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Abstract. A central objective of the present study is to edbe lack of information about growing mechanisms
of an invasive and toxic species, the southernkera¢teridium arachnoideuipover cultivated pasture. One of
the main hypotheses, which explain the growth athgm of bracken, is related to the absorption dérso
radiation. This was the starting point to invedigéhe competition between bracken and the mosthomm
pasture $etaria sphacelajaUsing reflectance spectroscopy and canopy aisaigshniques a set of parameters
was obtained as input to a mathematical schemes. Sdfieme includes a state-of-art canopy transfatico,
with that absorption of shortwave radiation wascakdted for both species under different illumioati
conditions. Potentially, bracken absorbs an aveodde?2 MJ.nf.day' more tharSetariain nearly 40% of year.
Setaria absorbs 0.2 MJ.taday' more than bracken in the rest of the year. Cleesin which changes the
properties of incident radiation, can be seen dswng factor in the context of climate changesisTresults
show the feasibility of a model, driven by field aseirements, to investigate competition for lighseparated
vegetation traits. In the future a spatial compongmall be included, as well as other limiting tast to
vegetation growth, approximating the model to theestigation on a land cover basis.

Palavras-chave: shortwave radiation absorption, reflectance spectpy, canopy analyser, balloon
photography, absorcéo de radiacdo de ondas cesfgsgtroscopia, analise de copa, fotografia coéobal

1. Introduction

Grasslands cover circa 22% of global land and areelly related to a broad range of
annual mean temperature and annual precipitatioassands occur naturally following
surface adaptation to extreme climates, like tleddagh elevations. From a biophysical point
of view this process involves the energy balanat solar radiation storage into thermal or
biochemical energy. On extreme weather environmgatss toughly compete by controlling
water and heat losses. This process arises gradullnot constant and involves an intricate
system. Such investigation can be applied not émlyhe natural occurrence but also to
understand grasslands as a direct resource os@soadary succession after land use. In this
work we present a vegetation-atmosphere model uodestruction. At the current stage
responses to atmospheric inputs are being inveéstig®eveloping the model, we make use
of concepts and procedures from dynamic global tatige models to calculate solar
radiation absorption under different illuminatioonclitions. The result is a radiation module,
used to calculate potential inputs to vegetatiawgn.

A non-spatial approach was firstly consideredlépict competitive potentials from two
grassland species: the gr&saria(Setaria sphacela)aa widespread advantageous pasture
species, and the southern Bracken f@&teridium arachnoideuin a high competitive weed.
These species represent pastorization issues ontamoous regions. The current study is part
of the multidisciplinary ecological research ‘Bigdrsity and Sustainable Management of a
Megadiverse Mountain Ecosystem in South Ecuadariréht progresses are being reported
at the website of the Research Unit 816 <http://wivopicalmountainforest.org/>. A first
collection of works was recently published in Batlkal. (2008), which gives a broad context
and findings related to the research site.

2. Study Area

Supporting the presented subject, investigatiang lbeen carried out since 1998 at the
ecological research statiofeqtacion ecolégica de San Francisd6CSF) on the eastern
Andes of south Ecuador. The research station adolcat latitude 3°58’S, longitude 79°5'W,
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and altitude 1.860 meters above sea level). Onetiern Andes a perhumid climate
dominates, mainly due to atmospheric fluxes froma&on. This frequent cloudiness, as
reported by Bendix et al., (2006) controls the atidn regime from these high elevated areas.
Since 2007 experimental plots 10x16were established to monitor vegetation growth after
clearing by slash and burn. A meteorological stati@s mounted near this site at an altitude
of 2120 m a.s.l. and data are logged each five mgince November 2007. A set of
radiation data used as input in the model is sunz@@rin the section 5. A brief pictorial
description is shown in section 4.3.

3. Radiation Module

Absorption of solar radiation involves its transéad scattering within the canopy. As
assumptions we used the two-stream approximationsidering single scattering, uniform
leaf orientation and shaded and sunlit leaves (iigeeaf approach). A complete description
of the radiation scheme can be found in the workRafet al. (2003). Important to note is that
the dimension for penetration of light within theanopy is the Leaf Area Index. This can be
leveraged by the Leaf Angle to a geometric relatmmhe illumination purposes. Leaf Area
and Leaf Angle are parameters to be quantifiedied,fas presented in sections 4.2 and 4.3.
Like for a larger scale purposes vegetation cosesummarized into averaged traits or plant
functional types. This radiation scheme has beeplemented to application on a global
scale, making use of reanalysis and remote sedsitag(Oleson et al. 2004). Radiation inputs
should be given divided into its components diractl diffuse. To do that an empirical
relation can be used to decompose the global radsa(Erbs et al. 1982).

4. Field M easurements

To better evaluate climate effects over bracked @ataria development a complete
meteorological station delivers data from the expental plots on a 5-minute temporal
resolution since 2007. Although only global radiatidata are analysed here, it is a complete
meteorological station and remotely managed. WeeleAN Connection (2.4 GHz, 802.11f,
speed 54 Mbit/s), with 18db gain antenna, allowsate access to data transfer and software
manipulation. A network structure of other three tewneological stations at different
elevations delivers the data for other presentgngations on mountain gradient in South
Ecuador. Occasionally the operation of the devibad been interrupted, also due to
maintenance procedures, but gaps do not hindep@&mikent month analysis. Further inter-
comparison between stations can provide interpoigtr short time scale investigations.

4.1. Optical Parameters of Vegetation

Optical spectroscopy from the considered species cearied out leading to averaged
spectral signatures, or the plant optical traifseec®al signatures were measured using a field
spectrometer mounted on a fixed base. Leaves valexied and inserted in a wooden frame
over a black painted area of one square metersaime was proceeded with to soil samples.
The instrument (Tec5 HandySpec Field 14) is a pebdinom the company Tecb
<www.tec5.com> and consist of two sensors (MMS B@SE) for acquisition from different
spectral ranges. The MMS, or Monolithic MiniaturpeStrometer, provides instantaneous
spectrum records using one diode array. It is atroted semi-conductor photodiode
(NMOS) with high sensibility on visible and neafranred (310 -1 100 nm, dl = 3.3 nm). For
this sensor, a specific grating correction is endleeld which allows adjusted focal curve of
non-polarized light to the detector. The Plane &r@pectrometer (PGS) contains also a
detector array of a sensible material (Indium @alliArsenide). It corresponds to the infra
red sensor, since its spectral range extends frént® 1 690 nm (dl = 1.5 nm). Theses
sensors runs simultaneously in two channels provigean optical multiplexer.
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After three collecting sessions, transmittance aogbrption were analysed to the visible
and near infra red area of the spectrum. Howenehis work, we make use of the properties
from the visible range. Visible optical propertiesntrol the potential absorption of the
incident PAR radiation (300 — 700 nm) normal to teaves. These data are presented in
Figure 1. Notably is a lower reflectance and traittamce found to Bracken in the visible
range (reflectance = 7.4, transmittance = 3.7)ampgarison to Setaria traits (reflectance =
11.7; transmittance =. 1.5).
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Figure 1. Spectral signatures of fresh leaves atBgn and&Getaria

4.2. Structural Parameters of Vegetation

Two parameters are considered in the contextefiplied model (described in section
3) for the canopy radiation transfer: the firstgraeter is the Leaf Area Index, or LAI, defined
as the one-sided leaf area on the plant canopgdoh unit (square meter) of ground. For
monitoring purposes, which requires repeatabilibgirect measurements of the leaf area
index were adopted. This results in underestimagddes, because of clumping effects, but
not so pronounced in this case, in which woodysparé absent. So, the LAl was measured
with a Li-cor LAI-2000 plant canopy analyser. Emted in this instrument is fish eye sensor
sensible to the blue light (320 — 490 nm) to meagsadiation above and below the canopy.
LAI results from the transmission measurementstedlao foliage density estimated at five
different angles from the semi-hemisphere undecgmopy.

The second parameter is the Leaf Angle parametach is more complex due to braches
arrangement and unequal angles from the grountetdap of plant canopy. Considering a
mean value used to represent plant traits and ctegieazimuth angles, we use the mean tilt
angle as obtained from the LAI-2000 plant canopglyser. It is in good agreement with the
assumptions made for whole vegetation units, whanaplified concepts are used to
efficiently model radiation absorption and flux banges over large areas on a grid-cell
based approach.

Averages of 18 field measurements resulted in Beaé Index of 2.40 and 2.94 tm?)
and Leaf Angle Distribution of -0.37 and 0.48 (vErtical to 1, horizontal) t&etariaand
Bracken respectively. It means a slightly largaf Erea with predominantly horizontal leaves
from BrackenSetariahas more vertical leaves and a higher density theaground. Bracken
has an opened canopy, which forms a little undgr&tovironment.
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4.3. Balloon Photography

Two balloon flights were carried out on mid Sepbem2008 to take low altitude aerial
photographs. The sky was partially covered, sunnytlee morning, with low winds
predominating during the day. It was reported abnaatic window, succeeding and followed
by rainy days, very common on the eastern Andéscimador. The thin air over 2 130 m a.s.|
was crucial to a first approach with a 500g weiggrhera, which suffered consecutive crashes
after starting. A lighter 125g weight camera wasnthdapted in the support frame, allowing a
successful flight. We use a helium balloon withepacity of 3.2 m3 to lift the camera up to 40
m above ground. The balloon was stabilized to kkthbe plots over a sky line at circa 10m
height to take high definition pictures.

The resulting pictures present details from leaerspective effects were corrected
using stitching techniques. It consists of conpoints selection and the recalculation of the
field of view over a new planar projection. A finalosaic of these pictures is presented in
Figure 2. Granulation (in dpi) was later convertied centimetres by means of visual
inspection to achieve the best thresholds basegramd metric marks. The fine resolution
achieved required a precise topographic measuretoehe geo-rectification. This was done
using a metric tape and an experimental ultraspr@asuring device. In addition a handheld
GPS was used to give the orientation necessaryegfister the picture. The balloon
photography technique will be used to document en@@dsure the spatial distribution and
fraction of cover during a succession after fire.

Figuré 2. Resulting mosaic from Balloon Photographg view fromexperimental site at day
of flight.

5. Results and Discussion

The interception of solar photosynthetic radiatiBAR) was analyzed using parameters
from the canopy model (as shown in section 4.1 &&). A sensibility analysis is not
presented here, but is part of the current researdhpublication. In terms of absorption and
considering annual hourly mearBetariayields are around 4.5 MJ‘hday?, 0.3 more than
bracken. Cloudy days are slightly favourableSetariawhich absorbs 2.1 MJ:frday?, 0.2
more than bracken. Clear days are very favourabieacken which absorbs 8.5 MX.may",
1.2 more tharBetaria Monthly hourly means give us a seasonal distigoubf absorption,
which is presented in Figures 3 to 5. Notable stranger correlation between the absorbed
radiation fromSetaria(Figure 5, left) and the diffuse component of atidin (Figure 3, right)
in comparison with bracken. By bracken canopiesuscthe opposite with short spots of
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higher absorption from direct radiation (Figurendiddle), which shows strong correlation to
the direct radiation.
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Figure 3. Direct (right) and diffuse (left) radiati measured at the experimental plots.
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Figure 4. Total radiation absorbed by bracken)(kfid the absorbed from the direct (middle)
and diffuse radiation (right).
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Figure 5. Total radiation absorbed $gtaria(left) and the absorbed from the direct (middle)
and diffuse radiation (right).
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The average daily incident radiation was 26.7 M maximum of 52.3 MJ.fiday?,
minimum 4 MJ.rif.day’) for the first three seasons of observation (N6O722to May 2008).
With exception of a short dry season occurring leetwSeptember and November, clouds are
quite constant over the year and more frequentigheh slopes. Considering the observed
values, 55% of the incoming global radiation wadamthe mean value, which means higher
diffuse radiation. This leads to an averaged altsorpf 30.2% of the incoming radiation
from Bracken, against 32.4% fro8etaria This slight advantage f@etariais outperformed
by bracken on sunny days and the surplus of abdorddiation by bracken achieves 1.2
MJ.m?.day"* throughout the year against the absorbed radiatjdetaria This is much more
than the 0.2 MJ.iiday” more absorbed b$etariaon mostly (60%) of days.

Further, if a moderate change occurs in the nesadkes, as reported by the IPCC (A1B
scenario, in Solomon et al., 2007), a reductiod%fin cloud is expected for south Ecuador.
With the increase of direct radiation, favourabtmditions will become more frequent to
bracken. Certainly, it emphasizes the necessityake different measures and avoid the
abandonment of the areas invaded by bracken. Examghn be found on cultivation
techniques based on atmospheric inputs, or atmdsptieculation near the surface. More
than support the sustainable management of pasitrgsall diminish the gain of forested
areas.

6. Conclusion

A numerical scheme was developed to estimate dgkbrption by two competing plant
species. The competition model may achieve largeesgimensions, not considered yet, but
visible in field. For now it was important to revahat the competition for light between
bracken andSetaria can be investigated using a modelling approactectspscopy and
canopy analyser equipment was successfully app®dparameterization procedures to
initialize the model. Also the potential use of thetalled network of meteorological stations
can be emphasized. It shall be used as groundatialidto atmospheric parameters, or control
for vegetation growth, on a larger spatial scaletufe works are planned to enhance the
model by including not only the spatial dimensibat also other limiting factors for biomass
production, since they form a more complete bagisdmpetition. The balloon photography,
which was successfully started, may be seen asfalisol to monitor plant cover at this site.
Further it shall be necessary to understand bioteagksnt cover relations. The idea behind is
to compare simulated biomass and plant cover witberved values on the experimental
plots.
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