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ABSTRACT:

DESIS products offer information-rich images, but these data are rarely acquired for most sites. We explored how these image
“jewels” fit within dense image time series of higher spatial resolution but lower spectral resolution data to enhance the
characterization of the land surface phenologies exhibited by montane pastures in central Kyrgyzstan. We used surface reflectance
data at 5 m spatial resolution from the French-Isracli VENuS mission over the NARYN intensive observation site from 2019 and
2020. Upon evaluating the quality of the DESIS data, we found substantial geolocation problems in multiple images and limitations
in some of the Quality-2 masks. Here we have reported on these problems and focused analysis on the DESIS images from 2020 that
substantially overlap the NARYN footprint, occurred during the growing season, and had sufficiently low cloud cover to enable
comparisons. We calculated multiple vegetation indices enabled by the spectral resolution of the VENUS bands, having averaged the
DESIS bands to correspond to the VENuS bands. Of the 12 ground locations we had sampled in July 2021, just four locations had
sufficient DESIS data in 2020 to characterize the growing season. Comparison of the higher spatio-temporal resolution of the
VENUuS data with the lower spatio-temporal resolution of the DESIS data revealed that DESIS can capture the broad outlines of land
surface phenology and spatial heterogeneity of the landscape with responses comparable to VENuS, but it could not reveal the finer
temporal resolution of transhumance dynamics. DESIS data merit further analysis in other highland pasture areas.

1. INTRODUCTION NARYN intensive observation site is approximately 27 km
cross-track by 54 km along-track.

Rural communities rely on montane pastures to support the
agro-pastoralist livelihoods that form the foundation of rural z = il 3
economies in Kyrgyzstan, Tajikistan, and other areas of ; ' =7
montane Central Asia. However, regional climate change
threatens these livelihoods (de Beurs et al., 2018; Groisman et
al., 2018; Tomaszewska and Henebry, 2018).

The recent literature on montane pasture degradation in Central
Asia has focused on coarser spatial resolution imagery
(Dubovyk et al., 2016; Kulikov et al., 2016; Wang et al., 2020;
Zhumanova et al., 2018). However, terrain factors and land use
gradients evident at finer spatial scales complicate inferences

41°30N

about pasture degradation based on data from sources like ol R, s e 7
MODIS (Tomaszewska et al., 2020; Tomaszewska and e
Henebry, 2021). e

Figure 1. Study location in Naryn oblast, central Kyrgyzstan.
Here we explore how DESIS data can enhance characterization
of the spatial heterogeneity of land surface phenologies in
montane pastures by leveraging a high spatial and temporal
resolution dataset from the French-Israeli VENpS mission,
which is available over a limited area in eastern Naryn oblast of
central Kyrgyzstan from 2018-2020. Specifically, we are
interested whether DESIS can provide a visualization of the
pasture landscape that is comparable to that imaged by the much
higher spatial resolution VENuS data.

2. STUDY AREA
The study area is in Naryn oblast in central Kyrgyzstan,

Specifically, the VENuS intensive observation site is located Fi ) . ' NO1 h S L )
cast of Naryn city (Figure 1). The VENpS footprint of the igure 2. View of transect showing a transitional pasture.
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3. DATA & PROCESSING

3.1 Ground data: In July 2021, our team sampled 12 sites
(cyan circles in Figure 1; view of a transect at NO1 shown in
Figure 2) within the NARYN VENuS footprint using paired
orthogonal 100 m transects to characterize plant community,
pasture health, and subpixel heterogeneity. However, no
ground-level spectral data were available from 2020 or 2021.
Here we use the GPS coordinates of the transect centers and
information about the seasonality of pasture use at these
locations: either transitional pastures—used in spring and again
in fall—or summer pastures.

3.2 VENpS data: As result of an international competition
held in 2015, VENuS data were acquired at the Naryn site from
2018 to 2020. The VENpS data over Naryn that were available
to compare with DESIS included 47 scenes in 2019 and 46 in
2020 at 5 m spatial resolution and in 12 spectral bands. The
“flat” surface reflectance product was used in our analyses.
Figure 3 shows the temporal distribution of VENuS and DESIS
data in 2020 for the 12 transects within the footprint.

We calculated four vegetation indices to facilitate the
comparison of VENuS and DESIS data: (1) NDVI for
reference; (2) anthocyanin index (Gitelson et al., 2006), which
is sensitive to plant stress; (3) red-edge chlorophyll index tuned
for erectophile canopies (Clevers and Gitelson, 2013), which is
more sensitive than NDVI to canopy differences; and (4)
chlorophyll/carotenoid index for MODIS bands (Gamon et al.,
2016; Wang et al.,, 2020), which is sensitive to seasonal
dynamics in coniferous canopies.
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Figure 3: VENuS and DESIS data over NARYN in 2020.

3.3 DESIS data: As part of NASA’s engagement with the
DESIS mission, we requested in February 2019 acquisitions
over eastern Naryn oblast with a particular emphasis on the
growing season. We downloaded the 40 available scenes
overlapping the VENpS footprint during 2019 to 2020. We
evaluated them visually, filtered out low quality pixels using the
Quality-1 band-specific flags, and applied the following
Quality-2 masks: 1,4-7=0, and 2=1. We did not apply the snow
mask (layer 3) because we wanted to see the sensor response in
the snowy areas and those areas were far from the pasture areas
of interest. We simulated the VENpS data by simply averaging
the DESIS bands corresponding to the VENuS bands.

3.4 MODIS data: We used version 6 of the MODIS land
surface temperature products (MOD11A2 and MYDI11A2) to
calculate the accumulated growing degree-days (AGDD) with
base temperature of 0° C (Tomaszewska et al., 2020).
Temperate grasslands have been shown to exhibit land surface
phenology that is well-articulated as a quadratic function of
AGDD (Tomaszewska et al., 2020).
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Figure 4: Example of a severe DESIS geolocation error. In this
composite the georeferenced DESIS data appears shifted to the
east (right) relative to the correctly georeferenced VENuS data
appearing at left. The labels point to some of the spatial
discrepancies arising from geolocation error and the coarser
spatial resolution of the DESIS.
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4. RESULTS & INTERPRETATION

4.1 Geolocation errors: On inspection several DESIS
images had severe geolocation errors (Figure 4). Upon inquiring
to user support about this issue, Heath Lester of Teledyne
Brown Engineering explained that the default image matching
algorithm had failed in these instances due to a combination of
cloud cover and differences in shadow patterns in the rugged
terrain, and the performance of the backup geolocation
algorithm had much larger errors comparable to what we saw.
Of the 27 DESIS images that used BRISK for image matching,
six scenes had RMSE in the x and/or y direction >30m. Given
that DESIS rides on the ISS yielding variable overpass times,
we suggest the possibility of simulating multiple terrain shadow
patterns to improve the likelihood of geolocation success.

4.2 Limitations of Quality-2 masks: Despite strict
application of DESIS QA data, we uncovered some limitations
in the Quality-2 masks. Figure 5 shows a close-up of a region in
Figures 6-8. Note the area in Figures 7 and 8 where the false
color composite (fcc) of vegetation indices yields a dark blue
“haze” that appears to result from a cloudy region missed by the
quality screening steps.
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Figure 5: Illustration of Quality-2 omissions. Top left panel is a
false color composite (fcc) of three masks layers with shadows
in red, haze over land in green, and cloud over land in blue. Top
right panel is an fcc of three vegetation indices with quality
mask in grey. Bottom left panel is the perceptible water layer of
the DESIS Quality-2 data. Bottom right panel displays a DESIS
true color composite. Note that the dark blue “haze” in the
vegetation index fcc (top right) reveals a larger area of lower
quality DESIS data than the Quality-2 masks identify.
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Figure 6: True color composites of VENuS (top) and DESIS
(bottom) on day of year 217 in 2020. Note the location of the
centers of the 2021 transects and their labels appear as red
circles with yellowing outlining. Note the cloudy area west and
southwest of transect center N02 is discussed in section 4.2.
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Figure 7: False color composites of VENuS (top) and DESIS
(bottom) on day of year 217 in 2020. This fcc features NDVI
displayed in green. White rectangle outlines the area sampled
for the scatterplots. The dark blue “haze” west and southwest of
transect center NO2 is discussed in section 4.2.
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Figure 8: False color composites of VENuS (top) and DESIS
(bottom) on day of year 217 in 2020. This fcc features EClre
displayed in green. White rectangle outlines the area sampled
for the scatterplots. The dark blue “haze” west and southwest of
transect center NO2 is discussed in section 4.2
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4.3 Comparing landscape visualizations 10

4.3.1 True color composites: Figure 6 provides true color
composite of VENuS and DESIS images acquired on the same s
day—August 4, 2020—but at different times: The VENuS

overpass occurred near noon (1156 local time) and the DESIS

data are from mid-afternoon (1409 local time).

4.3.2 False color composite featuring NDVI: True color
composites are familiar and easier to interpret, but fccs that
combine spectral information to highlight different aspects of 4
the vegetated land surface can help to characterize spatial
heterogeneity of pastures within the landscape. We first display
the VENuS footprint in an fcc that features NDVI (Figure 7),
showing anthocyanin index (Al) in red, NDVI in green, and
chlorophyll/carotenoid index (CCIm) in blue.

VENuS

Note the many pixels in both images have been masked to 0
black, particularly in rugged terrain. Moreover, the hues of both 0 2 4 6 8 10
landscape visualizations range from light blue and green to
white. The white areas indicate higher values of each vegetation
index. Note, too, the dark blue “haze” in the DESIS image is not
evident in the VENuS image acquired 133 minutes earlier. The
white rectangle outlines the area from which 10% of the pixels
were randomly sampled to generate the scatterplots of 4.3.4.

DESIS

4.3.3  False color composite featuring ECIre: The second
fcc we display swaps out NDVI for EClre resulting in landscape
visualizations that appear very different (Figure 8). Many of the
areas that appeared white in Figure 7 appear instead in various
shades of magenta in Figure 8. More landscape heterogeneity is
evident in Figure 8 compared to Figure 7. This discrepancy
arises in part from EClIre not being a normalized index and in
part from it using the red-edge portion of the spectrum rather
than the red to indicate vegetation. While NDVI tends to lose
sensitivity when the canopy leaf area index (LAI) is much
above ~2.5, the red-edge wavelengths penetrate more deeply
into the canopy and are less absorbed than the red, resulting in
an effectively higher dynamic range under a wider variety of
LAIs (Clevers and Gitelson, 2016).

VENpS

DESIS
4.3.4  Scatterplots of vegetation indices: 0.4

Figure 9 displays the scatterplots comparing the DESIS and
VENuS vegetation indices. The color scheme denotes density
with yellow-to-white indicating the high relative densities. 0.2
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Figure 9: Density scatterplots generated from the data within
the white rectangles shown in Figures 7-8. (A) NDVI; (B) Al
(C) CClIm; and (D) EClre.
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The NDVI scatterplot (Fig. 9A) shows most values skewed VENuS 2020 DOY:177 = |
high, as expected. In contrast, the Al scatterplot (Fig. 9B) [ %
exhibits multiple lobes of lower density indicating some mutual f
biases. The CCIm scatterplot (Fig. 9C) is more symmetrical and
balanced than either the NDVI or Al, but the distribution flares
at higher values. The EClre scatterplot (Fig. 9D) exhibits a
smaller range of values with a lower density lobe at lower
values.

41°32'45"N

We resampled the DESIS data to match the finer spatial
resolution of the VENuS data using bilinear interpolation. The
Pearson product-moment (Spearman rank) correlation
coefficients calculated for the random subsets used in the
scatterplots of NDVI, Al, CClm, and EClIre were 0.860 (0.845),
0.678 (0.709), 0.855 (0.860), and 0.686 (0.606), respectively.
All are highly significant (p<0.001), since n is very large.
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Note that the two vegetation indices that use red-edge bands (Al
and EClIre) exhibit substantially lower correlations than the
other two indices (NDVI and CCIm). This finding may result
from suboptimal spectral rescaling between the DESIS and
VENUuUS bands, an artifact arising from the disparities in spatial
resolution, or some combination of both.

44 Comparing temporal profiles: To construct the
temporal profiles of the vegetation indices, we averaged the
pixels intersecting with 50 m radius from each transect center,
separately for DESIS and VENuS data. In each temporal
profile, the mean index value is displayed along with the i
minimum and maximum values of the pixels intersecting the DESIS 2020 DOY:174 TILE: 002 D
circle circumscribing the transect. We chose maxima and 'm
minima to illustrate the uncertainty because (1) we want to |
emphasize the spatial heterogeneity of the landscape, and (2)
there are too few DESIS pixels associated with each 50 m
radius circle to estimate variance reliably.

41°32'15"N
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4.4.1 NDVI as a function of AGDD: Figure 10 provides a @
VENupS and DESIS views of the landscape from which we
display the temporal profiles. At this spatial extent, landscape
features that are recognizable in the 5 m VENuS image appear
as vague patches in the 30 m DESIS image. Comparing the
pixels within the transect circles, the 5 m data clearly captures
more spatial heterogeneity than the 30 m data. Figure 11 shows
the temporal profiles of NDVI as a function of AGDD for the
three transects. The temporally denser VENuS time series show
multimodality while the four DESIS data points distributed
across the growing season capture only the broad outline of land
surface phenology at each transect.

41°32'30"N

4.4.2 Al EClre, and CCIm as functions of AGDD: Figure
12 shows how three complementary vegetation indices portray
similar but distinct aspects of land surface phenology at transect

NO1 during 2020. The important features shared among the ; T s
VENuUS index series—but missing in the temporally sparse 8 pp—
DESIS data—are the multiple peaks and valleys during the year. < NDVI

Transect NOI (also N16 and N17) are transitional pastures >10.95

N
though which livestock herds move in spring on the way to A
higher elevation summer pastures and again during the fall =

return to winter quarters. Thus, we interpret the multimodality
as resulting not from atmospheric “noise” but from the dense
time series capturing actual pasture dynamics arising from
transhumance. Figure 10: Landscape settings of transects NO1, N16, and N17
displayed in NDVI image from VENuS (top) on DOY 177
(June 25, 2020) and DESIS (bottom) on DOY 174 (June 22,
2020). The circles show a 50 m radius from the transect centers.
Temporal profiles average the pixels intersecting the circles.
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Figure 11: DESIS and temporal profiles of NDVI as a function
of AGDD in 2020 for transects N17 (top), N16 (middle), and

NO1 (bottom). NDVI profiles show the transect VENuS means
with transect minimum and maximum in the error bars.

5. CONCLUSION

Our exploration of DESIS data in comparison with the high
spatial and temporal resolution time series from VENuS has
revealed some limitations in the DESIS geolocation in rugged
terrain and in the DESIS Quality-2 masks. In addition, the
higher temporal resolution time series was able to reveal
important transient dynamics in highland pastures that the
handful of DESIS scenes could not capture. This result is not
surprising. However, the comparative landscape visualizations
(Figures 6-8) and the density scatterplots (Figure 9) demonstrate
the DESIS data can capture some of the spatial heterogeneity of
landscape features with reasonable fidelity, albeit not at the fine
spatial resolution of VENuS (cf. Figure 10). Yet, the VENuS
dataset is very limited in spatial extent and temporal duration.
Thus, we are encouraged to investigate further the DESIS
acquisitions outside of the VENuS footprint to characterize
landscape spatial heterogeneity in the high elevation pastures in
other parts of rural Kyrgyzstan.
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Figure 12: Temporal profiles at transect NO1 during 2020 for
(top) the anthocyanin index (Al), (middle) the erectophile
chlorophyll index using the red-edge (EClre), and (bottom) the
chlorophyll/carotenoid index for MODIS bands (CCIm). Note
that error bars display the transect minimum and maximum at
each time point.
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