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The Conceptual models
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* What are conceptual models?

* Why do we use conceptual models to assess complex systems?

* How can we develop conceptual models?
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Why do we use conceptual models to assess complex systems? |::> To understand and visualize how components in a complex

system interact with each other

*  Define system boundaries

* Capture the main areas of interest and the main issues in the case study (e.g., Water quality? Water quantity? Both?...)
*  Identify the main sectors in the system (e.g., WEF? WEFE? WEFL?...)

* Highlight the main interlinkages between the sectors of the system (e.g., FW? WF? Both?)

* How the key sectors interact each other (direction of the arrows; W>F; F > W; etc...)

* Mechanism by which sectors interact with each other (label in the arrows, e.g., F = W in terms of Water pollution due to fertilizers use)

* Driving forces (population change, climate change impacts, etc)

* Policies/decisions which currently affect or may affect the system

. Ident.ify potential syn.ergies and trade-offs among sectors . Policyon Water >
((S) increase AW - increase Fp; . Water quality | Energy for pumping water + m
(Tr) increase land use change, increasing pollution) T

Water for Hydropower production E he rgy

Climate
» Stakeholders that may be involved in each sector change

* Identify data needs, indicators, SDGs, etc.

*  Valuable basis for the development of further qualitative and/or quantitative model Food
V’: ! . i
E3ME model \ Policy on Food
m j: Capri model + I—— : —p—ro—d—u—Ct—lo—n ----- :
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How can conceptual models be developed?

It starts in an easy way ad then it gradually becomes more complicated

{

\ 4 l LA 4

1
precipitation groundwater )
| prechien | AVAILABLE LAND piren et
WATER 5
CLIMATE temperature streamflow resources demand
L T P - -
: . renewable ~"°7"7" transport
Pl warer T electricity slectricity i i
I A - . P ans %’f; o residential
\

evaporation II o
productive forest C L I MATE
land [ha] o _y e e
nuclear — .. tertiary {Irade,
commerce, service)

A
Water Protection

non-productive “7*":“’“7‘1"'"'""
forest land [ha]

i water use [m3]

and Management

Policies
V+ Energy Policy i @
tree types ’ ‘
FOREST |
A 4
4 Pik

y

tree volume N
hydropower

A

wind energy Watel'

» biodiversity

nuclear power | AVAILABLE Land Rl t P me
i indicators - abstraction/pumping microbioiogy

ENERGY
crude oil/ petroleum FOOd L water quantity
(availability)

Forest
Management |
” biomass Energy

Policies |
J] Climate

1st draft Final draft

The conceptual map needs to be representative of the case study
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How can conceptual models be developed?

It starts in an easy way ad then it gradually becomes more complicated

In order to better visualize the links among nexus components, it is possible to

create a conceptual map that consists of two main parts:

1) A “High-level conceptual model”: main sectors and major links; main issues; not necessary to show details

1) An “Extended conceptual model”: details of each nexus sector and the main links between its sub-sectors
and all the other sectors of the system
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The conceptual map needs to be representative of the case study



How can conceptual models be developed?

Latvia case study : high-level conceptual model

1) A “High-level conceptual model”: main sectors and major links; main issues; not necessary to show details
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...From the High level conceptual map

To the extended version map of each sector

E)

HEw



How can conceptual models be developed?

2) An “Extended conceptual model”’: details of each nexus sector and the main links between its sub-sectors and

all the other sectors of the system

Water

Latvia case study: extended conceptual model
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How conceptual map can be developed?

Latvia case study: extended conceptual model
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How conceptual models can be developed?

To make the conceptual map as representative as possible of the system under study 1t should
include stakeholders and local experts inputs from the start (if possible)

\ 4

The role of stakeholders and local experts is essential to achieve on-the-ground impact

It 1s important to:
» Identify and engage stakeholders from a variety of backgrounds across WEF nexus areas

* Ensure a continued involvement of local interested stakeholders to develop, refine, and validate the conceptual model

D

il IHE o The development of the maps usually takes some rounds of iteration



Hoff Framework, qualitative tool

Identifies how a nexus approach could add value in the respective context (e.g., increasing climate resilience)

Assesses, and when possible quantifies, the potential benefits from the implementation of the nexus approach
(e.g., benefit of potential increase in irrigated land and crop yield)

Specifies the different types and levels of stakeholders involved in the case study, their respective roles, and
what is required to make it successful (e.g., private or public sectors, academia, NGOs, ministries, etc)

Addresses relevant conditions and context factors including type (technical solutions, policy solutions, mix of
measures), scale and level (e.g., farm-level, community-level, national-level etc.), and the actual
implementation of a nexus approach

Defines indicators and required data for monitoring and evaluation of the implementation of the nexus
approach

Provides an outlook to the potential of the case study for replication and upscaling

Conceptual model can be used as a base for further analysis (qualitative and/or quantitative)

Other previous analyses can be used as a base for the development of conceptual models
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e.g., System Dynamics model.

Quantitative tool




....-' rom Hoff framework to Conceptual model...

Drought & Flood

Climate

I—§

People and livelihoods

1 Evaporation

O Seasons (sunlight hrs)

Environment

»> Pests & diseases

» Animal troops
(monkeys, foxes)

Identifies how a nexus approach could add value in the respective context (e.g., increasing climate resilience)

*  Assesses, and when possible quantifies, the potential benefits from the implementation of the nexus approach
(e.g., benefit of potential increase in irrigated land and crop yield)

Energy availabili
O Water quantity

0 — Water quantity

Food quantity

*  Specifies the different types and levels of stakeholders involved in the case study, their respective roles, and
what is required to make it successful (e.g., private or public sectors, academia, NGOs, ministries, etc)

Energy cost

Energy

¢ Addresses relevant conditions and context factors including type (technical solutions, policy solutions, mix of

Land

measures), scale and level (e.g., farm-level, community-level, national-level etc.), and the actual Green fuel

implementation of a nexus approach » Solar it Agricultural land
¢ Defines indicators and required data for monitoring and evaluation of the implementation of the nexus

approach T O Food production
*  Provides an outlook to the potential of the case study for replication and upscaling J Energy availability




 How can we develop the Hoff Framework?

Limpopo case study —> Sand rivers aquifers in southern Zimbabwe

» Main activities:
* Dryland farming and livestock herding
* Rainfed agriculture is predominantly maize, combined with groundnuts, sorghum, millet and some vegetables

» The area is characterised by a single rainy season from November to March

» Annual rainfall averages about 339 mm

Sﬁazﬂaﬁ& i
i\ rat

Area and percentage of the river basin for the four riparian states.

: : : a—— county et
Rain-fed agriculture is a very unstable source of livelihood - e T
Mozambique 79 800 20 %
South Africa 184 150 45 %
Zimbabwe 62 900 15 %
Total 408 250

» The small-scale farmers in the basin rely on water from sand rivers for irrigating their fields

Duker, A. E. C., Mawoyo, T. A., Bolding, A., de Fraiture, C., & van der Zaag, P. (2020). Shifting or drifting? The crisis-driven advancement and failure of private

https://www.limpopo.riverawarenesskit.org/LIMPOPORAK_COM/EN/RIVER/

HYDROLOGY/HYDROLOGY_OF_THE_LIMPOPO.HTM

Season | Seasonal Monthly precipitation
precipitation | (mm/month)
o o {mm/year) Nov. | Dec. | Jan. | Feb.
Recently a shift from diesel pumps to solar-powered pumps 3005710 2T si| ss| S| 18
2010/11 359 57 120 139 0
2011/12 271 58 96 43 30
2012/13 298 39 29 153 10
2013/14 372 71 70 74 26
2014/15 310 52 131 13 35
«“« . R . . H H H 2015/16 289 45 35 40 43
Sand rivers are ephemeral watercourses containing sand that are occasionally flooded with rainwater runoff during the rainy season. 2036117 | Zl ] izsl| @
Although the riverbed appears dry for most of the year, there is perennial groundwater flow within the sand.” Mpala et al., 2016. igﬂfg ;gg ;2 §5 3; 1;3
18/ 1 0 3 3
Mean 339 58 83 72 47
SD 87 15 52 49 42
cv 26% | 26% | 62% | 69% | 90%

smallholder irrigation from sand river aquifers in southern arid Zimbabwe. Agricultural Water Management, 241, [106342]. Variability of seasonal and monthly precipitation in the cropping
https://doi.org/10.1016/j.agwat.2020.106342 season, based on daily data retrieved from CHIRPS, 2019. Duker et

Mpala et al., 2016. https://doi.org/10.1016/j.pce.2016.03.004 al., 2020



https://doi.org/10.1016/j.agwat.2020.106342
https://doi.org/10.1016/j.pce.2016.03.004

Draft High-level conceptual model of the Limpopo case study
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....-' rom Hoff framework to Conceptual model...

Water S 1" Drought&Flood|
Climate 1 Evaporation
e The water is available from the sand rivers and is P :
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petrol pumps; link to available water 3 Energy availability
e Maintenance and installation of the solar system is
expensive
e C(Cost, availability and accessibility of solar (o%‘ess...
. . . . P
installation and maintenance is a challenge «0‘\““

Draft High-level conceptual model of the Limpopo case study



....F-rom Hoff framework to Conceptual model...

Food

e The farmers grow covo/ kale, potatoes, tomatoes, rape, sweet
potatoes, corn, carrots, pumpkins, onions, butternuts,
watermelons amongst others

e They also keep goats, cows and chickens
e Planning to increase land under irrigation and add more crops

e  Start fish farming
Socio-economic

e The land use change might have a considerable impact on
increasing food production hence increase in profits thus
improving socio-economic livelihoods of local people.

e The basin is facing challenges specifically for markets
availability, cost of transport to the markets,

o  Furthermore, the cost of energy (e.g., maintenance and
installation) from various sources can have an impact on the
socio-economic development

e Controlling of pests and diseases as well as wild animals
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Draft High-level conceptual model of the Limpopo case study




....From Hoff framework to Conceptual model...

The main activities in the case study are crop irrigation, livestock

rearing and fish farming using water from sand rivers. The farmers o ff
are using solar energy to pump the water. Solar pumping provides : Climate ‘ \
energy- and climate-smart agricultural water supply and supports [ Evaporatio
the shift of the energy system to renewables. With that it T I
contributes to climate change mitigation and it can reduce the cost > T ¥ z >
of irrigation and improve farmers’ income and then their 3! E : '''''''''''''''''''''''''''''''''''''''''''' g Environment g
livelihoods. %E g R N People and livelihoods -3 3 > Pes_ts & diseases 3
2: 5w W B 5 » Animal troops 5
The easy accessibility to water enhances crop diversification and % e E @ E ' §- § (monkeys, foxes) g
yield, hence improving food security & g & g '§ Lo 1
. : [ =l H .
Higher yields will lead to higher income; hence farmers can also ﬁ; = - .
increase the number of livestock they own. p /ﬁ:—'\ =
Energy O Population /
Land

m . _ ] ) Green fuel 8 Enerev cost t Agricultural land

ore livestock will result in more manure which can be used to > colar .0 gycost |
increase crop yield.

O Food production

0 Energy availability

Draft High-level conceptual model of the Limpopo case study



Draft of the Extended version of the FOOD sector
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...’ rom Hoff framework to Conceptual model...

Draft of the Extended version of the FOOD sector

The main activities in the case study are crop irrigation, livestock
rearing and fish farming using water from sand rivers. The farmers
are using solar energy to pump the water. Solar pumping provides
energy- and climate-smart agricultural water supply and supports
the shift of the energy system to renewables. With that 1t
contributes to climate change mitigation and it can reduce the cost

of mrrigation and improve farmers’ imcome and then their
livelihoods.

The easy accessibility to water enhances crop diversification and
yield, hence improving food security

Higher yields will lead to higher income; hence farmers can also
mcrease the number of livestock they own.

More livestock will result in more manure which can be used to
mcrease crop yield.

Soil

Grass
Animal feed

Organic waster

'
Organic waster
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....-' rom Hoff framework to Conceptual model...

N
A map could include, but is not limited to: Climate + Evaporation
P :
. zi g ¥ z Z
*  Main nexus sectors (WEF, WEFE, WEFL, etc) E: < DA S~ Environment | £
2: = T D . © . ©
. S oo Peopl d livelihood :
* How the key sectors interact each other (2 ; <) i3 %n N R RN »| eoPie andiiveiinoods £ = ; Zﬁ?}j‘t‘:ss::“ =
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* Sustainable Development Goals, targets, and indicators °°§ : 7o}
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* Policies/decisions Energy O Population , Land
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* Available data and source of data grie:‘ fuel O Energy cost # Agricultural land
olar === hsssssssssssssssssssssssssssmnnnnnns
* Stakeholders that may be involved in each sector
- .. T O Food production

R Energy availability




Take home messages

The conceptual maps:

* Help to understand and visualize how components in a complex system interact with each other
 Start in an easy way and then they build up in complexity

* Can be developed in two parts: 1) high-level, 2) extended version

* Have to be representative of the case study

* Give a clear overview of the WEF nexus in the case study

* Have to be clear and readable

 If possible, they should be co-developed with stakeholders and local experts

* They can be used as a base for further analysis (qualitative and/or quantitative)

 Other previous analysis can be used as a base for the development of conceptual model
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Day 2 Work instructions:

9:30- 10:00
Individual work: Answer the 6 questions about the Algeria case study and start brainstorming about how to develop the High-level conceptual map for that case study = Individual work 30
mins

10:00 -10:30 Tea
10:30-12:00
Group work: each group develops its version of the high-level conceptual map for the Algeria case study starting from the individual work developed and answering the same questions

provided for the individual work = Group work 90 mins

12:00-12:30
Exercise in Menti and Q&A (each group needs to identify a spokesperson to reply to the questions in Menti)

12:30-13:30 Lunch

13:30-14:30
Continuation of the group work = Group work 60 mins

14:30 - 15:00 Presentation of group work; 15 mins max each group + Q&A (each group needs to identify a spokesperson to present the work in plenary)

15:00 — 15:15 Tea

15:15 -16:00

Presentation of group work; 15 mins max each group + Q&A and feedback session on the tool (each group needs to identify a spokesperson to present the work in plenary)
+

Information about the field trip

Assignment: the group work is an Assignment that needs to be submitted on the OCW Platform by 06 February 2024 at 09:00 (CET Time)

The Assignment has to be labelled as “Conceptual map_Algeria case study_Group X”. X = number of the group



Day 2 WorKk instructions:

O While working on the conceptual model, answer the questions listed below
*These questions can help you in framing the case study and building the Conceptual map

1. What are the main sectors in the Ain Temouchent region? Please, list them in bullet points.

2. What are the main driving forces in the Ain Temouchent region? Please, list them in bullet points.

3. What are the main issues in the Ain Temouchent region? Please, list them in bullet points.

4. What are the main synergies and trade-offs in the Ain Temouchent region? Please, list them in bullet points.

5. What are the main SDGs that could be addressed by applying the WEF nexus approach in the Ain Temouchent region?

6. What is/are your main recommendation/s to the decision-makers in the Ain Temouchent region?

Assignment:

The high-level conceptual model for your case study + the 6 questions have to be submitted through the OCW platform by 6 February 2024 at 09:00 (CET Time)

In the “guidance getting started” uploaded on the OCW platform you can find a summary of today’s lesson
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Instructions for building the conceptual model

» Indicate each sector in a Box and colour each sector by using a different colour, e.g., Food

» Indicate each driver in an Oval and colour them in grey, e.g., Urbanization

'

X

Energy

» Indicate always the direction of the arrows and separate the links <¢

. . Hydropower production
» Indicate for each link the label on the top of the arrow

v

» Indicate in the map the main SDGs that you think might be achieved e.g.,

» Indicate in a separate slide the main Stakeholders that might be involved in each sector



Thank you
for your attention

Q&A

Sara Masia

s.masia@un-ihe.org
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THE ANTHROPOCENTRIC WATER-ENERGY-
FOOD NEXUS FRAMEWORK

D

=
=
—
=

U_

m

-

T

-



mailto:s.masia@un-ihe.org




	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33

