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Objectives

1. To identify places where agricultural
landscapes are facing one or
multiple socio-ecological threats to
sustainable food production and
rank the threat levels to highlight
the areas where urgent actions are
needed [spatial data analysis]

2. To characterize diversity-based
interventions according to their
ability to help alleviate specific
threats [meta-analyses and local
expert knowledge]
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Rice transplanting by women farmers in Mandi District, Himachal Pradesh, India
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RESEARCH ARTICLE

A global clustering of terrestrial food

production systems

oodscapes mapping and their exposure to threats

Martin Jung®'*, Timothy M. Boucher?, Stephen A. Wood?3, Christian Folberth’,
Michael Wironen?, Philip Thornton*, Deborah Bossio?, Michael Obersteiner'-®

Homologous foodscapes

A

Fig 1. (A) The global foodscape map (combined for Ivl1 and Ivl2) for the terrestrial realm, (B) a layer where all foodscapes classes are remapped into
intensities of use. Owing to the large number of classes a legend is not shown. A crosswalk between the intensity groupings in (B) and the foodscape
classes can be found in S5 Table (S1 File). Owing to the large number of classes a legend is not displayed, however class descriptions and labels can be
found in S3 Table (S1 File).

Pressure exposure

https://doi.org/10.1371/journal.pone.0296846.q001
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Fig 3. Intersection of foodscapes area with biophysical and socioeconomic risks globally (A). Shown on a bivariate scale are those foodscapes most
exposed by single or multiple pressures, with darker green colours indicating a greater exposed proportion of the individual foodscape (Fig 1). Barplot
highlights the average proportion of exposed foodscape to biophysical or socio-economic risks. Circular plots show cumulative exposed proportion of
foodscape area by pressures separated by biophysical (B) and socio-economic risks (C).

https:/doi.org/10.1371/journal.pone.0296846.g003
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HUMAN WELL-BEING

Health

Economic
Environmental

CLIMATE RISKS
Vulnerability

Exposure
Adaptive capacity
NATURAL RESOURCES
' ' Multifunctional
Biodiversity
landscapes

Land degradation Quantity Qualit Species diversity Semi-natural habitats
Soil pollution Quality Y Genetic diversity Key biodiversity areas

lo o o s e e o e e e e e s e e R M e M Mmm M e R Mmm Mmm e M Rmm mmm e M Mmm Mmm M M Mmm Mmm M R Mmm M M M Mmm Mmm e M Mmm Mmm M M Mmm Mmm M M Mmm Mmm M M Mmm Smm M M Mmm Smm e M Mmm Mmm M e Mmm M M e Mmm M e e

* & 1
- D =y
Alliance \ =&
Bioversity & CIAT CGIAR




HUMAN WELL-BEING

Health

Economic
Environmental

CLIMATE RISKS
Vulnerability

Exposure
Adaptive capacity
NATURAL RESOURCES
' ' Multifunctional
Biodiversity
landscapes

Land degradation Quantity Qualit Species diversity Semi-natural habitats
Soil pollution Quality Y Genetic diversity Key biodiversity areas

lo o o s e e o e e e e e s e e R M e M Mmm M e R Mmm Mmm e M Rmm mmm e M Mmm Mmm M M Mmm Mmm M R Mmm M M M Mmm Mmm e M Mmm Mmm M M Mmm Mmm M M Mmm Mmm M M Mmm Smm M M Mmm Smm e M Mmm Mmm M e Mmm M M e Mmm M e e

Where are the threats? )M. AGII:SSBTI(())I?L\'II':E(I;;ITY —| What needs to be done?
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METHODOLOGY

Review Threat Create Database Set Data Hotspot : Interactive Online Tool
> > > . > Identify > . .
Methodology & Data Select Thresholds Analysis for Intervention Planning
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METHODOLOGY

Review Threat
Methodology

Systematic review of combining spatial layers

[F|Table 1: The search strings to retrieve the total number of publications. Step 1: Identifying
Search  string | Key words searched Number of
number articles
1 T5=("remote sensing" OR "GIS" OR "geographic information | 2377
system*" OR "spatial data") AND TS=("multi*criteria analy*is"
OR ‘"integrated assessment* OR “cluster analysis" OR Abstracks for quick
and efficient title

"hotspot” OR "bundles") and abstract
screening

2 T5=("remote sensing" OR "GIS" OR "geographic information | 1487
system™*" OR "spatial data") AND TS=("multi*criteria analy*is"
OR "integrated assessment*" OR "cluster analysis" OR
"bundles")

3 TS=("remote sensing" OR "GIS" OR "geographic information | 1547
system™*" OR "spatial data") AND TS=("multi*criteria analy*is"

OR ‘'integrated assessment®" OR "cluster analy*is" OR
"bundles")

* 1546 peer-reviewed articles identified in Web of Science and screened at the abstract level
e 435 selected as relevant according to our criteria
* 110 fully screened (intro, methods, results, discussion, conclusion)
* 50 extracted information about methods to conduct hotspot analysis, select thresholds,
weights, etc oy Y
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METHODOLOGY

Review Threat Create Database Set Data ., Hotspot N dentif ., Interactive Online Tool
Methodology & Data Select Thresholds Analysis Y for Intervention Planning

Criteria: Quality and coverage SCREEN DATA
* Global / national datasets at 1km or finer resolution D1

e License to use available preferable
* Optimal years: 2016 — 2023

Theme  Subtheme  Count D3

D2 Convert to

threat/ risk

Is it a threat
risk layer?

Administrative boundaries National, sub-national boundaries 4 D4
Agriculture Suitability, irrigated areas, crop production, yield, farm size, livestock, 27
etc. D5 A\ 4
Anthropogenic Anthromes, conflict, population count, etc. 12 ASSIGN
Biodiversity ELIC, ecosystem threat, intactness, forest integrity, landscape complexity, 15
Carbon NEP, NPP, albedo, etc. 4
Climate Temperature, rainfall, bioclimatic variables, extreme events, etc. 34
Ecological/climate boundaries Ecological zones, critical areas conservation, etc. 7
Economic Agricultural subsidies, geographic wealth distribution 2 . .
. Water || Environment Food || Energy || Social
Energy Solar atlas, photovoltaic power
Land-cover/ land-use LCLUC, wetland loss, tree cover loss, vegetation cover, etc. 37 COM PON ENTS
Nutrition Food Insecurity hotspots, etc. 3
Socio-economics Population census, land holdings, mortality, poverty, etc. 6
Soil Land degradation, pesticide application, soil properties, soil erosion, 2
etc. T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
1
Topography Elevation, slope, eastness, etc. 6 ! SET THRESHOL DS X
Vegetation EVI, forest cover, LAI, NDVI, etc. 20 | M m e e o s e e e e e e e e e e e e m e mm e m——— == !
Water stress, water depletion, water extent, seasonality, basin and sub-
Water . . . o 30
basin boundaries, water quality monitoring, etc. e L&J
o B
TOTAL 230 Alliance \ SZ&
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METHODOLOGY

Review Threat N Create Database Set Data Hotspot N Identify N Interactive Online Tool
Methodology & Data Select Thresholds Analysis for Intervention Planning
Permissible limits of drinking water quality

. Parameters USEPA WHO ISI ICMR CPCB

E Indicator 1 Bin ary Threat Layer 1 ’E:é::gﬂy)NTU 8585 6585 s‘s;-:.s 6.5;—59.2 6213805

> i onductivity (mg/l) - - . .

Choose threshold value Ialinity (mg) s e s o= 600

% Indicator 2 Pr. tionary principle] » Set threshold value » Score Threat Layer 2 :T:Z«:U::r;ess(mgﬂ) S @
% Indicator 3 ccautionaty princip’e Cat Threat Layer 3 250 000

a e Or itrate (mg = =

Sh | ndicator 4 8O [ | Threat Layer 4 | Zcrmn @ m @
g:::::.l?: (mg/l) - 75 75 200 200

https.//www.ncbi.nlm.nih.gov/pmc/articles/PMC3482709/
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Threat layers and threshold reclassification

Baseline water stress

Risk categories

N <10%

[ 10-20%

[120-40%

[140-80%

[ >80%

I Arid / low water use
b

Aqueduct 4.0, WRI

BWS = ratio of total water demand to available renewable surface and groundwater supplies
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Threat layers and threshold reclassification

Baseline water stress

Risk categories

B <10%

[ 10-20%

[120-40%

[ 140-80%

[ >80%

I Arid / low water use
3

Baseline water stress

Threshold application

[ ] <10%, Lowrisk
- >10%, Risk

‘s
%

Aqueduct 4.0, WRI
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Threat layers and threshold reclassification

Baseline water stress Baseline water stress

Risk categories Threshold application

B <10%
[ 10-20%
[120-40%
[ 140-80%
[ >80%
I Arid / low water use . N
v %

[ | <10%, Low risk
- >10%, Risk

Aqueduct 4.0, WRI

Surface water BOD Land degradation Intact landscapes

‘ " Areas with low human
:l No degradation D appropriation
1 or more degradataion process i )
- g p Human modified land -!: % L&
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METHODOLOGY

Interactive Online Tool
for Intervention Planning

Review Threat N Create Database -, Set Data Hotspot

Methodology & Data Select Thresholds Analysis Jelermidtsy

Permissible limits of drinking water quality

| d t 1 Parameters USEPA WHO ISI ICMR CPCB
E naicator Bin ary Threat Layer 1 mézgﬂy)mu 6.5:8.5 6.5:8.5 e‘s;-:.s 6.5;—59.2 6.5;-;3.5
Ll . Cond_ut_:tivity (mg/l) - - - 2000
5 Indicator 2 Choose threshold Va.h;e > Set threshold value > Score Threat Layer 2 | wiiiniiogs = su w0 w
Iron *mg - 0.1 03 1.0 1.0
A dicator 3 [Precautionary principle] Threat Layer 3 - e =
S naicator Category i3t (Mg = = 4 100 100
S : Threat Layer 4 | pcie o = 0 & 0 ®
Indicator 4 Chiorine
Calcium (mg/l) - 75 75 200 200
https.//www.ncbi.nlm.nih.gov/pmc/articles/PMC3482709/
Threat Layer 1 Analysis run with 3 methods B T
Threat Layer 2 * Reduce redundancy between all Spatv'\‘;"r:_'yr;e"pl'c't "t‘r’]era" T°tfp°tb'r‘fp i
. ich areas are the most vulnerable® 0Nothreets
Threat Layer 3 threat Iayers e  Whatis the level of threat? %221!2:::3:’"’“‘
Threat Layer 4 * Reduce noise *  How many threats faced by a location? —
*  What is the contribution of each
. indicator to the overall threat?
L 1.0Overlay analysis 0\
Combine threat
:ZZi-rtsrfto 2.PrinCipa| Component ana|ySiS cOmponent-wise hotspot map
Y *  Better context-specific interpretability
hotspots e ) for policy makers (e.g. Ministries of the
3.Cluster analysis government)
¥ Y
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Overlay Analysis Threat Layer

THREAT LAYERS:

* \Water stress

* Water quality

* Land degradation

* Livestock diversity

* Intact landscapes

e Climate vulnerability index

Threat score
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METHODOLOGY

Interactive Online Tool
for Intervention Planning

Validation and local co-design of solutions

* Context-specific
* Expertinput

-
—
Interactive tool
Visualization Interactive ; ‘2‘ g Threshold = 8
Where is the threat [ Threat * For researchers, A
for indicator 1? [ No threat policymakers, businesses [1]4]5
o 3216 Threshold =6
* User-specific threshold =151
+ — Where is the threat for adjustment TTals
indicator 1 & 2 combined? 31216 Threshold=4
7189
J
=
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