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Change can be uncertain and unknown

Increasing population, urbanization Limited resources

AND RESOURCES
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Impacting essential resource — food, water, energy...
Vulnerable and creating a need to adapt/mitigate...
Utilize the benefits of change/reduce the harmful effects...
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Conceptual models...

e Collate, visualize, understand and explain the issues and
problems relating to actual or predicted situations and how they
might be solved.

e organizational diagrams, which bring together and summarize
information in a standard, logical and hierarchical way.
Patricio etal 2016
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VISTA: Vulnerability assessment conceptual
model using Indicators selected by System’s
Thinking Approach
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Vulnerability — “the degree to which the system is susceptible to
and is unable to cope with adverse effects of change” - IPCC

Theoretical concept

Theoretical concept

Vulnerability

.| Operational
r/ definition
Stage 1 Stage 2 Stage 3
g _k ision-
== Characteristics — b Methodology r:::J\/ Del::ISIOI’]
= = -~ | making tool
|
WR-VISTA
L/

Systems thinking approaches using indicators




l Stage 1 l
Theoretical concept <I> Characteristics

Characteristics Examples of characteristic from literature




l Stage 1 l
Theoretical concept <|> Characteristics

Characteristics

Target system/unit Data source

Framework(s)

System division _
into components Indicator

Normalization

Weights
Spatial scale(s)

— Aggregation
Temporal scale(s)

Level of detail



Stage 2

Characteristics <> Methodology

Characteristics

_ Targetsystem/unit

System division
into components
Spatial scale(s)

Temporal scale(s)

Level of detail

Step 4 Data source

Step 5 Framework(s)

Step 1
Step 6 Indicator
Normalization
Weights
Step 2
- Aggregation
StEP 7 Develop vulnerability
Step 3 index



Step 5: Frameworks

Degradation of the

system caused by drivers

assimilative capacity of the

The environment is
characterizedby a
certain ‘state’

Factors/needs/acti
vity that disturbs
an environment

The changes in
the states
influenced by

Actions taken to
adapt/prevent/compensate/
ameliorate to changesin
state influenced by impacts

pressure

IPCC Vulnerability = f (exposure, sensitivity, adaptive capacity)
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Stage 3

Methodology Decision making tool (WR-VISTA)

T A P B e Y I
Biotic/abiotic information : | Stressor/water resource system |
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)
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Impact
(Before)

Indicator 1, 2, 3...; Response variable 1,2...

|
|
|
represented using indicators 1
|
Normalization, weights, aggregation :

S . S . . - L

1
o v} ~ Jy - —
8 — NBne ad NV
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> 5 I Vulnerability of water resources |
e = . (STEP 7) I

WR-VISTA : Modeling tool

IPCC - Framework (grey solid box-capital text): Exposure, Sensitivity, Adaptive capacity

DPSIR - Framework (Italics text): Driver-Pressure-State-Impact-Response;

Drop - Target system (water resource system); Hexagon — Stressors (climate change & variability);
Dotted spiral - characteristics of stressor & water resource system;

Black arrows - conceptual model flow; Dotted grey arrow/green box — estimation method
Adapted from Anandhiet al., 2016, Bar et al. 2015; Gallopin, 2006.

Selected using hard/soft/hybrid systems thinking approaches

Selected using deductive/inductive approaches



) ) ) . "
Contents lists available at ScienceDirect T

Ecological Modelling

journal hamepage: www.elsevier.com/locate/ecolmodel

CISTA: Conceptual model using Indicators

selected by System’s Thinking Approach for
agroecosystems

§| Steps involved

: o
Develop causal chains — &
$ by
I T g
Select biotic/abiotic a Estimate quantitative W
information, scales = information on — 2
‘]‘ ~ adaptation strategies &
Select sub-system(s) -y 1
e
| : |dentify & estimate =
¥ ¥ i
Identify study region & 2 indicators &
ecosystem A I
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‘ CISTA-A

Triple complexity-adaptation of
AS in a changing climate

Levels of adaptation
(quantitative
adaptation strategies)

End
Layer

@

[

2

E . I.'Z-n:!.pnnents

£ E. (indicators)

3

-

| Elements

v .

g 2 (biotic/abiotic

@ < | information)
| Multiple spatial &

! time scales

Emergent behavior that
cannot be simply inferred

from the behavior of the
components

l emergence
Incremental Systems Transformational |

2

QXS 2000” deee
Frost...GDD...spell... —
Agro-, hydro-, met-, indicators ‘ self-organization

i B R R i e R
Temperature, rainfall, flow, yield . ..
Measurements, survey information




Indicators

Climate Rain, temp... CREE
variables :

gl Vulnerability wi’t'::‘ ture

Interrelationships R — — — -
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Climate

(€)

Scenario funnel

| Indicators

1)

Analysis

(unknowable unknowns)

4

Complexity

(knowable knowns)

‘ (knowable unknowns)

Ns Ne Ny
=1 k.j =1 i—1 k.j.i
.'\;Fl?

El Average value of CF for a period
oL

~ The actual value of CF for a year - C,;-.__),-_,-
Rainfall (r) ft. t Trends,
Temperature = t, mix ’) ave uncertainty,
(tinin |, tave, tmax) X oo scenarios




Vulnerability — “the degree to which the system is susceptible to

and is unable to cope with adverse effects of change”
Adger (2006)-Intergovernmental Panel on Climate Change (IPCC)

..... A theoretical concept

( Climate .

Agriculture
l Water resources

hitpi oo -uq/al—/,g. laghaler him!

26 Feb. 2020 16/26
P 4



FLORIDA A&\/|UNIVERSITY

' Outline — VISTA & CISTA frameworks — food/water ...

»

p

~




FLORIDA A& \/IUNIVERSITY

- Study reglon Kansas, USA

26 Feb. 2020




Data: Kansas, USA

Variable name

Spatial scale (Temporal scale)

Precipitation, air temperatures
(maximum and minimum)

Evapotranspiration (ET), runoff
Stream flow

ET

Topography

Land cover

Soil

Area

Population

Water use, acres irrigated

Standard Precipitation Indexes (SPI)

Point, 26 weather stations data (Daily).

Details in Fig. S1, Table S1, Anandhi, et al. (2016a), and
Anandhi et al. (2013a)

8-Digit HUC-Hydrologic Unit Code, 90 HUC for Kansas,
(Annual)

Point, Model setup, calibration and validation during
1960-1965, 1951-1980, and 1971-2000 respectively
8-Digit HUC-Hydrologic Unit Code annual ET for the
period 1971-2000 is compared to corresponding
published estimates

Gridded-input to SWAT model (one time)

Gridded- input to SWAT (one time)

Gridded-input to SWAT (one time)

County-wise (one time)

County-wise data for the period 1980-2012 (annual)
County-wise data for the period 1980-2012 (annual)

Nine climate divisions in Kansas from 1895 to 2012
(1-, 3-, 6-, 9-, 12-, and 24-month referred as SPI 1, SPI 3,
SPI 6, SP1 9, SPI 12, SPI 24)




Indlcators VISTA/CISTA components
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Water resources variation [WRV)

Irtigation coverage

Water resources scarcity [WRS)

Population density

Average population change

Average annual precipitation (RF)

Average annual runoff

Average annual evapotranspiration (ET)
Wet Spell Length (WetSL)

Average WetS5L (AviWetSL)

Maximum Consecutive Wet Days [(MaxWetSL)
Dry Spell Length (DrySL)

Average Dry Spell Length [ AvDrySL)
Maximum Consecutive Dry Days [(MaxDry5SL)
Warm Spell Days (Warm5SL)

Average Warm 5pell Days (AvWarmb5SL)
Maximum Warm Spell Days [(MaxWarm5SL)
Cold Spell Days (ColdSL)

Average Cold Spell Days (AvColdSL)

No. of coldSL

Maximum Cold 5pell Days (AvColdSL)
Average Maximum temperature [Tmax)
Average Minimum temperature (Tmix)
Average temperature [Tave)

0.3-0.96
0.0-2.25
0.35-1.0
0.05-34.0
4.0 ta 7.2
4711-1006 mm
11-300 mm
400-806 mm
0.8-1.6
0.9-1.2
0.7-1.6
0.95-1.1
0.75-1.2
0.75-1.5
0.50-2.5
0.50-1.5
0.50-2.5
0.50-2.5
0.90-1.5
0.50-2.0
0.75-2.0
0.99-1.01
0.99-1.01
0.99-1.01
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Spatlal plots

Average water resources variation (WRV) A [b) Average irrigation coverage A
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Vulnerability index (El.)
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(a)
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Spring freeze
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Causal loops “,
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Maximum  Minimum
lemperature  emperature
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Plant phenology

—
Plant water

Harvest
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Crop variety
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ﬂ \ Temperature ‘\
/ Maximum Rainfall
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Summary & next steps

Stage 3
Methodology Decision making tool (WR-VISTA)
: Biotic/abiotic |nformat|on ! | Stressor/water resource system
i itan eloees woooz23 characteristics (STEPS 1- 4)
== Tofelsl_mﬂla_tlgni _(SIEES_]' _4)_ == . IL represented using stressor indicators
- Az 00 T TTTTT==== T oo
Water resources system ///A I":\ External stressors \ \\
(BP, E, S, BPES) s N I

Climate change
& variability -

Mh

State
(Before)

Driver- Pressure

“ Internal/stressor

1 characteristics (STEPS 5 and 6)

1 represented using indicators

! Indicator1, 2, 3...; Response variable 1,2...
Normalization, weights, aggregation

Impact
(Before)

=~ -
Climate i‘w-_’/ . ;
DI - oo ooooo A
I F B 1 Vulnerability of water resources
@, ! ‘(ISTEP 7)
- L

Response
(After)

WR-VISTA : Modeling tool

IPCC - Framework (grey solid box-capital text): Exposure Sensltlvl(y Adaptive capacity
DPSIR - Framework (Italics text): Drin
Drop - Target system (water resource system); Hexagon — Stressors (climate change & variability);
Dotted spiral - characteristics of stressor & water resource system;

Black arrows - conceptual model flow; Dotted grey arrow/green box — estimation method
Adapted from Anandhi et al., 2016, Bar et al. 2015; Gallopin, 2006.

Selected using hard/soft/hybrid systems thinking approaches

Source: Anandhi & Kannan, 2018, J. Hydrology

Next steps....

Unknown, known ...

C
D -

Mathematical representation

Food-Water-Energy nexus

| CISTA-A

Triple complexity-adaptation of
AS in a changing climate

Levels of adaptation
(quantitative
adaptation strategies)

End |
Layer

Components I3RS oo deee
(indicators) Frost...GDD...spell ..

Agro-, hydro-, met-, indicators

Intermediate
Layer

Emergent behavior that
cannot be simply inferred
from the behavior of the
components

| emergence

Incremental Systems Transformational

self-organization

‘ time scales

o 5 Elements EE 5

8 % (biotic/abiotic Temperature, rainfall, flow, yield .

@ 3 information) Measurements, survey |nforr|1at|on
‘ Multiple spatial &

Source: Anandhi, 2017, Ecological Modeling

Indicator ?

Aggregation method?

No validation da

ta

Discussion/Questions ?...

Anandhi (anandhi@famu.edu)
Assistant Professor

Biological systems engineering
Florida A & M University
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