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General Background

* Increasing public concern over the Earth, its environment and mankind’s impact on
it. Both regional and global:

* Global concerns over Climate Warming, Ozone Depletion, Tropospheric
Pollution, E1 Nino, etc.

* Regional concerns over Sea Level Change, Fires in South East Asia,
Floods in Europe, Droughts in the USA, etc.

* Establishment of the Intergovernmental Panel on Climate Change (IPCC) to advise

on state of knowledge - reports highlight general lack of knowledge in many crucial
areas.

e International research initiatives include the establishment of the World Clim ate
Research Programme (WCRP) and the International Biosphere/Geosphere
Programme (IG/BP).
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General Background (2)
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ESA’ Living Planet Programme
The Underlying Rationale

The need to address public concerns about the Earth, its environment
and mankind’s impact on it.

The Earth is a com plex (and evolving) system which is not properly
understood.

Data required to improve knowledge of the processes involved, to
develop and validate models.

Space has a role to play in the helping to ensure the provision of the
requisite data.
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The Earth System Model - key modules

Modeling & Assimilation

\j

generate accurate state
and prediction
of the Earth System
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Earth System Models (1)

Understanding of the Earth will improve by the development and claboration of
global Earth System models which describe:

the evolution of the state and composition of the atmosphere
* the physical state of the ocean and cryosphere

* the physical state of the top few metres of soil and dynamical
interactions with the Earth’s interior

* the physical state of terrestrial vegetation

* the key bio-geochemical cycles which in turn require the representation
of terrestrial and ocean biota

| |
Exploring the Atmosphere by Remote Sensing Techniques

22 October 1999, Trieste, ltaly



L

ESA’ Living Planet Programme

Natural Hazards and Applications
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ESA’ Living Planet Programme
The Hierachical Set of Earth System Models
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Earth System Models (2)

The formulation of these models is difficult, especially as nonlinear nature of the
processes involved. Requires simultaneous progress in three different areas :

. Area 1 - to identify and increase understanding of the various
processes involved to the point where they can be represented in
models.

. Area 2 - to extend the existing hierarchy of Earth System models to

include these processes.

. Area 3 - to ensure the provision of the relevant data for use in these
models to help address the issues highlighted above.

The provision of observations from space is of fundam ental importance.
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The Overall Approach: The Four Themes

Four major interdisciplinary themes identified, each of which may encompass
phenomena in several of the regimes:

. Theme 1 - the Earth interior

. Theme 2 -the physical climate system

. Theme 3 - the geosphere-biosphere

. Theme 4 - the anthropogenic influences on the atmospheric and

marine environm ent

Between them these four Themes span the full Earth System and recognise the
need for the detailed treatment of interactions between the various regimes.
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ESA’ Living Planet Programme

\\\\k Links between the Themes and Elements of the Earth System
THEMES
THEME 1 | THEME 2 THEME 3 THEME 4
COMPONENTS EARTH | PHYSICAL GEO- ANTHROPOGENIC
INTERIOR | CLIMATE | BIOSPHERE IMPACT
STRATOSPHERE v v v
ATMOSPHERE ,
TROPOSPHERE v v v
EARTH LAND v v v v
SURFACE | ocean v v v v
EARTH INTERIOR v v v
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The Earth Explorer Missions (1)
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Means of addressing objectives (see ESA SP-1227)

 Regular flight opportunities funded under the Earth Observation Envelope
Programme

* Objectives of Earth Explorer Missions - research and development focussing on
specific topics/techniques

« Two complementary types of Earth Explorer missions, namely:

Earth Explorer Core Missions - larger research/demonstration missions led by
ESA.

Earth Explorer Opportunity Missions - smaller research and demonstration
missions not necessarily ESA led.

 Complemented by Earth Watch - thematic pre-operational missions focussing on
specific emerging Earth Observation application areas
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The Four Themes

Theme 1 - Earth Interior

*  Marine Geoid and its Impact on Ocean Circulation
*  Gravity Field and Earth Interior Processes
*  Magnetic Field and Earth Interior Processes

*  Geodesy
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ESA’ Living Planet Programme
The Earth as a Dynamic System
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\\\\\\\\ Theme 1 - Earth Interior
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ESA’ Living Planet Programme

Theme 2 - Physical Climate
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\v es The Physical and Biophysical Systems |
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The Four Themes

Theme 3 - Geosphere/Biosphere

 The Energy and Water Cycles
* The Bio-Chemical Cycles

* The Productivity of Different Ecosystems
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ESA’ Living Planet Programme
The Earth Model - Links
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ESA’ Living Planet Programme
Theme 3 - Geosphere/Biosphere

~ Climate Change, change
-of carbon reservoirs

}

_ Changes of: water balance, sea
level, ocean and land biomass,
land cover, loss of biodiversity

fime

Medium Term Processes : lL.ong Term Processes
(seasonal to interannual) : {decadal to centennial}
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~ The Four Themes

Theme 4 - Atmosphere and Marine Environment: Anthropogenic Impact

. Changes in Atmospheric Composition Induced by Human Activity
. Chemical Processes in the Stratosphere and Upper Troposphere

. Marine Polution
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ESA’ Living Planet Programme
Chemical Interactions at the Surface
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\&w Theme 4 - Anthropogenic Impacts |
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The Earth Explorer Missions (1)

Means of addressing objectives (see ESA SP-1227)

Regular flight opportunities funded under the Earth Observation Envelope
Programme

Objectives of Earth Explorer Missions - research and development focussing on
specific topics

Two complementary type of Earth Explorer missions, namely:

Earth Explorer Core Missions - larger research/demonstration missions led by
ESA

Earth Explorer Opportunity Missions - smaller research and demonstration
missions not necessarily ESA led

Complemented by Earth Watch Missions - thematic pre-operational missions
focussing on specific emerging Earth Observation application areas
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¢
Q\\l The Earth Explorer Missions (2)

= L l

» Earth Explorer Core Missions:

Granada I (May 1996) - presentation of 9 missions for Phase A Study: 4 selected for
Phase A study

Granada II (October 1999) - presentation of 4 missions for Phase B Study and
implem entation: 2 to be selected

* Earth Explorer Opportunity Missions:

First Call for Propesals (July 1998) - 27 proposals submitted: 5 missions
recommended in order of priority by the Earth Sciences Advisory Committee for

implem entation (April 1999): recommendations endorsed by the Programme Board
for Earth Observation

* Cyclic selection process; further Calls and consultation m eetings planned

* Information on <http:/www.estec.esa.nl/explorer/>
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The Earth Explorer Missions (3)
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es The ESA Living Planet Programme
The Earth Explorer Core Missions

Four candidate missions have been subjected to Phase A studies:

. Gravity Field and Steady-State Ocean Circulation Mission
. Earth Radiation Mission

. Land-Surface Processes and Interactions Mission

. Atmospheric Dynamics Mission

All four will be presented during the Granada II meeting: following Granada I1
two will be selected for im plem entation
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e s a The Earth Explorer Core Missions
Gravity Field and Steady-State Ocean Circulation Mission (1)

Ice Sheet Melting

W tong - aaial. TIME SCALES - - - -~ - - - ~short A
Earthquakes & & E=-X Thermohaline
volcanic activities A IR B

. ocean circulation
| & heat transport

Global unification Sea level change

of height system
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\Q\\fﬁ; Gravity Field and Steady-State Ocean Circulation Mission (2)

e

TR

The Mission objectives are:

* determine the Earth’s gravity field with an accuracy of
1 mgal (1 mgal = 105 m/s?)

* determine the geoid (= equipotential surface for a hypothetical ocean at rest)
with an accuracy of 1 cm

» achieve this at length scales down to L = 100 km
(degree and order 200)
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The Earth Explorer Core Missions
Gravity Field and Steady-State Ocean Circulation Mission (3)

I
GPS - satellites
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i\\\\;\? Gravity Field and Steady-State Ocean Circulation Mission (4)
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\\\ The Earth Radiation Mission (1)
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Scientific Objectives

The ERM has been specifically detined with the scientific objective of determining
world wide the vertical profiles of cloud and aerosol ficld characteristics to provide
basic (and essential) input data for numerical modelling and studies (on a global
scale) of: |

the divergence of radiative energy

» aerosol-cloud-radiation interaction

the vertical distribution of water and ice and their
transport by clouds

the vertical cloud ficld overlap and cloud-precipitation
intcractions

These objectives are the result of joint Japanese - European discussions
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The Earth Radiation Mission (2)

Instrument Performance

*Lidar
— very sensitive for clouds and aerosols but attenuated by clouds
— gate-by-gate correction of attenuation unstable
*Radar
— good for ice clouds - potential synergy with lidar?
*Multi-Spectral Imager
— can provide horizontal structure
*Broad Band Radiometer

— c¢an provide TOA radiance constraint
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Radar/Lidar Synergy in Ice Clouds

Altitade k]

The Earth Explorer Core Missions
The Earth Radiation Mission (3)

Radar/Lidar Retrieval - Example (1)
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\\ The Earth Radiation Mission (4)

Radar/Lidar Synergy
Effect of Separation - Cloud Variability

Lidar

Radazr

* fce Clouds have lots of
structure:

* lor a co-location error of just
2 km the ratio of the radar
reflectivity to the lidar
backscatter leads to
unacceptable errors.

* Time separation below around
10 seconds has no significant
impact on radar/lidar synergy.
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\\\\%—: The Land Surface Processes and Interactions Mission (1)

The prime objectives of this mission is to:

« increase the understanding of biophysical processes and land/atmosphere interactions at the local scale
« advance understanding of these interactions, on a global scale.

g
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# : Atmosphere

o CO, O, N Fluxes p Energy/Water Fluxes

1 > Temperature, Precipitation,

e Water Vapour, Radiation,

Trace Gascs
1ot GCM’s and global land
surface processes models
Biophysics
1% 7z ~ Biochemistry Speciral Alhedo, Roughness,
/ upscaled land > Chemical Composttion Canopy/Soil Temperature,
i surface processes Soil Moisture, APAR
10°
Ecosystem State
10 —-—-——» Structure (leaf area/angle distrib.},
Production/ Composition/Diversily Microchimate
Decomposition
Minute  Hour  Day Week  Year  time seale
Scaling context of Land Surface Processes Biospheric Interactions and involved Process Variabes
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\i\\ﬁ:“? The Land Surface Processes and Interactions Mission (2)

. Atmospheric Passive VIS/NIR/SWIR . Synthetic |
. VIS/Ir/m-wave Microwave spectrom eter/ . Aperture
Sounders LD Radiometer TIR radiometer ... .Radar
Biochemistry < Ecosystem State
I
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The Earth Explorer Core Missions
The Land Surface Processes and Interactions Mission

SAR and Optical Spectroradiometer Data in \
Aggregated Models of Surface Processes

/ SVAT-Models \
(e.g. PROMET, SWACROP )

as driver far synergetic data utilization

[ Parameters and variables: Purpose: coupling of energy-, water-, and
Remote Sensing Data (colors = potential data sources) carbon-fluxes at the land surface
SAR
C-band s e S
sradiation'components, o pere €
temperature, humidity,
wind velocity

Model - results
at a regional scale:

Vegetation
Data Fusion and

water budget
biospheric productivity
agricultural production

Ground and ancillary
Cata

"
1

R
R
! ?f )
#8oil moist BRI
soil hydrli properties, _ Sail H,

soil rouBEERE e
ground water level,

e.g. meteorological data
slevation model
soil data

i |
Exploring the Atmosphere by Remote Sensing Techniques

22 October 1999, Trieste, Italy



\Kk‘\&\kw
%\k\\\& ______ e s a The Earth Explorer Core Missions
\\\ The Land Surface Processes and Interactions Mission (3)

The preliminary ranges for the PRISM performance parameters are:

Spectral range: 450 nm - 2350 nm at < 15 nm spectral sampling interval (spectral
absorption features of vegetation and soils)

8 - 8.5 um, 8.6 - 9.1 surface temperature (vegetation and soils)

Spatial sampling : around 50 m
Swath width: around 50 km
Pointing: across track depointing capability of about = 30° for global access and

BRDF measurements
along track pointing +70, £60, 45, 0 degrees for BRDF measurements

Data transmission: Possibility of selection of bands tbd.(40 to 60 bands per scene), also
for data reduction
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\Xﬁ The Atmospheric Dynamics Mission (1)

« ADM objectives

— Improve understanding of atmospheric dynamics and global atmospheric
transport

— Improve understanding of global cycling of energy, water, aerosols,
chemicals
« How is this achieved?

— Improved analysis of the atmospheric state to provide a complete three-
dimensional picture of the dynamical variables

 What are the benefits?
— Improved parameterisation of atmospheric processes in models
— Advanced climate and atmospheric flow modelling
— Better initial conditions for weather forecasting

f |
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The Atmospheric Dynamics Mission (2)

Observational Requirements
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\\ The Atmospheric Dynamics Mission (3)

Space-Borne Doppler Wind Lidar
Operating principle:
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The Atmospheric Dynamics Mission (4)

Mission Elements

Observalions

| G'I'oba! Observing

System (GOS) Analysis

Level 1
Lavel 2 Level 4

#Level 1

Atmosphenc
St "kg, et

The Doppler Wind Lidar is the main innovation
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The Earth Explorer Opportunity Missions (1)

2 —
i

//

CRYOSAT

* For observing the ice sheets and sea
ice to conduct research concerned
with sea level rise and the role of
fresh water in the climate system.

* Advanced microwave altimeter
exploiting SAR and interferometric
techniques in Ku-Band

¢ Selected for Phase A/B Study;

| I
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\\BEX The Earth Explorer Opportunity Missions (2) |

SMOS - Soil Moisture and Ocean
Salinity Satellite

* To observe ocean salinity, soil
moisture, sea-ice and snow cover
for meteorological, climatological,
hydrological, oceanographical and
glaciological studies.

* A passive microwave radiom eter
exploiting SAR and interferom etric
techniques at 1.4 GHz.

* Selected for extended Phase A
Study

I I
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The Earth Explorer Opportunity Missions (3) |

5
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ACE - Atmospheric Climate
Experiment

. For monitoring temperature
and water vapour in the lower
stratosphere and upper
troposphere for climate change
research.

. Exploits the global satellite
navigation systems to measure
refractive index.

. Selected as the “hot” spare;.
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Overall Schedule

L ]
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The ERM has been specifically defined with the scientific objective of determining
world wide the vertical profiles of cloud and aerosol field characteristics to provide
basic (and essential) input data for numerical modelling and studies (on a global
scale) of:

« the divergence of radiative energy
e aerosol-cloud-radiation interaction

» the vertical distribution of water and ice and their
transport by clouds

« the vertical cloud field overlap and cloud-precipitation
interactions

These objectives are the result of joint Japanese - European discussions

The Four Candidate Earth Explorer Core Missions Consultative Workshop $3
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Lidar
— very sensitive for clouds and aerosols but attenuated by clouds
— gate-by-gate correction of attenuation unstable
*Radar
— good for ice clouds - potential synergy with lidar?
*Multi-Spectral Imager
— can provide horizontal structure
*Broad Band Radiometer

— can provide TOA radiance constraint

The Four Candidate Earth Explorer Core Missions Consultative Workshop S48
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& e Geo-physical Parameters Retrieval
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o . Geo-physical Parameters Retrieval
: e S a Radar]/Lidar Synergy ERM

Effect of Separation - Cloud Variability
Lidar

- _i:

Ice Clouds have lots of
structure:

Both !

For a co-location error of just
2 km the ratio of the radar
reflectivity to the lidar
backscatter leads to
unacceptable errors.

Time separation below around
10 seconds has no significant

impact on radar/lidar synergy. Time
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Introduction '
What is the ADM ? ADM

* ADM objectives

— Improve understanding of atmospheric dynamics and global atmospheric
transport

— Improve understanding of global cycling of energy, water, acrosols,
chemicals
e How is this achieved?

— Improved analysis of the atmospheric state to provide a complete three-
dimensional picture of the dynamical variables

* What are the benefits?
— Improved parameterisation of atmospheric processes in models
— Advanced climate and atmospheric flow modelling

— Better initial conditions for weather forecasting
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Mission Requirements
e S ADM Observational Requirements AD M
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Mission Requirements
The Mission Elements

Global Observing
System (GOS)

In-situ observations
- E.g. radiosondes

Observations

——

" Atmospheric | Level1
evel 2

Level 4

The Doppler Wind Lidar is the main innovation

Atmaospheric
Studies and other

The Four Candidate Earth Explorer Core Missions Consulfative Workshop
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Scientific Justification: Proposed Solution
A Spaceborne Doppler Wind Lidar (DWL) I ADM

Operating principle:

Received signal

iow altitude &
Cirrus ground echo

: cloud ‘
im'“e“ ; Spacecraft & Earth  Received signal |
ser i e Doppler shift Wind .
— e compensated by nl h
Time L yaw slesring bandwidt
~ Emitted
f laser :
Horizontal . e
wind
« Tw T oo~ Toe = Atmosphere

laser line-of-sight Earth
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