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Multi Sensor Data to understand Natural Hazards and Coupling Process

Satellites Ground based
e MODIS e Sun-photometer
e MISR e CIMEL (AERONET)
e AVHRR *GPS
e OMI AURA
A E -GPS_ Meteorology |
e SCIAMACHY e Automatic weather station
e IRS e Buoy
e TOMS e Radio-sonde
¢ AIRS e Survey
* MOPITT e Aerosols
e TRMM
« ASTER e Clouds
o LANDSAT e Water Vapor
e Greenhouse and other gases
Co, CO,, NOx, SOx, CH,
* Radiative Forcing Models & other Data
eHYSPLIT
*ISCST3
*SBDART
*OPAC
*NCEP-CDC
*GPCP
*COLA
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Earth - Land, Land cover, Ocean and
Atmosphere

Land cover — Forests, Vegetation, Water, Snow
and laciers

Earth Process — Plate motion

Ocean - Ocean ecology, Harmful algal
blooms, Ocean wave and wave
height

Snow - Characteristics and state of snow

Glaciers - characteristics and movements

Winter College on Optics in Environmental Science, ICTP,
Trieste, Italy, Feb. 2-13, 2009









Meteorological Parameters

e Rainfall

e Surface and Air temperature

* Surface Wind

* Water vapor

* Relative humidity

 CO, CO2, NOx, SO2, and other trace gases
* Ozone
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Feb. 2-13, 2009















Winter College on Optics in Environmental Science, ICTP, Trieste, Italy,
Feb. 2-13, 2009



Satellite image showing the migration of river
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Possible earthquake precursors
precursors movements

Water table
lemperature
Radon

\ Satellite

Observation

lonosphere fluctuation

F M wave
hack scattering

ULF-VLF
LM wave

Current studies of electromagnetic
methods for short-term EQ
prediction.



Earthquakes — Land and Ocean

- Effect can be seen on the earth, ocean and
atmosphere

— using Geophysical methods




Lithosphere- Atmosphere-Ionosphere (LAI) Coupling

)

Atmospheric
Electric Field

Atmosphere

Atmosphere

Ground
Motion ?




LST anomaly, [°C]

Ouzounov, 2004
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Bhuj (Gujarat, India)
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Surface Latent Heat Flux Anomaly - 06 Jan 2001
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SLHF for Sumatra Dec, 2004 —June, 2005

SLHF Anomalles and Earthquakes with Magnitude >= 5 (20041201-20050622) Anomaly
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Pre-earthquake

Post-earthquake



(a) January 18,2001 (b) January 26, 2001 (c) February 3, 2001

0.1 1 2 >5mg/m
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Trzrenel Poyzre Planis (TPP)

® 1980to 2001

Increase in ene;gy consumption by 208% (4.16to 12.8

quaderillion Btu
® 1990to 2000

Coal percent share has increased from 29.4% to 33.6%
Share of biomass has declined by 9.9%

® Indiais Iifth (in the ¥ear 2001) in the world in carbon emissions
/ ons of carbon equivalent).

(251 million metric

B Petroleum

Coal

Natural gas

1 Biomass

W Hydroelectric

[l Geothermal, solar, wind and wave
O Nuclear

(0]
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MISR (0.5 degree spatial resolution) AOD
over major cities and mega thermal power plants (>1970MW).
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AOD is significantly higher over major
TPP compared to major cities.

AOD over Hyderabad is only 0.2027-0.3466
compared to that of 0.3266-0.4529 (December
2004-January 2005) over Ramagundam TPP.

AOD is higher over power plant
locations compared to surroundings.

Notable exceptions here are Korba and Neyveli
TPP. Neyveli TPP is close to sea and effect of sea
aerosols is likely to play role in the observed
deviation from trend.
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Thermal Power Plant Emissions in India: cuse for Higher

Aerosol Loading during Winter Season over the Indo-Garngetic vasir

—

BER 7 B~ e SR e

- O Dense network of power plants in the eastern part of the Indo-Gangetic basin.
~ O During winter season, dense haze, fog and smog are seen over the IG basin.
a
a

P

The light and dark green color show low topography of the IG basin, as a result pollutants are
concentrated in the region especially during winter season.
The point sources of pollutants are the emissions from the dense network of these coal based power
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MODIS (NIR-CC)
and

GPS Water
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MODIS Water Vapor IR (mm)
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Correlation with GPS
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Correlation with GPS

Prasad and Singh, JGR, 2009
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Aerosols and Fog formation

Profile path
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Winter Summer
(2005-06) (2006)
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Rise in AOD over the Indian Subcontinent
(summer season)
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Spread of Dusts as seen in TOMS AI Images
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Aerosol Index vs. RSPM

Aerosol Index vs. RSPM, New Delhi . i Aerosol Index at New Delhi and Varanasi e Aerosol index (AD data taken from
I o oobe | TOMS shows maximum value due to the
s g dust outbreak in the IG basin in June
P E Y 2003.
i % 3 *Ground based Respiratory Suspended
Lo 2 < o] Particulate Matter (RSPM) data shows
T " significant increase of particulate matter
°°W 2 \;Q - @0; \Q»“‘ \w;@»; @y;w;w;@»; concent?atlon in atmosphere, thus ‘
) R %Déy SR Do confirming the presence of dust particles.




Dust storms (May 7-8-9, 2005)
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Remote Sensing of Dust Storms
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Delhi Dust storm May 14, 2008



Rain after Dust storm of May 14, 2008



Delhi: Rain throws normal life out of gear

Press Trust of India

Wednesday, May 14, 2008 (New Delhi)

Heavy dust storm followed by torrential rains lashed the Capital on
- Wednesday, throwing normal life out of gear.

There were also reports of trees being uprooted in many parts of the
city.
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I i

Data source: Vohra, C.P., 1989, Gangotri Glacier,
Indian Mountaineer, Mountaineering Foundation of

India, New Delhi
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Oct. 26, 1972 Nov.12,1989 Nov. 2, 2000

R O T
-

WuE

g I.Change in the snow and glacdier cover in the western Himalayan region as shown in Land-
sat mulspectal scanner (197 2), thematic mapper (1989), and Enhanced Thematic Mapper Filus
(2007} images. Areas ousiined in red indicate information from the GLIMS database.

Fg 2. Dust storms reach up to snow and glacter of Himalayas (box outiined in red) as visible in
this & June 2003 MODIS Terez tmage obsained fom the MONS Wah ste (fun//modls. gsfc.nasa
Rralirg)
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AIRS — Relative Humidity (%)
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TOC Anomaly (DU) TOC Anomaly (DU) TOC Anomaly (DU) TOC Anomaly (DU)

TOC Anomaly (DU)

Large Difference between Projected (1979-1993) and Observed Trend (1997-2003)
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Difference between
predicted and
 observed trends in 14
-165  cities (DU/decade)

The ozone
depletion could
mean a potential
health threat for
the 440 million
people living in

heregion

Source: Ramesh Singh et al, 2005
Winter College on Optics in Enviro&
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AOD variation for Western Coast of India

January 2000
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Chlorophyll image generated from October 11, 1999 OCM data
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Chlorophyll Concentration

(a) January 18,2001 (b) January 26, 2001 (¢) February 3, 2001

0.1 1 2 >5mg/m



Suspended Solid Concentration

Pre Post
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Hurricane Isabel
(September 7 — 19, 2003)

Tropical Storm
Category 2 Hurricane
Category 3 Hurricane

== | Category 5 Hurricane
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Dust Storms

Jaipur

Ahmedabad

(Prasad and
Singh, 2007,
RSE) (April 3-12, 2005,

MODIS Terra images)
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Dust deposition over the ocean:

The input of dust has different impacts in different oceanic
environments

(Tegen & Fung 1997)
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Plume dispersal from the World Trade Center, 9/12/2001
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MISR provides key stereo-derived aerosol plume height, directionality, and timing
data for initializing and checking high-resolution pollution transport models used to
estimate hazardous aerosol and gas fluxes emanating from the burning WTC.

Gera Stenchikov (Rutgers Univ.), Raiph Kahn, David Diner (JPL)



INPUT
DATABASE

Flow Chart

10 Day Composite
NDVI data
(NOAA-AVHRR)

Units: dimensionless

’

INPUT DATABASE
Monthly " Monthly
Soil Moisture (SM) Surface Temp. (ST)
data data

(NOAA-NCEP)
Units: mm

(NOAA-NCEP)
Units: Kelvin

;

—

Daily
Rainfall (RF) data
(Rain gauge data)
Units: 0.1 mm/day

;

Monthly NDVI data
for vears 1984-1999
Units: dimentionless

Monthly SM data
for years 1984-1999
Units: mm

Monthly ST data
for years 1984-1999
Units: Kelvin

J

Monthly RF data
for vears 1984-1999
Units: 0.01 mm/month

\;4//

Crop growth and ripening months

For Wheat: Average for four months from January to April.
For Rice: Average for four months from July to October.

Independent variables

v

Dependent variable

NDVIL SM. ST, RF

Crop Yield (kg'ha)




ANALYSIS

ANALYSIS AND MODEL BUILDING
(Wheat or Rice State wise)

-

-

Identifying
Initial Piecewise Lincar Empirical Equation with Breakpoint
CROP YIELD e o rice =
[e) + (a<NDVI} + {a=SM) + (25T 1+ {a<RAINFALL)] { for crop yield < breakpoint m }
or [¢; = ( by =NDWT) + (b SM) + (b=S8T) + (by=RAINFALL)Y]{ for erop yield = breakpoint m }

Loss function is least square i.e. L= (Observed-Predicted)’

y

Iterative and Non-linear Quasi-Newton Multivariate Optimization
For all vaviabies
Initial walue= (0.1, Initial Stepping= 0.5,
Breakpoint m= mean of 16 vear crop yield {wheat or rice),
Condition for convergence=0.0001, Number of iterations <100

v

OUTPUT

Constants and coefficients values for Empirical Equation
Predicted Crop Yield (Kg/'ha), Residual values
R-square value for model empirieal equation for wheat or rice




Crop Yield Prediction

Data Used:

«  NDVI: AVHRR NDVI 1981-2000 - Monthly average

- RF: Rainfall (rain gauge) - Monthly average

«  SM: Soil Moisture (1984-1999) - Monthly average [NCEP]

« ST: Surface Temperature (1984-1999) - Monthly average [NCEP]

« Crop Yield data for wheat and rice from 1984-1999 [Published Book]

Strong spatial and temporal variation of above input parameters require
division of agricultural areas into zones for crop yield modelling
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Spatial Variation of Input parameters
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Temporal variation of input parameters

Percent Deviation Rainfall Map - Monsoon season
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United States. Corn Yellow numbers indicate percent of national total each

state contributes to national production annually. States
not numbered contribute less than 1% to the national total.

Legend
- Major growing areas
- Minor growing areas

* Major growing areas combined account for 75% of total

national production annually Corn crop calendar for most of the Midwest United States
. . ) . [ PLANT |

* Major and minor growing areas combined account for [six]

99% of total national production annually HARVEST
* Major and minor growing areas and state production JAN TFEB TMAR TAPR T MAY TJUN T auL T auG T sep TocT T Nov T DEC

percentages based upon averaged NASS cou nty_leve' The corn crop calendar is typlcally 1 month ahead across

» the southern United States.
and state production data from 1996-2000
USDA
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United StateS' Soybeans Yellow numbers indicate percent of national total each

state contributes to national production annually. States
not numbered contribute less than 1% to the national total.

Legend
- Major growing areas
- Minor growing areas

* Major growing areas combined account for 75% of total
national producﬂon annua"y Soybean crop calendar for most of the United States

PLANT
* Major and minor growing areas combined account for |'!lﬁ J

99% of total national production annually

* Major and minor growing areas and state production o BE A L A 28 SR R R E s S gl AR

percentages based upon averaged NASS county-level
and state production data from 1996-2000

USDA

JOINT AGRICULTURAL WEATHER FACILITY (JAWF
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Soil Moisture (mm)

Months

Soil Temp. (Kelvin)
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|(b) Soybean
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R-sq= 0.78 R-sq = 0.86

I | ' | ' | 32 B |
100 120 140 160 28 32 40 44 48 92
Observed Crop Yield Observed Crop Yield
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