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Introduction

Remnants of intact wild animals are in protected areas~ 10% of SA’s land mass
Rural community relies on communal grazing lands for their livelihood
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Introduction — indicators of rangeland quality and quantity

A Grass nitrogen concentration (N%) as an indicator grass quality, and
also correlate to proteind major nutrient for herbivores

A Grass biomass as indicator of quantity of grazing resources

A é af f d¢he mmement and feeding patterns of domestic and wild
herbivores

A éspati al grazing campsfstocking rates, carrying capacity

of herbivores in rangelands
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Introduction - Scaling leaf N estimations

A Distribution of grass nutrients and biomass occur at various scales such as

I Local (e.g. Site level) Point-

I Regional (e.g entire KNP and surrounding areas) bas<_ad

i Global testlng_of
ecological
theories

A Traditional field technigues to measure grass nutrient and biomass
concentrations are laborious and time consumina.

o ALY, NS ST
g Ve J
" e e I

% vO ._'41 ’( e 'r‘\,\"’ v ‘_‘\ ‘.IA. g7, “
% o 20
-y

www.csir.co.za



Cirmss

Remote Sensing
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Introduction (cont.)

A Remote sensing techniques provide opportunity to map leaf N and biomass
at various scales.

I successes (Hyperspectral/ Spectroscopy)-N & Chlorophyll

Challenges (Regional estimation’
Spectral and Spatial Resolution
New RapidEye, WorldView 2
Sentinel-2 (TBL 2016)

Biomass has been plausible

to estimate using remote
Sensing — various scales
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Introduction (cont.): General workflow for estimating leaf N and biomass

Spatial-based
testing of
ecological
theories
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Research Objective

The objective of the study is to review the studies focusing on the earth
observation based estimation of leaf N and biomass as indicators of
rangeland quality and quantity at various scales.
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Data Acquisition and Analysis

i Review of literature on EO based estimation of leaf N and biomass
i About 16 papers were considered in this study — savanna
—in situ (ASD) — Airborne - Satellite.

I Recorded descriptive stats - precision and accuracy indicators such as R?, RMSE,
RRMSE

I Recorded spectral transformation — statistics — parametric — nonparametric
i Datatabulated and graphs were used to visualize the results

i Very basic analysis was done
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Results — statistics used for EO based leaf N and biomass retrieval

A The estimation of leaf N and biomass has been empirically-based,

QU T
Scaftering in the

I Simple regression — use of vegetation indices — ;pmgyﬁmh},n _
: Almespheric water
A Narrow and broadband based 4O_abmn°ﬂbam*[

absorption bands

i Multivariate (Parametric) : PLSR, SMLR
A Known absorption features
A Full spectrum
A Vegetation indices
A Integrated modelling approach (VI+ Ecol.)
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I Machine learning algorithms : ANN, RF.
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Results (leaf N(%) statistics from various papers)

Leaf N (%)

ASD - IN SITU Min Max ) i ) i ) i Technique Reference
IN SITU 0.34 1.06 0.70 0.58 0.81 0.08 0.11 11 16 PLSR/Non_linear/INRamoelcet al. 2013
IN SITU 0.38 2.00 0.78 0.74 0.93 0.02 0.22 3 28 CRIndices/SMLR Mutangaet al. 2004
IN SITU Wet Season 0.60 2.20 0.37 0.42 0.74 0.19 51 Bands/INT/SMLR Knox et al. 2012
IN SITU Dry Season 0.40 1.50 0.20 0.67 0.12 60 Bands/INT/SMLR Knox et al. 2012
AIRBORNE
AIRBORN
E 0.31 0.91 0.53 0.34 0.41 0.16 0.20 30 38 ANN Knox et al. 2011
AIRBORN
E 0.80 0.27 ANN Skidmore et al. 2010
AIRBORN
E 0.83 3.42 1.55 0.38 0.60 0.13 0.16 8 10 ANN/RE Mutanga et al. 2004
SATELLITE
SATELLITRapidEye (leaf) 0.53 1.44 0.84 0.45 0.48 0.12 0.14 14 17 Indices/ SMLR/PLSFRamoelcet al. 2012
SATELLITRapidEygcanopy) 35.00 119.00 63.45 0.56 0.64 11.00 12.30 17 19 Indices/ SMLR/PLSFRamoelcet al. 2012
SATELLITWV-2 (Grass} Apr 0.49 0.78 0.61 0.81 0.05 8 RF/Bands/ Indices Ramoelcet al. inPress
SATELLITWV-2 (Grass} Jul 0.40 0.72 0.49 0.71 0.04 8 RF/ Bands/ Indices Ramoelcet al. inPress
SATELLITWV-2 (Grass} Mar 0.51 1.21 0.70 0.89 0.08 11 RF/Bands/ Indices Ramoelcet al. inPress
SATELLITWV-2 (Grass+Treds Apr  0.49 2.63 0.89 0.96 0.12 14 RF/Bands/ Indices Ramoelcet al. inPress
SATELLITWV-2 (Grass+Trees)ul 0.40 2.02 0.83 0.97 0.10 11 RF/Bands/ Indices Ramoelcet al. inPress
SATELLITWV-2 (Grass+TreesMar  0.51 1.21 1.11 0.89 0.26 23 RF/Bands/ Indices Ramoelcet al. inPress
SATELLITWV-2 0.34 1.08 0.67 0.16 0.66 0.21 0.10 13 Indices/PLSR Zengeyeet al. 2013
E
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Results (leaf biomass statistics from various papers)

Biomass (kg/ha or g/m2) R2 RMSE RRMSE

Min Max Mean Min Max Min Max Technique Reference
SATELLIFERVV2- Dry 68 592 260 0.91 45 17 RF/Indices Ramoelo et al. In press
SATELLITERVV2 - Wet 77 619 372 0.9 59 16 RF/Indices Ramoelo et al. In press
SATELLITRVV?2 - Wet 72 1152 408 0.84 105 26 RF/Indices Ramoelo et al. In press
SATELLIFTRE (Wet) 284 1536 800 0.27 SRegr/Indices Ramoelo et al. 2013
SATELLIFRE/LS8Dry 52 344 127 0.81 086 11 13 10 RF/Bands Ramoelo et al. 2014
SATELLITES/ SPOT/ AVHI 2.7 7.34 45 0.54 0.79 SRegr/Indices/Band:Samimiand Kraus 2004
SATELLITRNOAA- AVHRR 0.42 332 440 NDVI Wessels et al. 2006
SATELLIFTBMODIS 42 9622 3796 0.6 830 22  Cokriging/PCA Mutanga and Rugege 200€
SATELLITFESPOT Vegetatio 208 7312 3760 0.69 Indices/ TS Verbesselet al. 2006
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Results: Progress on remote sensing based Leaf N(%) estimation
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Results: Progress on remote sensing based Leaf N(%) estimation
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Results: Progress on remote sensing based Leaf N(%) estimation
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Results: Examples of mapping leaf N (%)

Ramoelo et al. 2012,
Treswr Journal of Applied Earth
|zzcrane  Observation and
s onoeno | Geoinformatics
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Results: Examples of mapping leaf N (%)
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Results: Progress on remote sensing based biomass estimation
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Results: Progress on remote sensing based biomass estimation
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Results: Examples of biomass maps — WorldView-2
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Summary and Conclusions

A Several opportunities

I Emergence of RapidEye, WV-2 and Sentinel-2 data (To be free for
Africa) provide an opportunity to assess grass quality and quantity for
planning and management rangeland systems.

A Challenges
I There are several issues, but progress is eminent

A Leaf N and biomass can be used as input to determine
I Carrying capacity for browsers and grazers
I Spatial zoning for grazing camps
I Contact risk models- Livestock and Wildlife

A Hence, facilitating planning and management of rangelands for farmers,
rangers, park managers, game farmers etc. -
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Quick Overview: Forage biomass and quality Research in AJRFS

To To Iw

assessment

WWW.csir.co.za

African Journal of Range & Forage Science established in 1966
About 149 papers were published i Forage biomass and quality

About 27 papers used remote sensing (RS) for forage biomass and quality
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Forage biomass and quality and RS Research in AJRFS (Cont.)

No. of publications
oo o %] i -9 o

o L8] = o
1

Share of 27 publications per decade

N N
1§ 0
Ay Ay

1966 - 1975 1976 -1985 1986 - 1995 1996 - 2005 2006 - 2015

Decade
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Forage biomass and quality and RS Research in AJRFS (Cont.)

Focus areas
Third Decade
I Vegetation change T production
A Fourth Decade
I Bilomass/production
I Change detection or Monitoring vegetation
I Desertification

To o

There is a scope of
remote sensing in

A Fifth decade rangeland
I Quality (Review) assessment and
I Biomass monitoring
I Bush encroachment
I Fire impact
I Species discrimination and composition
I Degradation -
I Evapotranspiration / Water use efficiency G]R
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