E;AF Interacting effects of socio-political and
o environmental factors on rangeland
dynamics in the Altai Mountains in

Central Asia

Liza Iegorova, Misha Paltsyn, Shahriar Heydari

- - State Unll;ersn’j/“of New York College of
Environmental Science and Forestry

"\" ~y
'—& “ J

™ A

™,




NEW YORK, MONDAY, DECEMBER 9, 1991

——

— - Llll Edl‘lion
“All the News wn
i That's Fit to Print™
VOLCXLI... N "'Js.sno ) NEW YORK, MONDAY, DECEMBER 9 1991 cRNTS

DECLARING DEATH OF SOVIET UNION RUSSIA
- AND 2 REPUBLI CS FORM NEW COMMONWEALTH

TAKE @VER A-ARMS

Frantlc Moves Came to nght The New and the Old
In Days Before Maxwell Died| | oo

_ uHuana — | 4

| 14
As the Empire By STEVEN PROKESCH sraomuss — vhy
Was Crumbling
PR p—

Mewhorn Bureaucracy ls
Inheriting Functions
of Old Authority

A remarkable opportunlty to better understand the soual and
economic drivers on rangeland change because it presents a
nomogeneity of culture anc ecolozy (high elevation grasslands
sharing the distinctive Altai biota) ntcrcectad by o striking
geopolitical differences

- | WFLA AL TN & vannir ol T TN R T TR eeweer i
B Now Yol T | .. . happened. This s a facl thes can coe T ded. whether kit I nthe
Ever wince the| Make His f_‘,f‘f:p\r'f lear Iy I 1 is Ihey 2 g PURET N Ao b
he al, the Soveet Lmion P i i ¥
b ra






Russia

Novosibirsk

\ Hosocubupcek
»_/’/’Jh\/ ; [+
[: by N /__\
Astana 5
Acrana :;
B - i S
\N\I A~ :' 2 Y = \/\ N v /
\\/\/ o= 7 L5 \“// \7\/

Kazakhstan (‘j i

J
A\
/H/‘ \ Mongolia /—~\,
S ( >4
,//\ < = —
= )‘5 \
/\. f o, AR \ A v /—}
a0\ | ¢ S k Uzbekist'arL /;‘; s /\’ TR

.~ Kyrgyzstan Beijing
7\1/'\/ /‘ A -
~\\ f g\mﬁ’ prove 1%!% »

A X
Turkmenlstar\ \STajikis;ani
e v ST
Vs N A
’L\/r‘ . TN Yellow

China

l( 2
Afghanistan §—
? 9 l) L7 20 Shanghai

Changes after the 1991 USSR Collapse:

China’s Altai Mountain area grazing systems remain similar to those in Mongolia, Kazakhstan
and Russia during the Soviet era: carefully planned, heavily subsidized and intensive.

This is in stark contrast to Russia’s and Kazakhstan’s livestock industries, which have dwindled,
and Mongolia’s, which have both greatly expanded in response to global markets for cashmere
and changed in herd composition.
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Examine land-cover change consequences of the
collapse of top-down government approaches to
managing grazing resources of mountain regions.

Photo credits: James Gibbs, SUNY-ESF



Q1: How accurately do satellite data capture vegetation cover
in grasslands?




Ground Validation of NDVI-Vegetation Relationship
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Both Aqua and Terra VIs for May were
highly predictive of July vegetation cover Predict
(R?=0.80-0.84)

Paltsyn, M.Y., Gibbs, J.P., legorova, L.V. and Mountrakis, G., 2017. Estimation and Prediction of Grassland Cover in
Western Mongolia Using MODIS-Derived Vegetation Indices. Rangeland ecology & management, 70(6), pp.723-729.
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We can now:

Estimate current vegetation on ground using satellite data
Map rangeland conditions efficiently across entire region
Predict conditions 1-2 months ahead




Q2: Do promising new RS classification methods (Deep
Learners) offer substantial advantages?



Deep Learners have demonstrated significant advances in
multiple fields. What is their added value for RS tasks?




Meta-analysis of 92 studies — Deep NNets vs SVMs
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Convolutional Neural Network (CNN), Deep Belief Network (DBN), Stacked AutoEncoder (SAE)



Meta-analysis of 92 studies — Deep NNets vs SVMs
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Meta-analysis of 92 studies — Deep NNets vs SVMs
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Convolutional Neural Network (CNN), Deep Belief Network (DBN), Stacked AutoEncoder (SAE)



Meta-analysis of 92 studies — Deep NNets vs SVMs
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Effect of Spatial Resolution: Benefits slightly higher for smaller pixel sizes



Meta-analysis of 92 studies — Deep NNets vs SVMs
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Effect of Network Complexity: No need to overcomplicate things!



Meta-analysis of 92 studies — Deep NNets vs SVMs
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Effect of Spectral Resolution: Limited



Meta-analysis of 92 studies — Deep NNets vs SVMs

DNN classification accuracy (%)
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Meta-analysis of 92 studies — Deep NNets vs SVMs

Deep learners are promising for VHR data

In House >3M reference samples

Collaborations
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Moving from Pixels to People

Q3: Can we link Traditional Ecological Knowledge to
satellite-derived vegetation indices?



TEK in relation to NDVI




Q4: Can a socioecological model explain vegetation trends?



Interacting effects of socio-political and environmental
factors on rangeland dynamics in the Altai Mountains in

4 )

Economic
Setting

* Access to market
* Average price per
type of livestock

&

Data collection

complete:
50+ herders
interviewed in all
four countries

Central Asia

Social:
* Herd sizes
Ecological:
* Rangeland condition
(LANDSAT/MODIS NDVI)

/ Resource Users \

* User numbers
* Socioeconomic attributes
* History of use
* Leadership
* Norms/social capital
* Importance of resource

* Knowledge of social-ecological
system

Outcomes ) Governance

\

System

* Operational rules
* Collective choice
rules
* Monitoring and
sanctioning
processes

Synthesis now
In process



Herders Survey
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Analysis Ongoing — Early Results
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Perceived impact of management on livelihood
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Moving from Pixels to People

Q5: Can we generate a timely, policy-relevant rangeland
dynamics monitoring tool?




“Vital Signs” 28 regions

e 4 indicators

Altai Vital Signs » “real-time”

Select an indicator
Productivity

Land surface temperature
Precipitation

Snow

Km

Created by Bradley Cosentino and James Gibbs



“Vital Signs” 28 regions

e 4 indicators
e “real-time”

Current land surface temperature
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Productivity

Altai Vital Signs: Productivity (NDVI, EVI)

Biweekly NDVI & EVI relative to historical observations.

Choose a productivity metric
@ NDVI
OEVI

Choose a monitoring unit

4. Katon-Karagayskiy / Katon-Kaparaickui W

NDVI & EVI are measured on a scale from 0 to 1. Values closer
to 1 indicate dense vegetation.

Data source: MODIS/Terra Vegetation Indices, MOD13A1 v6
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Land Surface Temperature

Altai Vital Signs: Land surface temperature (LST)

2019 LST time series: ul

Biweekly land surface temperature relative to historical
observations. 2019 LST —
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95% of historical observations ~ ------
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Data source: MODIS/Terra Land Surface Temperature, MOD11A1
v6



Altai Vital Signs: Precipitation

Cumulative daily precipitation relative to historical observations.
Choose a monitoring unit
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Data source: CPC Global Unified Precipitation data provided by
NOAA/OAR/ESRL PSD, Boulder, Colorado, USA
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Snow Cover

Altai Vital Signs: Snow cover (SNOW)

2019 SNOW time series:

Maximum snow cover during-day periods relative to historical

observations. 104
Choose a monitoring unit
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Grid, Version 6



Next steps

* Modeling
— Forecasting NDVI & EVI
— Finalize Deep Learning classifiers
— Complete SocioEconomic Model

e Qutreach

— “Lite” version of our web portal for weaker internet
connections in region

— Workshop among stakeholders on tool use in late 2019
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