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An image Is composed by pixels which contain values
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Satellites




Geostationary or Polar-Orbiting Satellites




Geostationary Satellites

e Located at about 35,800
km above the equator

e Orbit at the same speed
as earth’ s rotation

e Repeat coverage about
15 to 30 minutes
e Cover full earth disk

e Observes events and
their evolution

0000 1 Jan 2005



Polar-Orbiting Satellites

e 350 to 1000 km height : Ipl.nasa.gov/earth/
« Narrow spatial coverage
» Less frequent observations
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Spatial Resolution




Spatial Resolution (I Km




Spatial Resolution (30 m




Spatial Resolution (45 cm)







Environmental Parameters

Precipitation Vegetation

Temperature . Water Bodies




Remotely-Sensed Products

Precipitation Estimation



What do satellite sensors “see” ?

VYV, IR & Thermal IR

MW (low freguency- IS L
emission by kain) =

MW (high frequency-=
scattering by ice)
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Geostationary Satellites

* Located at about 35,800 km above the equator
* Visible, NIR and Thermal Infrared

* Repeat coverage about 15 to 30 minutes

» QObserves events and their evolution




Polar-Orbiting Satellites Passive Microwave

Defense Meteorological
Satellite Program (DMSP)

Special Sensor Microwave/lmager (SSM/

)

- Swath width: 1400-km
- Seven passive MW channels




Radar and Passive Microwave on-board Satellites

Tropical Rainfall
Measurement Mission
(TRMM)

- Precipitation radar (PR) %Q
- 215 km Swath trmm.gsfc.n ’s'a}'gov
- 250 m vertical resolution

- TMI

- 9-channel MW
- 760 km swath

-VVI/IR
- Lightening detector




Radar and Passive Microwave

TRMM product




ing IR, Passive and Active Microwave

Rainfall Estimates

Combines the best features of both approaches:

e (Good of geostationary estimates

e PBetter of microwave estimates



Products

CMORPH
NRL

PERSIANN
TRMM-3B42
TRMM-3B42RT
CPC-RFE
CPC-ARC
GPCP-1DD
TAMSAT
GPCP

CMAP
TRMM-3843

Time Res

Space Res

Existence

Satellite Rainfall Estimates

PM Gauge

Daily
3-hourly
3-hourly
3-hourly
3-hourly
Daily
Daily

Daily

10-daily
Monthly
Monthly
Monthly

2.5 deg
2.5 deg
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2002-Pres
2003-2006

2000-2006
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Global Precipitation Climatolog

Merged satellites with gauge
2.5° spatial resolution
monthly rain rate

Also 1-degree daily(1DD)
1979-2009 (monthly)
1997-2009 (1DD)

sPCP Monthly Mean Precipitation Rate {mm /day)
Time: 1/2005

http://cics.umd.edu/~yin/GPCP/main.html



Satellite Products

Merged satellites,

CPC-Merged Analysis of Precipitation (CMAP)

: BF
numerical model £l
predlctlo_ns and gauge H:
observations 8T

5

2.5° spatial resolution

90°S  &0's =S
T T T

monthly total rain

11 L1 L1 L1 11
o 30°E @0°E 9E 120°E 150°E 180" 150°W 120°W 90°W e0W B0°W o’
Longitude

Also 5-day total R M
1979-2011

http://iridl.Ideo.columbia.edu/
SOURCES/.NOAA/.NCEP/.CPC/.Merged_Analysis/.monthly/.latest/.ver
2/.prcp_est/



Satellite Products

TRMM

For Daote From 2008/01/01 TC 2006/02,/01
MNote: This browse imaoge shows monthly accumulated surfoce rainfall (mm) at 0.5 degree resolution,
while its correspending datao file contains monthly rain rate {(mm/hr) ot 0.25 degree resolution.

- Active and passive microwave instruments

- 0.25° spatial resolution http://disc.sci.gsfc.nasa.gov/data/datapool/ TRMM/
01 Data_ Products/02_Gridded/
- monthly total rain 07 _Monthly Other _Data_Source 3B 43/index.htmi

- Also 3-hourly
- 1998-current



Satellite Products

RFE

- Merged satellites and gauge

- 0.1° (11 km) spatial
resolution

- Daily total rainfall
- RFEL1: 1995-2000
-  RFEZ2: 2002-current
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NOAA CPC FEWS—NET Rainfall Estimate (mm):
based on Satellite and Rain Gauge Data
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Rainfall Products available on IRIS Web Site

http://iris.ccnmtl.columbia.edu/
myresearch/rainfall_2.html

Introduction Rainfall

Identify the Problem

Find Data Sources Global Precipitation Climatology Project (GPCP)

® GPCP combines the precipitation information available from each of several sources

o Temperature into a final merged product, taking advantage of the strengths of each data type. The

o Negebtion microwave estimates are based on Special Sensor Microwave/lmager (SSM/I) data
from the Defense Meteorological Satellite Program (DMSP, United States) satellites

Analyze the Data that fly in sun-synchronous low-earth orbits. The current products include global

Method monthly 2.50 and daily 1o rainfall estimates. The monthly data extends from 1979 to

Guidelifies current, while the daily product is from 1996 to present. Both products are made

available with some time delay.
Submission



Validation of Rainfall Products

Validation:
Comparing Rainfall Estimates
with

Rain Gauge Data



Validation of Rainfall Products

Africa 30 Arc Second
Digital Elevation Model

Source: Digital Chczllrt of the World
an
Digital Terrain Elevation Data

Elevation (meters)

<0
I 200
I 400
[ 600
[ s00
1 1000
I - 2000

U.S. Geological Survey
EROS Data Center



Validation of Rainfall Products

- 120 Stations used

- Gauge data gridded using
Climate Aided Interpolation

- Kriging for
interpolating the means

42 43 W4 45 46 47 4

Topography and distribution of gauges. The four 2.5
degree boxes are used for at 2.5 degree resolution,
and the number of gauges in each box is given.,
Stations in the larger box is used for validation at 1-
degree resolution.



Validation of Rainfall Products

Monthly at 2.5-degree

400
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Validation of Rainfall Products

The following statistics were used to evaluate the accuracy of
the rainfall estimate products to retrieve rainfall:
coefficient of determination (R?), mean error (ME),
standard deviation (Stdv), root mean square error (RMSE),
mean absolute error (MAE), and bias.

ME = %Z (G—-R)

Y (G-RY
:\7

RMSE = \/

MAE = %Z\ (G-R)|

ZG
YR

Where R = reference rain gauge observation, G = rainfall estimate product, and

N = number of data pairs. ME and MAE are in mm while R?, Stdv, RMSE and
Bias are unit-less.

Bias =



Validation of Rainfall Products

Satellite[mm]

Monthly at 2.5-degree

. GPCP_SG
x CMAP

- TRMM_3B43

0 50 100 150 200

Gauge[mm]

Data: 1998-2004

300

350

400

GPCP CMAP 3B43

N =360

CC 0.92 0.92 0.92
Bias 0.80 0.91 0.92
ME -30 -12 -12




Validation of Rainfall Products

Monthly at 2.5-degree

Rain[mm]
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Validation of Rainfall Products

10 Days at 1°x1°

Satellite[mm]

Satellite[mm]
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10-day @ 1°x 1°

CMORPH

100 150 200

100
Gauge[mm]

150 200

N=306 | 1DD 3B42 TAMS CMO
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Bias [0.77 094 0.86 0.98
ME |16 -4 -9 -1




Validation of Rainfall Products

Daily @ 0.25-deg | RFE PERS |NRL |3B42 3B42RT | CMORPH

CC 0.26 040 036 0.39 0.37 0.32
Bias 0.60 154 085 084 0.83 0.91

10-Daily @ 1 deg  RFE 1DD | 3B42T | 3B42 TAMSAT | CMORPH

CC 066 071 072 0.72 0.79 0.83
Bias 055 072 095 0.87 0.93 0.98
Monthly @ 2.5-deg GPCP CMAP  3B43
CC 0.92 0.92 0.92

Bias 0.80 0.91 0.92




Improving Rainfall Estimates

Calibration:
Integrating Rainfall Gauges
within

Rainfall Estimates Derived from Satellites



RFE

Improving Rainfall Estimates

Latitude

T : T |
42 44 46 48

Latitude

Comparison of rain gauge data (A), satellite estimates (B), gauge-only gridded
products(C), and combined gauge-satellite product (D), over Ethiopia for 7 July

2003. All products have spatial resolution of 0.1° lat/long



Ethiopian Meteorolog

" NMA..

MNdwd-T TLLEPCHAB. hWETOL
\TIONAL METEOROLOGY AGENCY

Climate Analyses and Applications Map Room

http://www.ethiomet.gov.et/

IRainfall and temperature time series (1983-2010)
reconstructed from station observations and remote
sensing proxies. This interface allows users to view
rainfall, maximum and minimum temperature
climatologies and anomalies.

- | [This 1s a rainfall-monitoring product based on dekadal

rainfall. The interface allows users to view recent

. |rainfall with a seasonal and recent historical

Z [perspective. Time series analyses of rainfall data are
generated based on user-selected parameters.




Remotely-Sensed Products

Temperature



Air Temperature

Land surface temperature retrieval from
Satel I |te Thermal IR sensors

Longwave radiation

/E‘missivity
-

Shortwave radiation at ground converted in heat (longwave radiation)

Land surface (skin) temperature (LST) retrieval from thermal
infrared sensors on board geostationary or polar orbiting satellites



Temperature (celcius)

Eritrea - Asmara
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Air Temperature

Comparison between MODIS Day LST and max air T
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Air Temperature

Minimum Air Temperature maps from MODIS Land Surface Temperature at night
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Remotely-Sensed Products

Vegetation



Vegetation

| 4— o —p !
Visible Infrared
spectrum

100%
10% 50%

Chlorophyll absorption Multiple-scattering at leaf level

Red Channel Near Infrared Channel



Vegetation

| 4— o —p !
Visible Infrared
spectrum

10% 50%
30%

Chlorophyll absorption Multiple-scattering at leaf level

Red Channel Near Infrared Channel



Vegetation Index: NDVI

* Inthe Red channel:
Low reflectance values = Strong chlorophyll
absorption = green vegetation

e Inthe NIR channel:
High reflectance values = High quantity of biomass

 Normalised Difference Vegetation Index
NDVI= (NIR-Red)/(NIR+Red)



Vegetation

139.99889N | g
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Data Library

Locusts

Local
Regional

Local

eviEAF
eviSWAS
eviWAF
locustprcp
ndviEAF
ndviSWAS
ndviWAF

help@iri

Printable Page

Observations

for | 11km ¥|3796357E |[332904N |
38E, 3.3N |  Generate newtime series |
~11x11 km
a) NDVI from most recent 12-month period b) Multi-year NDVI comparison
P T) I - W TR R A O] G P | FR P A O LA LAR LR R RN LARRARRRERRE IRERARRRRRRR RERI RN
2005
— E - —— 2006 -
— 2007
T 7] _ [ = 2008 A
2 | 1| B
z zZ
L . . ot o a
o o
et 4+ 4+ 1o by b T Q Contlonbevebvondve e b veehver breeahreibng =l
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Aor Jul Oct Jan Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nowv Dec
2007 2007 2007 2008 200620062006 20062008 20062006 2008 200620062006 2006

Data in this graph
Data from Feb 2003 to present

Description

a) 16-day Normalized Difference Vegetation Index (NDVI) for the selected region during the most recent 12 month
period.

b) Same as (a) for the current calendar year (thick black line), as indicated by the axis labels. NDVI estimates
from previous years are also shown (blue: -1 yr from present; magenta: -2 yr from present).



NDVI Stud

(NIR-Red)/(NIR+Red)

Linear (NDVI 0)

— ——-Linear (NDVI 0.10)
— — —-Linear (NDVI -0.10)
— — —-Linear (NDVI 0.20)
o Linear (NDVI 0.70)
- Linear (NDVI 0.80)
o Linear (NDVI 0.90)

NIR channel

0 '.i“( T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100

Red channel



NDVI Study

(NIR-Red)/(NIR+Red)

NIR channel

vegetation

sparse vegetation
bright soils

dark soils

Linear (NDVI 0.00)

I - Linear (NDVI 0.10)
I - Linear (NDVI 0.20)

Red channel




NDVI example

NDVI shows the presence of vegetation

. . . . 0.14 0.16 0.20 0.30 0.40 0.60
when there is no vegetation in the field




NDVI example
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Remotely-Sensed Products

Water Bodies



Hue as a Qualitative Index

The various land cover types have specific ranges of Hue

N e 20" ,t‘

Temporal variations of Hue can be interpreted as a change of land cover type



White Nile —*




To Obtain Images....
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Today, Images are available via Internet ...

Google Earth, Google Map...

© 2007 Europa Technologies pp— .
Image © 2007 TerraMetrics : ‘ [ p
Image © 2007 NASA 008 e

Pointer 0°00'00.00" N 0°00'00.00" E ing |[I[1{1II| 100% Eye alt 10323.78 mi




Today, Images are available via Internet ...
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es are available via Internet ...

5 MODIS Image Download Tools - Microsoft Internet Explorer

File Edit Yiew Favorites Tools Help

GBack + =& - (D 2] A | Qoearch GaFavortes Pveda (4| 5N S vl - H v &
Address @ http://iridl.Ideo. columbia.edu/maproom/.Food_Security/ Locusts/ .Regionalf MODIS]
Google[!Cv ij (o™ I 7 Bookmarks~ IQI Popups okay | " Check v\ Autolink v - AutcFil (e Sendtov

Y_' v Qvl _'_l Search Web Ivlﬁv @']v I C=dmal ~ @My Yahoo! @HotJobs v &Games v &) Music ~ @Answers + & Personals ~ &Sign In|vl

MODIS Image Download Tools

Data

Library MODIS Image Download Tools are available for the regions shown

—_— below. Please click on your region of interest.
Regional

Dekadal
Rainfall

EVI
MODIS

Rainfall
Analysis Tool

MODIS

East Africa
Southwest
Asia
West Africa

help@iri

Printable
Page
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