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External orientation J

Orthoimages J
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between images
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Seamline editing J
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External sensor calibration J

DSM ' (internal) ) N

MicroDSM N

DTM V

Orthomosaic V

True Orthos + (with RT or EM3D)

XYZ point cloud J J

Point Cloud Editing J

3D viewing N
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Volumes o
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24— FIBERERIEHF PROSPECT + DART #E8{E R EMHMHAIE NESE
i ZWFF R T ANIS 2 MCA6 B 6 % Bt 2 e FH ML 53 5 & i R

REG PR 0.5m, ATLAX - — R ARTEE . SRR, ief

HAL Gk B 8 B 4l & W s e B, 2888 b 3 A BUROE 1 VE B4R 2 ' N
500~600nm; #ff] PROSPECT -5 Al DART #5 J Al S e g d8 e - 1y

AR 2 W Ah AT R N E i AR, CRI(1/Rsys)-(1/Rss) 51 Fr

i SEH S N 2R e BT (2> 0.90, P<0.001) , {552 56 /2 45 K S22 K,

i ZACE (°=0.44, P<0.001) FHIRMHAL: B L TEE R, /R, £EH

A (r*=0.72, P<0.001) F5dZE/KF (+*=0.71, P<0.001) F, XM -

HEATIRAS B, P BV 500~800nm, FEAIEERTEE N 10nm, FKEGE
LEAEE 2 . - @

Carotenoid content estimation in a heterogeneous conifer forest using
narrow-band indices and PROSPECT + DART simulations

Abstract: The present study explored the use of narrow-band indices formulated in the visible spectral
region at leaf and canopy levels to estimate carotenoid content. The research area was a pine forest affected
by decline processes. Spectral reflectance and pigment content including chlorophylls a and b (Ca+b),
carotenoid (Cx+c)and xanthophyll cycle pigments (VAZ) were measured in needles for two consecutive
years. The study was conducted using radiative transfer modeling methods and high-resolution airborne
imagery acquired atl0 nm FWHM bandwidth. Airborne data consisted of high spatial resolution
imagery acquired with anarrow-band multispectral camera on board an unmanned aerial vehicle
(UAV). The imagery had 50 ¢m resolution and six spectral bands in the 500—800 nm range, enabling
the identification of pure crowns to obtainthe reflectance of individual trees. The indices evaluated were
traditional formulations and new simple ratios developed by combining bands sensitive to Cx+c absorption

DRNCDEMT_S mnd
1 -t pu s

~ A writh tha Migerat
INLSODL LA 1™ LAWY oWy L

it inc 1sisCre
Transfer (DART) model to explore the performance of Cx+c-sensitive vegetation indices at leaf and canopy

levels. The sensitivity of these indices to struc-tural effects was assessed to study the potential scaling-

up of Cx+tc-related ve

i} eneong canonies. Coefficients of determination hetween
3 Cneous Ccanopics, LOCHICICILS O ciermination beiween

geneous canopies. fficients of d
Cx+c content and narrow-band vegetation indices revealed that traditional indices were highly related with
Cx+c content at leaf level (">0.90;P<0.001 for the CRI index (1/Rs;s )~(1/Rss, ), but highly affected by
structural parameters at crown level(r’>0.44; P<0.001). A new simple-ratio vegetation index proposed in this
study (Rs,s /Rs;, ) was found to be significantly related with Cx+c content both at leaf (r*>0.72; P<0.001) and
canopy levels (r’>0.71;P<0.001). Remote sensing cameras on board UAV platforms can provide very

high multispectral and hyperspectral imagery for mapping biochemical constituents in heterogeneous forest
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canopies. This study demonstrates the feasibility of mapping carotenoid content to assess the physiological

condition of forests.
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High-resolution multispectral image acquired from the UAV platform (a) and the PROSPECT-5+DART simulated image for the same
study site (b); zoomed-in image detail ofthe multispectral image (right) and the simulated image (left) (c); tree crown (d), bare soil (e)
and shaded crown (f) spectral reflectance extracted from the multispectral imageand the simulated scenes.
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RHI=: FIAZAIBER PRI 152 57K 7 B 37K R o B 72 0

e %S — RO A AS R R DK SR S T ik . R E A ML 3 -

B TR S PR LB (Mini MCA) FI#RR R &, WEAHE
[E (k. AR ) EEIREADGL 2 AR (PRD o ERESREE 7
NFFEEEE AR RERE, (E K R i B A = e, R B AR T
K, BERARRAKSRIL REH SR, WEHER, PEER
WA (EPS) 5 PRI Z [ MIAH G FE R, & AKR RS,

MAVEEAE (TSS) MM ERE (TA) RATEAKRMHT. 458%, of
F R JE K R EPS il PRI B A BAFHIASEME ((°=0.81, r=041) ;

PRI #5305 TSS/TA HLAEAH ¢ RN 12=0.50; PRI i 8] /5 51| #1 4 5 TSS/
TA #1256 2 ¥ 518 r*=0.72( Bk ) A1 r'=0.61 (3h#k); MELZF, TSS/TA
SRS G A 5 R ECRAK, 430108 ©P=0.21 F11 0.25. BIF 57 1 B A 0 A 10 00 Rk s A P K 5 B
BAR T AL

Detecting water stress effects on fruit quality in orchards with time-series PRI airborne imagery

Abstract: A methodology for the assessment of fruit quality in crops subjected to different irrigation regimes
is presented. High spatial resolution multispectral and thermal airborne imagery were used to monitor crown
temperature and the Photochemical Reflectance Index (PRI) over three commercial orchards comprising

peach, nectarine and orange fruit trees during 2008. Irrigation regimes included sustained and regulated

used to monitor individual tree water status on each study site. Leaf samples were collected for destructive

sampling of xanthophyll pigments to assess the relationship between the xanthophyll epoxidation state
(EPS) and PRI at leaf and airborne-canc

\ava w2y

v level, At harvest. fruit size

¥ ¥ i,

L4

s

v

o
3
[

Titratable Acidity (TA) were measured to characterize fruit quality. A statistically significant relationship
between EPS and PRI was found at the leaf (r’=0.81) and canopy level (r'=0.41). Airborne-derived crown
PRI calculated from the imagery acquired during the fruit growth was related to the ratio of the total soluble
solids normalized by the tritatabie acidity (TSS/TA), an indicator of fruit quality measured on the same
trees, yielding a coefficient of determination of r’=0.50. The relationship between the integral of PRI time-
series and TSS/TA yielded a coefficient of determination of r’=0.72(peach) and r’=0.61 (nectarines). On

oo T A

the contrary, the relation beiween TSS/TA and the time-series o

f crownthermal imagery was very weak
(r*=0.21 and 0.25 respectively). These results suggest that a physiological remote sensing indicator related
to photosynthesis, such as PRI, is more appropriate for fruit quality assessment than crown temperature,
the established method of water stress detection, which is more related to crown transpiration. A radiative
transfer modelling study was conducted to assess the potential validity of this methodology for fruit
quality assessment when using medium spatial resolution imagery. The analysis shows important effects

of soil and shadows on the PRI vs EPS relationship used for fruit quality assessment if non-pure crown
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reflectance was extracted from the imagery.
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(a) The peach orchard showing four trees corresponding to four irrigation treatments: full irrigation, RDI1, RDI2 and RDI3; (b to )
zoom on selected trees showing TSS/TA values; (f to 1) zoom on selected and surrounding trees showing the integral of PRI/PAR.
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Increased plant productivity in Alaskan tundra as a result of experimental
warming of soii and permafrost

1. The response of northern tundra plant communities to warming temperatures is of critical concern
because permafrost ecosystems play a key role in global carbon (C) storage, and climate-induced ecological
shifts in the plant community will affect the transfer of carbon-dioxide between biological and atmospheric
pools.

2. This study, which focuses on the response of tundra plant growth and phenology to experimental
warming, was conducted at the Carbon in Permafrost Experimental Heating Research project, located in the
northern foothills of the Alaska Range. We used snow fences coupled with spring snow removal to increase
deep-soil temperatures and thaw depth (winter warming), and open-top chambers to increase summer air
temperatures (summer warming).

3. Winter warming increased wintertime soil temperature (540 cm) by 2.3 C | resulting in a 10%
increase in growing season thaw depth. Summer warming significantly increased growing season air
temperature; peak temperature differences occurred near midday when summer warming plots were
approximately 1.0 ‘C warmer than ambient plots.

4. Changes in the soil environment as a result of winter warming treatment resulted in a 20% increase in
above-ground biomass and net primary productivity (ANPP), while there was no detected summer warming
effect on ecosystem-level ANPP or biomass. Both summer and winter warming extended the growing season
through earlier bud break and delayed senescence, despite equivalent snow-free days across treatments. As
with ANPP, winter warming increased canopy N mass by 20%, while there was no summer warming effect
on canopy N.

5. The warming-mediated increase in N availability, coupled with phenological shifts, may have driven
higher rates of ANPP in the winter warming plots, and the lack of ecosystem-level N and ANPP response to

summer warming suggest continued N limitation in the summer warming plots.
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6. Synthesis: These results highlight the role of soil and permafrost dynamics in regulating plant

response to climate change and provide evidence that warming may promote greater C accumulation in

tundra plant biomass. While warming temperatures are expected to enhance microbial decomposition of the

large pool of organic matter stored in tundra soils and permafrost, these respiratory losses may be offset, at

least in part, by warming-mediated increases in plant growth.
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Fig. Warming effects on date of plot-level (a) bud break; (b)
0.4 } complete senescence; (c) percentage green leaves remaining on
Eriophorum vaginatum tussocks (23 September); and (d) NDVI
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Permafrost degradation stimulates carbon loss from experimentally warmed tundra

Abstract: A large pool of organic carbon (C) has been accumulating in the Arctic for thousands of
years because cold and waterlogged conditions have protected soil organic material from microbial
decomposition. As the climate warms this vast and frozen C pool is at risk of being thawed, decomposed,
and released to the atmosphere as greenhouse gasses. At the same time, some C losses may be offset by
warming-mediated increases in plant productivity. Plant and microbial responses to warming ultimately
determine net C exchange from ecosystems, but the timing and magnitude of these responses remain
uncertain. Here we show that experimental warming and permafrost (ground that remains below 0 C for
two or more consecutive years) degradation led to a two-fold increase in net ecosystem C uptake during the
growing season. However, warming also enhanced winter respiration, which entirely offset growing-
season C gains. Winter C losses may be even higher in response to actual climate warming than to our

experimental manipulations, and, in that scenario, could be expected to more than double overall net C losses

permafrost zone that might be expected in a warmer climate.
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