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Using satellites to study vegetation

Advantages Disadvantages

e Can cover large areas quickly  Satellites don’t observe many
(especially remote or non- vegetation attributes directly
instrumented areas) (proxies and modelling)

* Cheap * Need calibration and ground

- Repeat observations truthing to know accuracy

e Often misapplied and

* Diverse and powerful and ever- e
misinterpreted by casual users

evolving methods

e Data volumes
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Vegetation attributes

Physical Functional

» Leaf/foliage area e Water flux (transpiration)

e Albedo e Carbon flux (photosynthesis)
* \Vegetation/cover type e Heat flux (temperature)

* Height and strata

e Biomass (woody and fine)
* Species/communities

e Health (disease, stress)

* Production (yield) - sy SRV LV e
° I Crop Desert Shrubland Woodland Wet forest
Leaf ¢ h em ISt ry Bare Grass/pasture Mallee Dry forest Rainforest
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What can satellites ‘see’?
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What can satellites ‘see’?

Radio and microwaves

Measure strength, phase and timing of returned signal
of emitted waves

Waves interact with objects with high dielectric
properties (like rock, concrete, metal, water) 1l

!

Can pass through smoke and cloud

Wavelength determines the size of object detected

Used to detect surface features and their heights % % %
(ground, sea, waves, ice, floods, buildings)

For vegetation, returns can be correlated to

* biomass |

e structure (height, horizontal and vertical density) Xband (~3cm)  Cband (~6cm) Lband (~25m)
* soil water

Not penetrate Almost penetrate  Penetrate

aaaaaaaaaaaaaaaa

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘




(a) Annual mean vegetation optical depth (VOD) . e e e
120° W 60° W o 50° E 120° E Forest Change in Borneo [rembtstoptmoml
o - - -8.36%/5 years
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What can satellites ‘see’?

Thermal

Surface temperature (of the land
surface or whatever is covering it)

Heat extremes

Evaporation and transpiration
- plant water stress

- irrigation rates

- productivity and yield

- disease

- fire risk
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What can satellites ‘see’?

160 -

Active optical

140 -

Active optical sensors are lidar systems that emit
radiation from a laser (visible or infrared), and 120 -
detect time of return (and hence distance)

100

Coverage from satellite-borne lidar sensors is 510640 510‘660 510‘680 510‘700 510‘720 510‘740 510‘760
patchy and low resolution (> 10 m laser footprint)

Canopy Height (m)
® Om-5m
5m-10m

Processed and interpreted generally in the same SR
way as airborne/drone and terrestrial lidar

Lidar is proving to be far more important for
mapping vegetation structure and biomass in
Australian compared to radio/microwave.




What can satellites ‘see’?

Passive optical

Passive optical sensors detect visible and near
infrared radiation reflected from the land surface

These rely on solar radiation being reflected, and
detect differences in reflectivity (‘colour’)

Day time only; sensitive to cloud, smoke, and other
aerosols, and to sun angle

Interpretation relies on identifying differences in
reflectance at specific wavelengths (‘indices’) and how
these relate to surface object properties

That is, very few vegetation attributes can be directly Le Google
observed from satellite — it’s a game of proxies




Visible Near Infrared

What can satellites ‘see’? o ot s St P e o

70

£ o Chiorophyll et b
? : . . g Absorption o
Vegetation indices (...deep sigh) £ o Y
: 40 :r'g hR:t::t:n’:rﬁle //
Primarily based on the contrast between high and low - . *
reflectance features, which (hopefully) relate to some real +— Red Edge
vegetation property, e.g.: 2"
_ IOred . J\J
Slmple RatIO pis reflectance 004 06 08 1 12 14 16 18 2 22 24
Pnir I Wavelenath (um) o

Wavelength (um)

Plethora of vegetation indices, most of which are

variations of greenness indices, and most have no MTCI VAR

biophysical basis DVI
avi GEMI CRI Renpvi

Uncritical and uninformed use of VIs. Most analyses are MgRﬂ_MSAVl NDMIwn
data trawls (statistical or, worse, ML) looking for EVI MCAR' NDRE Xy
correlations with something. ARVIE SAVI E’ﬁ OSISR

s the original and st - i NDWILE ADWI gxipyies
The NDVI is the original and still the best greenness index NDSI CR| = GNDVINpE!
(by far). More on the NDVI later. o a5 REIPw sara, NDGI OR2

Word Size = Relative Usage Frequency
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Satellite orbits and monitoring capability

Low Earth Orbit (LEO)
* Highest resolution (<1 — 1000 m)

* Narrow swathe (1 — 14 days for
full Earth coverage)

* Variable overpass repeat times
(daily — fortnightly)

27 500 km/h
99 minutes

Unavoidable trade-off between resolution
and repeat time:
Higher resolution — narrower swathe — slower repeat

5
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Satellite orbits and monitoring capability

Mid Earth Orbit (MEO)

e GPS and communications
satellites

20 000 km

19 900 km/h
~12 hours
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Satellite orbits and monitoring capability

Geostationary Orbit (GEO)
* Low resolution (1 — 50 km)
 Full Earth disc

* Continuous acquisition 22000k

* e.g. weather satellites

Coarse resolution but incredible temporal 11 100 km/h
frequency (10 minutes) 24 hours
Wi tern NCRIS
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Which is more important for monitoring —
resolution or repeat?

MODIS (daily, 250 m) Landsat (fortnightly, 25 m)

80+ 80+
60 60
40 40
20 20
0% 0%
0 1 2 3 0 1T 2 3

250 m tree foliage cover 25 m tree foliage cover
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0.9

0.8
Which is more important for 07
[ ] [ ] [ ] 05
monitoring — resolution or repeat?
0.3
0.2
Number of data gaps in seasonal fractional cover data 0.1 Fortnightly (from 250 m dally data)
. . 0
High resolution 0.9
imagery (< 100 m) is 0.8
great for monitoring 0-7
phenomena with low gi
temporal dynamics 0.4
(> year) 0.3
0.0 Monthly (from 30 m weekly
But it is truly horrible 0.1 data in a cloud-free region)
0
for monitoring 0.9
phenomena with high g";
temporal (< seasonal) 06
dynamics 0.5
...... (depending on 0.4
Out of 41 seascns . 0.3
40 cloudiness) 0.2 Quarterly (from 30 m weekly
0.1 data in a cloudy region)
0

2001 2001.5 2002 2002.5 2003 2003.5 2004



Hyperspectral vs multispectral

Hyperspectral imagery
provides amazing spectral
detail (good for identifying
species, chlorophyl
concentration etc)

But the data volumes are
HUGE and limit imagery
acquisition to small areas
and/or infrequent repeat times

Reflectance (%)
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Sentinel-2 multispectral bands (0.02 — 0.18 um bandwidths)
B G R1R2 NIR SWIR1 SWIR2

/

Hyperspectral
0.0025 um
bandwidth

Wavelength (um)
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Greenness indices

Frequency plot of
Australian R and NIR
reflectance

The classic ‘cover
triangle’ first noted in the
1970s

NIR reflectance (%)

Red reflectance (%)
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Greenness indices

NIR reflectance (%)

Red reflectance (%)

Bare soils reflect approximately equal R and NIR
reflectance

This is the ‘soil line’, which theoretically
represents bare soil
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Greenness indices

100 - 08 0.0 The more leaves that cover the ground, the

1 , /m)ﬁn/ej/ed : relatively more R is absorbed

80 1
S 5 02 There’s a maximum red edge that represents
S 001 a full canopy (100% foliage cover)
3
=
5 40
=
Z.

20 1|

Red reflectance (%)

7
% tern NCRIS 1
aaaaaaaaaaaaaaaa
Ecosystem Research Infrastructure



NDVI isolines

i \O 4\A 0.2

100 - 0{-.8 / 0.6 : Ny 00 Normalised Difference Vegetation Index (NDVI)

NDV] — pNIR _pR
P T Pr

Data spaceis-1to 1l

Land surfaces range from ~0 to 1

That this is a difference ratio is important,
because this minimises numerous errors
(viewing angle, shadow etc)

Red reflectance (%) Is a relative index (not biophysical)...but is

linearly related to foliage cover

NIR reflectance (%)

Rouse et al. (1974) Monitoring the vernal advancement and retrogradation (greenwave effect) of natural
vegetation. Report number NASA/GSFC Type Il Final Report, Greenbelt.
Tucker (1979) Red and photographic infrared linear combinations for monitoring vegetation. RSE 8(2), 127-150. . gy seiir - NULRIS
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Foliage cover e
NDVI can be approximately converted to foliage cover o
according to .

B NA

P NDVI-NDVI . F = foliage cover (fraction)
= — NDVI,,. = minimum (soil) NDVI
NDVIL,,, —NDVIL, NDVI,, . = maximum NDVI (dense, full canopy)

|
120°E

Soil NDVI (NDVI_..
measurements show it varies between 0.05 and 0.4 but averages 0.2

Maximum NDVI (NDVI ..
maximum value in locations known to have full, dense canopies

Asrar et al. (1984) Estimating absorbed photosynthetic radiation and leaf-area index from spectral reflectance in wheat. Agronomy Journal 76, 300-306.
Carlson and Ripley (1997) On the relation between NDVI, fractional vegetation cover, and leaf area index. Remote Sensing of Environment 62, 241-252.
Montandon and Small (2008). The impact of soil reflectance on the quantification of the green vegetation fraction from NDVI. Remote Sensing of Environment, 112, 1835-1845.

| L |
130°E 140°E 150°E

) is very difficult to know without field measurements. Lab

) can be derived by interrogating your NDVI image stack to see the

10°S

20°s

30°S

40°S



Greenness and leaf cover

Foliage cover fraction 5
Is the fraction of ground that is covered (from vertically LAI
above) by green foliage. Ranges between 0 and 1. 4.
Fraction of absorbed PAR (fPAR) Foliage Cover
Is the fraction of incoming photosynthetically active '{g\ 3
radiation (PAR; that is, visible light) absorbed by foliage. %
~ foliage cover x 0.95 (leaves reflect ~ 5% PAR). = o
Enhanced vegetation index (EVI)
Absolutely no idea 15
Leaf Area Index (LAI)
Is the ratio of (one-sided) green leaf area to the 01 02 03 04 05 06 07 08
underlying ground area. Units are m?/m? (i.e. unitless) NDVI

and values range between 0 and 15 (and above).
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Honourable mention Vs Fractional cover from NDVI & CAl

Green cover  litter cover  bare ground
. ] fracti + fracti + fracti =1

Cellulose absorption index (CAl) raction raction raction
Cellulose has an absorption feature at 2.1 um

b R < Litter
| T-ol 21 ?'2. — (photosynthetically inactive
P 04 vegetation)

A .
i | Resiae - - Green foliage
LA : CAl = Prot Pas —p,, O f “~ (photosynthetically
A ' o active vegetation)

AN “nae 03 2

° Non-vegetated (bare)

»
»

Guerschman et al. (2009)

\

.
i/// T
Reflectance

g—h

j NDVI
0.2
e A Describes the relative abundance Applications
L] s;;:?;:ion: of dead fOI'_age (no chlorophy.ll). Bare ground (erosion, dust potential)
Ll ol 1T, and other litter, and how dry it is Grass curing
20 22 24 Land condition/disturbance

Wavelength (um) ) , . ,
Vegetatlon nativeness

Daughtry et al. (2005) RemSens / s
4 tern NCRIS 8
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Honourable mention Vis

Solar-induce fluorescence (SIF)

When photosynthesising, leaves emit a little bit of red &
NIR light

It is very small (0.5%) compared to the red & NIR
reflected (hence, we can’t see it)

There are very narrow bands in the red spectrum where
sunlight is absent. Reflectance from plant surfaces
should be zero here, and any light detected is from
fluorescence.

Satellites with very specific, narrow red bands can
therefore detect SIF, which is proportional to
photosynthetic rate.

SIF imagery is very
coarse-scale

Gaunter et al. (2021) ESSD

-0.1 0.5 1.1 1.7 2.3 2.9
- SIF (mW/m2/srimm)

— Chl a fluorescence (arbitrary units)
— Chl, ; absorbance B

| ¥ 1 I T~
400 500 600 700 800 900

wavelength (nm)
Frankenberg and Berry (2018)

e

8-15 July 2019,

CF;O.ﬁ




Honourable mention Vis

Photochemical reflectance index (PRI)

For a given amount of sunlight, photosynthesis is
determined by the leaf area and the efficiency with
which light can be used to capture CO, (= ‘light use
efficiency’, or LUE):

photosynthesis = sunlight x leaf area x LUE

Under stress, leaves produce more carotenoids

(yellow-brown pigments) for a given amount of s
chlorophyl, which lowers the LUE. Carotenoids also S 2l :
absorb more blue-green light (at 0.53 um)... VT Airborne Sensing
The PRI measures the abundance of carotenoids Applications
relative to chlorophyl: - LUE and photosynthesis
PR = Po.s3 ~ Po.sy - Disease and plant health
Poszt Los - Plant stress (water, nutrients, heat etc)
/, tern ycms’
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