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A

» Ecosystem exerts positive/negative influence
on the vegetation dynamics, contingent on
the regional aerosol loading (Cirino et al. 2014).

* Impact of aerosols on primary productivities
inferred with the increased (decreased) CO,
uptake over canopy vegetation (Li et al. 2020).

« Optimal AOD increases diffuse radiation,
promoting carbon flux by enhancing
terrestrial productivity (Ezhova et al. 2018).

« Questions remain unanswered:
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Research on 'C fluxes and AOD'

Ecosystem exerts positive/negative influence
on the vegetation dynamics, contingent on
the regional aerosol loading (Cirino et al. 2014).

Impact of aerosols on primary productivities
inferred with the increased (decreased) CO,
uptake over canopy vegetation (Li et al. 2020).

Optimal AOD increases diffuse radiation,
promoting carbon flux by enhancing
terrestrial productivity (Ezhova et al. 2018).

Questions remain unanswered:

* To what degree are the effects on the primary
productivity inversed by aerosols (positive to
negative or vice versa)?

« How are the environmental and biophysical
variables altering the ecosystem fluxes, possibly
shifting AOD - NPP sensitivity?
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A

AOD - NPP trend (2001-2020)

* AOD trend was positive with 0.29 + 0.09, with
a local mean maximum of 0.91 at TGP.

« Spatial distribution of AOD pertains high with
minimal fluctuations in its intensity - represent
a mirrored C-belt.

» AOD concentration is associated with seasonal
cropping patterns and biomass burning.
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A

AOD - NPP trend (2001-2020)

« AOD trend was positive with 0.29 + 0.09, with
a local mean maximum of 0.91 at TGP,

« Spatial distribution of AOD pertains high with
minimal fluctuations in its intensity - represent
a mirrored C-belt.

» AOD concentration is associated with seasonal
cropping patterns and biomass burning.

* Max annual NPP was for the regions with wet
climate (0.76 + 0.14 Pg C Year™1); min was with
dry climate (0.21 + 0.06 Pg C Year).

 Trend with maximum amplitude during the
post-monsoon and minimum during the pre-
monsoon period.

0.5 NPP [Pg €} +0.5 5

« EBF zones (EH and WCP), a  significant
decreasing trend was observed for 5.61%.
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Effect of aerosols on Indian ecosystem productivity

NPPcasa and NPPigenpy Were
harmonised in amplitude and
annual  change, with a
difference being 0.03 + 0.06
Pg C year1.

Overall NPP of 1.72 + 1.21 Pg C
year-! with decadal amplitude
of 0.11 + 0.09 Pg C year.

Productivity for 2001-2010
observed an increasing trend
of 0.12 + 0.10 Pg C year1.
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Temporal dynamics
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NPPcasa and NPPigenpy Were
harmonised in amplitude and
annual  change, with a
difference being 0.03 + 0.06
Pg C year1.

Overall NPP of 1.72 + 1.21 Pg C
year-! with decadal amplitude
of 0.11 + 0.09 Pg C year.

Productivity for 2001-2010
observed an increasing trend
of 0.12 + 0.10 Pg C year1.

« Trend for 2011-2020 declined to 0.10 + 0.08 Pg C year-%; an overall positive trend with a decline in decadal trend.

« This trend shift was supported by most of the ecological regimes with PFTs of EBF and C3.

* Maximum productivity with the detrended anomalies: 2005, 2012 and 2018; minimum: 2008, 2011, 2013 and 2017.
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Decadal and seasonal variability

NPPrgrenpy NPPcasa NPPuopis NPPorcHiDEE NPPcim
Performance
Dl DZ Dl D2 Dl DZ Di D2 D1 DZ
Mean Overall 1.67 181 1.74 1.79 143 1.46 1.40 1.54 1.04 113
Winter 0.87 0.99 0.99 1.06 1.90 2.08 0.81 0.89 054 059

Pre-monsoon 0.66 0.72 1.05 1.03 0.37 0.29 0.57 064 099 111
Monsoon 2.59 272 2.41 2.13 1:13 1.10 212 227 168 184

Post-Monsoon 2.55 2.82 2.49 2.54 2.30 235 2.09 2.36 093 100

Statistics o< 1.05 112 Q.95 0.93 0.81 0.89 0.82 091 050 057
B 0.86 0.74 0.32 0.34 0.77 080 016 014

o 0.29 0.35 0.89 0.83 0.1 0.08 076 0.89

d 0.95 0.90 0.41 0.43 0.98 098 034 028

MAE 0.97 0.93 0.56 0.56 0.95 096 0950 103

RMSE 0.26 0.37 0.90 0.99 0.28 028 118 131

*»<0.05
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Decadal and seasonal variability

NPPrgrenpy NPPcasa NPPuopis NPPorcHiDEE NPPcim
Performance
D, D, D, D, D, D, D, D, D, D,
Mean Overall 1.67 181 1.74 1.79 143 1.46 1.40 1.54 104 113
Winter 0.87 0.99 0.99 1.06 1.90 2.08 0.81 0.89 054 059

Pre-monsoon 0.66 0.72 1.05 1.03 0.37 0.29 OB7 0.64 0.99 i o
Monsoon 2.59 2.72 2.41 213 143 1.10 212 227 168 1.84

Post-Monsoon  2.55 2.82 249 254 230 235 2.09 236 093 100

Statistics o< 1.05 112 0.95 0.93 0.81 0.89 0.82 091 050 057
B* 0.86 0.74 0.32 0.34 0.77 080 016 014

o 0.29 0.33 0.89 0.83 0.1 0.08 076 0.89

d 0.95 0.90 0.41 0.43 0.98 098 034 028

MAE 0.97 0.93 0.56 0.56 0.95 096 0950 103

RMSE 0.26 0.37 0.90 0.99 0.28 028 118 131

*»<0.05
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AQOD variability across ecosystems
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NPP variability across ecosystems
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NPP (Pg C)
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Effect of aerosols on Indian ecosystem productivity

AOD was inversely proportional to
NPP - exhibited considerable impact
when exceeds the optimal threshold.

Agroecosystems had maximum NPP
with higher AOD - the fertilization
effects were lower due to the
consistent, intense AOD load.

Vegetational adaptiveness in the
agroecosystems to aerosols was
stronger than in forest-based.
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AOD

05 1 15 2

stronger than in forest-based.

AOD > 42% (~0.81) of the threshold = stopes NPP
AOD < 14% (~0.32) of the threshold = raises NPP

« Maximum NPP for the forest ecosystems was when
AOD was 0.38, with persisted growth until 0.51.
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» Agroecosystem’s NPP growth was restricted by 0.59, with the maximum growth was observed at 0.49.
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Agroecological
zones

CPlat
ECP
EH
EPlat
GP
LGP
MGP
SPlat
TGP
UGP
WCP
WH
WP

WPlat

Hto S

NPP NPP, AOD NPP
0.4407 + 0.37 0.4610+0.38 0.4231+010  0.0003
0.7135 + 0.32 0.7296 + 0.33 0.4469 + 0.09 0.0000*
0.7959 + 0.34 0.8187 + 0.38 0.2894 + 0.12 —0.0003**
0.6674 + 0.48 0.6027 + 0.42 0.4813 + 0.11 0.0001***
02863 + 0.22 03421+ 0.18 0.4909 + 0.24 0.0002**
0.7404 + 0.45 07190 + 030 0.6014 + 0.17 -0.0004
0.6435 + 0.45 0.6057 + 027 05736 + 0.18 —0.0003***
0.5674 + 0.30 0.5527 + 0.28 0.3933 + 0.08 —0.0001**
0.5636 + 0.39 05601+ 0.35 05532+ 0.21 0.0002**
06209 + 0.41 06019 + 0.39 05592 + 0.18  0.0000*
0.9421+ 0.36  0.9482 + 0.37 0.3830 + 0.08 —-0.0004*
0.2014 + 013 01981+ 013 01289 +0.03  0.0001*
01390 + 0.14 01421+ 0.18 0.4982 +0.17  0.0002
0.4966 + 0.43 0.3797 + 0.37 0.3804 + 0.07 —0.0003**

*040.05; % 9,< 001 **p< 0.001

Effect of aerosols on Indian ecosystem productivity

AOD - NPP

Zones with permanent vegetation cover, sensitivity was increased
between NPP for higher AOD.

Possibly induced due to the structural complexity of the canopy over
the regions (ECP).

AOD positively influenced the canopy scale photosynthesis by diffuse
radiation and promoted NPP but less likely to crop canopy (MGP).

Other than agro regions, seasonal AOD concentrations influenced
NPP in the ecosystems.

Higher concertation of AOD nullified the effect and was non-
significant for all vegetation-structure canopy (GP).

The impeding effect of AOD across the agroecological zones of LGP,
MGP, TGP, and UGP altered the overall NPP by 11%.

Maximum negative effect: WPlat and EPlat
Maximum enhancement: EH, ECP, and SPlat
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Sensitivity acros
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* A non-homogenous response in the spatial sensitivity
and temporal trend.

£
ey
Optimal AOD = maximum NPP in post-monsoon ‘\%
High AOD = maximum NPP drop in pre-monsoon - |
« ECP represented a declining spatial trend in NPP; but S5 — ——— <
the zones with optimal AOD, induced greenness. | @'&

» Presumably, anthropogenic interventions in cropland management may have also steered the sensitivity responses of NPP.
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NPP (Pg C)
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 Optimal AOD across the canopy-based ecosystems induce ecosystem productivity in diffuse conditions rather than the

clear-sky condition.

+ When AOD load was beyond the optimum the radiation is cast to reach the canopy and is expected to decrease the
canopy radiative propagation and inverse the condition.

» Zones with complex vegetation canopy, NPP increases with high aerosol conditions as the diffuse radiation might have
enhanced the photosynthetic process of the shaded non-sunlit leaves.
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- Summary and caveats

* |AV and seasonal trend variability
» Agroecological ecosystems played dominant role in the seasonal trend and the tropical forests poised the overall trend.
* Exhibited a sensible increment in most of the ecological zones, with an overall increasing trend but not in decadal.
» Productivity peak was in post-monsoon owing to the response of phenology and decreased during pre-monsoon.

+ Feedback/Sensitivity

* AOD had a heterogeneous response to the NPP trend due to the canopy architecture, prodigiously in the forest ecosystems than the
agroecosystems.

* NPP sensitivity to AOD is dynamic by the radiation pathway and the canopy structure.

Effect of aerosols on Indian ecosystem productivity Slide 12 of 12



Summary and caveats

* |AV and seasonal trend variability
» Agroecological ecosystems played dominant role in the seasonal trend and the tropical forests poised the overall trend.
* Exhibited a sensible increment in most of the ecological zones, with an overall increasing trend but not in decadal.

» Productivity peak was in post-monsoon owing to the response of phenology and decreased during pre-monsoon.

+ Feedback/Sensitivity

* AOD had a heterogeneous response to the NPP trend due to the canopy architecture, prodigiously in the forest ecosystems than the
agroecosystems.

* NPP sensitivity to AOD is dynamic by the radiation pathway and the canopy structure.

* Caveats

» Considered the aerosol effects by governing the biophysical parameters, as AOD interactions with climatic parameters are limited to
derive a consistent conclusion.

* Time-dependent mono scenario study only highlights the region’s NPP, sensitive to AOD.

* Inconsistent significance in the sensitivity trend, due to the spatial averaging of multiple pixels that might have different phenological
and canopy structures with different radiation intensities.
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Thank you
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