air
descends

3 T I T I T I

)
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icline

thermocline
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Indian Monsoon Rainfall Std. Anomaly
o
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|
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|
|

NINO3 JJAS Std. Anomaly



Composite SSTA of Drought (*) and Normal (*) Monsoon
Years
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=>=Strength and Location of ENSO warming
(i.e., "Flavor”) Key to improved monsoon

N

W < = forecasting
=AU VA ———— % - Central Pacific warming 2 Indian
drought
e s R ——————— - Eastern Pacific warming 2> reduce

Impact on monsoon
KrishnaKumar et al., 2006 SCIENCE



Sea Surface Temp Anomalies: 1987 & 2002

Latitude

e
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Recent Years
Jun-Sep 2014, 2015

o° H°E e0°E @°E 120°E 18FE  1&0° 150°W 120°w adfw  edfw  30°w
lbngitude

o i
@
2 L
=
®
= 1! - . ‘
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811111015111111111111’111111111111111|
iy H°E e0°E W°E 120°E 18FE 1&80° 150°wW 1200w o0fw  elfw  20fwW
lbngitude
zlev 0.0 meters Time Jun-Sep 2015 - Eastern Pacific warming

But considerable central Pacific warming
« Conducive for droughts over India
« ~15% deficit (15); ~8% deficit (14)



RAINFALL FOR THE PERIOD JUN 01 TO SEP 07, 2016

240 500 afo 1200 1800 =3¢ 20 =10 ¢ 1&¢ 20 30

Negative ~3.5%
But considerable central Pacific warminc
« Conducive for droughts over India

. ~15% deficit (15); ~8% deficit (14)



Asymmetry in the monsoon-ENSO teleconnection

. middle late 1.0
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Summing the rows highlights the asymmetry. Gill et al.. 2015. JGR °



Land surface and the ISM

Increased pre-monsoon Irrigation

25N -
A 4

Increased Vegetation, NDVI
\

20N A1

15N A

Increased Atmospheric moisture - Increased
Pre-monsoon rainfall Ton |
& Seasonal shift

| N . . .
70E 75E 80E 85E 90t

Decreased land-sea temperature contrast MAM

\

Decreased monsoon (July-Sep) Rainfal|l

NDVI Trends — blue = sig. increasing trend

Lee et al., (2009), Int. Journal of Climatology



Future Monsoon Pulse

Under warmer climate in the future what
happens to the monsoon variability?

Will there be a tipping?
IPCC AR4 simulations

22 GCM, 48 ensemble members
A1B scenario

Sir. Gilbert Walker

UK HadCM model (PRECIS) for
downcsaling



Temperature
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% change in precip. during 2070-98 w.r.t. 1961-90
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Premonsoons;

(Mar-Jun)
Tmax for
1961-1990

# rainy days™
(> 2.5 mm/day|

2071-2100
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Future
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Changein
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(1961-1990)



Rice Yield
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Future Monsoon Summary

Indian Mons.oon likely to increase . ercon
modestly (with a large uncertainty) MAY 2016 SMASHES HEAT RECORDS IN INDIA
in the 215" century od e

Future ENSO teleconnections
remain unclear e

Temperatures (both maximum and
minimum) Clr'e pl"OJZCT@d TO inCr'e(ISC ° Ahmedabad Delhi Bikaner Churu Akola
Subs-ranTia”y (Wi-rh SmG”er‘ Monthly Average All Time Record Actual in May 2016
uncertainty)

Increase in extreme rainfall, hot
spells = significant stress on
water resources, agriculture and

health . K. Krishna Kumar et al. (1996, 2006)
Temperature and water impacts on  SCIENCE

crop yield and health are K. Krishna Kumar et al. (2012, Climate
significant Dynamics)

In combination has the potential
for a 'societal tipping'.



Water Management (or lack thereof)
2015 Chennai Floods



NORTHEAST MONSOON (AMIHAN)

November to March

North East Indian Monsoon (Oct-Dec)

SOUTHWEST MONSOON (HABAGAT)
June to September
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8N

" INDIAN OCEAN

{ BAYOF BENGAL

_—

SriLan / .
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Rainfall in mm/season
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North East Indian Monsoon Interannual Variability

El Nino =2 Weaker summer monsoon
El Nino = stronger winter monsoon

Average monthly
precipitation

© westermann 1112
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SST Oct-Dec, 2015 — El Nino

iy 0°E E0°E 9°E 120°FE 180FE  180° 15C°W 120°w 90w elfw  30PW
Longitude

zlev 0.0 meters Time Oct-Dec 2015

Nov 28 —Dec 4, 2015

_Bangalore

Nov 9 - 16, 2015

Total Rainfall (mm)
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. Geographical Area

2. Latitude / Longitude

3. Population
4. Topography
5. Drainage

6. Average Rain fall

b |

. Temperature

8. Climate

9. Humidity

10. Water Supply Sources

11. Water Supply ( per day)
Normal year

12. Supply Rate (Per Day per
Head) (Normal year)

13. Current Water Supply (from
2006)

14. Current Supply Rate

CHENNAI METROPOLITAN AREA (CMA4)

176 Sg.Km
- 13°04° Minutes North / 80°15°

Minutes East

: 5.37 Million (2009) - Projected
. Flat

: Adayar & Cooum Rivers

: 1100 mm to 1300 mm per year
:30°¢c to 40°%¢

. Tropical

: Vary between 65% and 80%

: Surface and Ground water

1 350 - 450 M1d

: 70— 100 Iped

: 570 Mld (Domestic 490 mld +

Others 80 mld)

: 91 Iped



MAP: WATERWAYS IN CHENNAI METROPOLITAN REGION
The entire region is literally flooded with waterbodies
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Source: Anon 2006, Development Pian for Channai Matropolitan Arza, government of Tamil Nadu, Chennai

MAP: THE WASTEWATER MAZE

The city's sewage Is first
pumped in a relay
through its pumping
station to nine STPs
located in its periphery.
The treated sewage Is
then dumped Into its
rivers, which flow from
west to east and finally,
Into the Bay of Bengal.
But before the sewage
reaches the sea, 400-700
outfalls add untreated
sewage Into the
waterways. By the time
the rivers meet the sea,
they get highly polluted,
thereby defeating the
purpose of operating a

centralised

sewerage system

lsefp g

Sewage pumping station

Sewage treatment plant (STP)
RO Plant
Waterways
Pallikarani Lake
Disposal of sewage \ J
PERUNGUDI
NS

Source: Anon 2011, 71-City Water-Excrata Survey, 2005-06, Centre for Science and Environment, New Delhi




Massive
Urbanization

Lack of Urban
Planning




Mis-Management of Water Resources
Leading to Massive Floods

TOO MUCH TOO LATE

Over 100 tanks feed surplus water to Adyar  reservoIr e
river upstream of Chembarambakkam - "
reservoir. The reservoir has its own catchment

area and gets surplus from many tanks CHENNAI

17

@
3,223

ALERT Despite 7 days of minimal rainfall, 4 days (*) saw lesser outflow
" o than inflow. Even after the heavy-rain alert, storage was
w444l maintained at high levels and outflows were minimal

|
e

ACTUAL STORAGE LEVEL in meft &
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TOTAL CAPACITY OF LAKE 3,645 mcft v |
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Way rForwara: Lessons Trom Coloraao

FRONTLINE

THE NATION

Published: January 6, 2016 12:30 IST | Updated: January 5, 2016 15:28 IST
WATER RESOURCES

Lessons from Colorado

A plan for sustainable management strategies drawing from experiences in the Colorado River Basin in
western U.S. By BALAJI RAJAGOPALAN



Lessons Trom Colorado River Basin
Management

Holistic Approach
« River Basin Management
« Rivers Don't Respect
Boundaries'

Data Management
« If you can't measure you can't
manage
Participatory Management

Transparency

Capacity Building

« The future is in our classrooms

Colorado River Basin

WYOMING

Upper Colorado River Basin ||

Lower Colorado River Basin [ |

Upper Basin Node ® '

Lower Basin Node 0,

MEXICO



Challenges / Needs

Impacts of Year to Year Climate Variability is enormous
« Need for skillful predictions

Poor Infrastructure likely to be overwhelmed with climate
extremes

Near term forecast of climate extremes is crucial
* Short term Floods (like Chennai Floods), Heat waves eftc.

Data Collection and Management
Science based policy

Overcoming culture and tradition and tradition in developing
robust natural hazard mitigation strategies

Dig the well before you are thirsty!



