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Social-Ecological Systems (SES)

Understanding the drivers, mechanisms, and consequences of socioeconomic & physical
changes on the functional changes of the human system (HS) and natural systems (NS)
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Lessons from the Mongolian Plateau

Mongolia: Genghis Khan
Nomad Grassland



Vegetation type map of the Mongolian plateau
overlaid with isohyets (dashed lines) derived from
CRU TS323 mean annual precipitation (1981-2014)
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Regional trend of warm nights and cold nights
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Direct measurements of CO, and H,0O through eddy-
covariance towers on the Mongolian Plateau




Changes in livestock, policy, and climate in

Livestock (head)
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Challenges

1)

Central to the concept of the coupled
natural and human (CNH) system, humans
and nature are organized into interacting
sub-systems of a cohesive whole at
multiple spatial and temporal scales.

Quantitative linkages between the
elements between the human and natural
systems are rare!



The Asian Drylands Belt (ADB)

e 22 political Entities (PEs) in 17 countries
e 15.4 million km?, 10.3% of the global land area
* Three sub-regions: the Middle East (ME), Central Asia (CA), and the East Asia (EA)
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Nomad Societies

The Mongol Empire was the only authority that completely controlled the region during 13t and 14t century




First Persian Empire (522 BC to 486 BC)

https://www.bibleodyssey.org/en/tools/map-gallery/p/persian-empire



https://www.bibleodyssey.org/en/tools/map-gallery/p/persian-empire

Alexander’s Empire (336—323 BC)

(https://en.wikipedia.org/wiki/Alexander_the_Great#Conquest_of_the_Persian_Empire)
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The Roman Empire (27 BC— AD 476)
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Parthian Empire (Arsacid Empire) (247 BC to 224 AD)
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Sassanian Empire (aka, the Iranian dynasty) (224 - 651 AD)

https://www.google.com/search?q=Sasanid+empire&sxsrf=ALeKk0OIQKFgKI_IZxBFsfz9F54C3zGyPQ%3A1617462172370&ei=nINoYIqRFtCUtAaYoYzYAg&oqg=Sasanid+empire&gs_lcp=Cgdnd3Mtd2I6EAMyBwgjELECECcyBAgAEAOYBAgAEAOYBAgAEAOYBAGAEAOYBAGAEA
oyBAgAEA0YBAgAEAOYBAgAEAOYBAEAEAO6DAgECcQNQIQRhD6ATOECCMQJZoECC4QQz0CCAA6BQEAELEDOgSILhCxAXDHARCjAjoECC4QJzoECAAQQzOoHCCAQIXCTAjoHCC4QsQMQQzoKCCAQsQMQgwEQQzoFCCA4QsQM6BwWgAELEDEEM6CWgUELEDEMCcBEK8BOgEIABCXA
XxCDAToECC4QCjoHCC4QsQMQCjoGCAAQChADUNYfWMV_YM6IAWgBCcAB4AIABgQOIAdIOkgEIMTAUNSAWLiGYAQCEAQGaAQdnd3Mtd2I6wAEB&sclient=gws-wiz&ved=0ahUKEwiKz-KRrOLvAhVQCsOKHZgQAysQ4dUDCAO&uact=5




Islamic Movement (622 - 750 AD) Umayyad Dynasty (661 — 750), Abbasid Dynasty (750 — 1258)

https://mswoodshistoryclass.weebly.com/uploads/2/4/4/7/24472879/the arab empire.pdf
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- Islamic world under
Muhammad, 622-632
' Tarritory added by first

four Caliphs, B32-661

Tarritory added by Umayyad
Caliphs, 661-750

E Military campaigns



https://mswoodshistoryclass.weebly.com/uploads/2/4/4/7/24472879/the_arab_empire.pdf

Mongol Empire (1206—1294 AD)




The llkhanate Empire (in 1345 AD)
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Timurid Empire (1370-1857?)
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Ottoman Empire (14th and early 20th centuries)

The Most Extensive Boundaries of the Ottoman Empire
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Partitioned Ottoman Empire During the Treaty of Sevres (1920)

\ [ Ottoman Empire in 1914 - Kurdish Region ~ =====- Theoretical zones of influence

Treaty of Sévres e e .
1920 =i Armenia. without Azerbarjani —] Modern borders = Effective zones of occupation
( ) and Georgian territorial claims of Turkey (as of signing date/August 10)
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Russian Empires (1721-1917 AD)

The third-largest empire in history
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Chinese Empires (200 BC — present)

https://www.youtube.com/watch?v=zdHkY3XYHKA

s ~

Old Silk Road main routes
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Sources; NDRC; Commerce ministry; Digital Silk Road Project; IMF li I


https://www.youtube.com/watch?v=zdHkY3XYHKA
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.ft.com%2Fcontent%2F6e098274-587a-11e5-a28b-50226830d644&psig=AOvVaw2RkVPWz6eQ000APxe25kLg&ust=1617551773352000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCND1_J644u8CFQAAAAAdAAAAABAo

ADB: the terrestrial routes connecting East Asia and Southeast Asia with East Africa, West Asia and Southern Europe

Major routes of Human Migration & the Silk Road (chen et al. 2020)
A battle ground between the west (Europe) and east (China) for ~1500 years
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Change in anomalies of land surface air temperature (°C) (i.e., differences from the long-term
mean) for global land and ADB region during 1880-2000 (Data: https://www.ncdc.noaa.gov/cag/).

A much higher rate of warming than the average global warming, especially since 1980s
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https://www.ncdc.noaa.gov/cag/

Long-term changes in six social and economic indicators (mean, anomalies
and the differences between the ADB and the world
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Spatial Variability:

not homogeneous and with hotspots
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Long-term changes in six social and economic indicators (mean, anomalies
and the differences between the ADB and the world

POP, (Pers/km?)
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Population density in ADB region has been low and
continue being lower than the global average

Urban population has been surprisingly higher in ADB
Regardless of nomad tradition, livestock density has
been lower until 2006.

GDP per capital of ADB has been lower; its long-term
anomalies has been lower than the global averages,
with a quite stable period during 1970-1990

Recent geopolitical conflicts cause immediate, and
some lasting, consequences.



Land cover and land use changes across the ADB
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Land cover and land use changes across the ADB. (a) Composition of land cover for the ADB in
2019 (MODIS MCD12Q1) and major cover changes and (b) LCC from 2001 to 2019. Detailed statistics are provided in table S3.

(a) Land Cover
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SES Challenges:
Integrating the interactive dynamics
and underlying connections of system

properties, i.e., coupled dynamics of
SOCsys, ECONsys and ECOsys

GDP:POP

* GDP per capital; HANPP (Mg C/person), etc.

* LSK/NPP; GDP/NPP; LSK/ET?

Figur, I The working framework connecting the dots representing social,
econo and ecosystem functions and land use. The quantitative measure
for }dt s populatio (POP)g ss domes tp oduct (GDP), net prima )
p d ctivity (1 (VPP) of ecosystems, and livesto k(LSI\) p ctively. We foct

n the cha g ratios between any two measures in Inner Mongolia (IH) nd

Here are some empirical evidences! Vingoia (16) beween 1981 nd 201,



Changes in Livestock density (LSK,) with GDP per capita (GDP,) (a) and ET
(b) in KaZ and MG. Each data point represents the provincial means in 2016
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Interrelationships among SES
indicators

1) Are society functions
dependent of natural functions
(e.g., Fig. d-f)?

2) Would population/economic
increases affect ecosystem
function and agricultural
productions?

3) What are the differences
among ADB countries?

4) Others?
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GPP (g m?yr?)

The interdependency at regional level
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The interdependency at regional level

Empirical relationships between economic (GDP ) and social (LEI) measures
with GPP for the ADB region using annual PE data of 1992-2016
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The interdependency at regional level

Empirical relationships of LSK density (LSK;) with (a) GDP per capita (GDP,.) and (b) ET in 2016 using the provincial annual
statistics of three countries. The dashed lines represent the trending of the three countries with a power function.
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The interdependency at regional level

Amount of land (%) that experienced changes in cover type during 2000-2020 based on the MODIS cover type products.
Cyan, green, and yellow represent PEs from the Middle East, Central Asia and East Asia, respectively. Standard deviations
(SD) during 1992-2016 were calculated by grouping the PEs into high LCC (>9.1%) and low (<9.1%) groups, with an
overall average of 9.1% (vertical line in the left bar plot).
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Integrated SES metric: a single metric for integrating SES function:

CES JGDP-(A-NPP)
m1 = POP ETK/ 2
Where
1) The unit of NPP can be converted to S yrt
1) GDP: Gross Domestic Production (3) based on monetary valuations of ecosystem
2) NPP: Net Primary Production (Mg C.ha'yr-1) services, resulting in SES, ., with a unit of S

yr!pers! mm

3) POP: Population Size (person
) P (P ) 2) Thus, SES_; can be interpreted as water use

4) WUE: Ecosystem Water Use Efficiency (NPP:ET) efficiency of SES performance. When energy
consumption replaces ET, SES_, becomes a
5) A:Lland Area of the SES (km) measure of energy use efficiency:.

6) A-NPP: Total NPP of the SES (Mg C. year) Chen et al. 2021



Admirably, many metrics have been developed in each discipline

SOC

sys

Population size

Life expectancy Index
Education Index
Health Index

Years of Schooling
Prisoner Population
Crime Rate
Unemployment Rate
Poverty Index

Urban Population
Literacy rate

Labor Force

Net Immigration Rate
Family Size

Sex Ratio

Age structure
Birth/Death Rate

£CO ECON,,,

sys

e Gross domestic production

« 2ndand 3 Industrial Production
e Gross Capital Formation

* Health Expenditure

e Steel Production

* Consumer Index

* Energy Consumption

* Ag. Livestock, Forestry Production
* Income Index

* |Import/Export

* Remittance

* CO, Emission

* Foreign direct investment

* Inflation

* Military Expenditure

e External Debt Stocks

* Domestic Credit

* Gross Primary Production (GPP)
* Net Ecosystem production

* Evapotranspiration (ET)

e (Carbon Sequestration strength
* Ecosystem Respiration

e Global Warming Potentials

* Biomass

e Livestock

e Grain production

e Time Volume

* Canopy height/cover

e Stand Density

* Number of Species

e Leaf Area Index

* Diversity Indices

* Soil Water, N, P,

* Water Retention



Here introduce the new SESometric: SES, .,

Note: IMoSES is used in the final publication (Chen et al. 2021)

GDP (NPP-A)] 1

SESZ, = |
ml  |pop pop | ETX

(NPP-A)
POP

is called HANPP.

1) The term

__ GDP 1 NPP
POP POPJ/A ETK

2) The four forms (Egs. 1-4) are different

__ GDPpc

- WUE whenk =1
POPd
3) The term \/GDP + (A - NPP) can be interprete _ [JGDP.(A.NPP) Z 4
POP ETK

----- ~

a measure of total SES production; it depends .

GDP-(A-NPP) . L AR
whereas J P(OP ) is an indicator of SES SES,; = \/GDPPE;“PNP”L..

1
ETK/Z

—————

production per capita.



We used public data sources
during 1992-2016 to
calculate SES, ; and to make
cross-entity comparisons
between SES_, and other
metrics in natural and social
sciences.

SI-1. Variable names and data sources for SES,,, calculations and verifications. GDP in 2020 USD is deflated to
constant 2011 dollars using the consumer price index (CPI) from the Bureau of Labors Statistics. Daily carbon price
is available. We used the average carbon price of 9.966 Euro per ton of CO, and currency exchange rate of $0.7875

per Euro during 2009-2020 due to a lack of price data before 26 October 2009. Livestock was converted to animal
unit (Au) equivalents following conversion from livestock to sheep by the FAO

(

Variable (unit) Source

Webpage

Political Entity (PE) level (1992-2016)

AVHHR
CRUUEA
SNA of UN
N
cRUUEA
FAOSTAT
ws

SDI Team
we

CO, & N,0 emission [Ri:]

MOD17A3
MOD16A3
Yearbaoks
B L) Yearbooks
Yearbooks

http://glcf.umd.edu/data/glopem/

https://earthdata.nasa.gov/

http://www.cru.uea.ac.uk/data

https://unstats.un.org/unsd/snaama/Basic

https://population.un.org/wpp/Download/Standard

http://www.cru.uea.ac.uk/data

http://www.fao.org/faostat/en/#data/QA

https://datacatalog.worldbank.org/

https://www.sustainabledevelopmentindex.org/
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Calculations of the intermediate variables and IMoSES from six input variables for Inner Mongolia (IM) and Mongolia (MN)
to illustrate the changes of input variables, intermediate variables and IMoSES. Because of the large differences between the
two jurisdictions, independent vertical axes are used for MN (leftmost labels, blue) and IM (rightmost labels, grey). The
vertical axes are scaled for easy visualization of the changes over time.

Input Variables

Intermediate Variables

Integrated Metric

<}1§P(k;n-)»1 GDP,, ($ pers yr'!) IMoSES
$yrh) ] ot ($? pers2 yr? mm-2)
POP (pers) - POP, (pers km2) | |
Carb rice ($ Mg / o1 or-1:S mare-1 V- 18T
GPPal(gcigé)lyllS?.% m-gyi--l) [NPP,. (Mg pers! yr 1 pers1 Yt I;: GDP (NPP -A)} 1
: . K
PET (mm yr-!) WUE (gg™) POP  POP ET
POPy4 IMoSES

POP (x105) |

Year
Values of the variables in Inner
Mongolia (IM) and Mongolia
(MN) in 2016
Var. IM MN
A 1.15x106 1.565x106
POP 25201000 3027398
GDP 21.91 1.93
GPP 3545 193.8
GPP* 102.7 56.2
PET 957 853
POP,4 21.91 1.93
GDP,, 9486 3463
GPP,;; 16.18 100.17
Yeii Yaii WUE 0.37 0.23
IMoSES 160.4 413.0



Boxplots of SES_; & its three components during 1992-2016
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Distributions of SES_, with Palmer Drought Severity Index (PDSI) and
Human Development Index (HDI) for the 18 political entities

* The strong correlations with
PDSI indicate that SES_,
changes with environmental
conditions, similar to the idea
behind the environmental
Kuznets curve.

* The observed decrease in LSK
with SES, ., indicates the
potential constraints of SES
performance on livestock
development.
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It appears that

* The SES,,; is a product of GDP,. and HANPP, rather than the linear sum of three
components;

* Proposed SES, ., addresses the lack of environmental regulatory function that is missing in
the HDI;

* In-depth investigations are needed to explore how well SES_ ; aligns with other
indicators;

* The relationship between SES_, and other social indicators would increase
understanding of the alignment between GDP and social aspects that together
encapsulate the idea of economic development;

* From a global perspective, it would be important to identify countries with similar SES_,
trajectories, which are indicative of similar dynamics among the three pillars.



Sustainability Index (SI) of (a) 1992
the 22 political entities in
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(2016 was included in Chen et al. 2021)
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In Sum, the major challenges for the sustainability of ADB SES include:

1)Reduced water quantity and quality under warming, drying, and
escalating extreme events

2)Continued, if not intensifying, geopolitical conflicts
3)Volatile, uncertain, and shifting socioeconomic structures
4)Intensification and shifts in land use for land cover change

5)Globalization and cross-country influences



Conceptual framework illustrating the research approaches for SES. The entangled
elements of EcoSys, SocSys and EconSys are driven by changes in global climate,
market, technology, informational technology, etc. for modeling the SES dynamics.
Institutional structure and shift are proposed as the foundation for understanding the
complex interactions among the nodes of the three pillars, with LCC mediating the
interactions and feedback among three pillars.
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Each management option is accompanied with some
expectations and many surprises

1) Jafar tricked by Aladdin: the power fighting for the
lamp between evil and people continues
throughout;

Wish Granted.
Now Available On DVD!
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Growing islands
(120/year) were
measured because of
large amount of
sediments carried down
from >2000 km polluted
Yangtze River.
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The island has been growing
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Invasive Spartina on coastal islands
of eastern China.

It provides a powerful filtering

function clean water from heavily
polluted Yangtze River and higher
carbon sequestration;

o ‘But native species lose their habitats




Policy-Driven Migration in Mongolia




Abandoned village in Inner Mongolia, China




