Data assimilation using coarse-resolution Earth Observations
in heterogeneous ecosystems.
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1. Introduction:
Satellite Earth Observations (EO) can extend site specific ecosystem
knowledge to wider regions. However, the use of coarse scale
observations is complicated by the spatial heterogeneity and non-linearity
of natural ecosystems [1]. Unaccounted for, these characteristics bias
predictions. The “disaggregation” approach that we describe allows the
unbiased combination of multi-resolution EO [2].

| 2. Analysis:

We use observations from Abisko, Sweden. A 512 by 512 m (128 by 128 pixels), 4 m resolution NDVI
image, gathered by the NERC ARSF aircraft, was combined with a time series of NDVI from a tower.
From this ‘true’ dataset we drew daily observations of NDVI at various spatial resolutions. These
observations were fed into a ‘Particle filter’ data assimilation scheme [3] to model the LAI [4] and then
carbon uptake of the system [5]. The approach assesses the prediction accuracy obtained using a
particular NDVI resolution. The analysis is repeated with the ‘disaggregation’ approach.
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Figure 1: The top row shows ‘truth’; the mean LAl and cumulative NEE time series, and the final LAl ms(ogram and map The mean (u)

standard deviation (o) and skew () for the final LAl distribution are shown. 1x1 pixel, 4x4 pixel, 16x 16 pixel and 64x64 pixel analyses are
shown in the lower panels. The data assimilation ana\yses did no( use the dlsaggregat\on approach. 1
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Figure 3: Schematic of the
~_ disaggregation approach to
calculate the new observation.

/5. Solution:

We demonstrate the data
assimilation

disaggregation method by
repeating  the  earlier
analysis. The approach is
robust and clearly out
performs standard
approaches that do not
use disaggregation (Fig.
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a F\gure 5: The top row (panels b1, b2 and b3) shows the 16x16 pixel (with additional high resolution NDVI “snap shot”) data assimilation
| analysis. The bottom row (panels c1, c2 and ¢3) shows the 16x16 data assimilation analysis where successive NDVI observations shift in
location rather than being collocated between observation times. /

o 05 1 15 20 40 60 80 100120
) @ ®)

count

Htams)

Figure 4: The top row shows ‘truth’; the
mean LAl and cumulative NEE time
series, and the final LAl histog and
map. The mean (u), standard deviation
(o) and skew (y) for the final LAl
distribution are shown. 1x1 pixel, 4x4
pixel, 16x 16 pixel and 64x64 pixel
analyses are shown in the lower panels.
The data assimilation analyses all used
the ‘disaggregation’ approach.
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7. Conclusions
In our data assimilation disaggregation
observations are combined with an estimate |
resolution model state. The sub-pixel variability can be
resolution Earth observation, detailed field studies or
methodology is robust and out performs standard approaches
the disaggregation method. The approach is easily imple
assimilation schemes and benefits from combining multiple
spatial and temporal resolutions.
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