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Governing IE to solve a four-body problem L e

CGIAR

INn celestial mechanics, a three or four body problem
presents fiendishly difficult mathematics — meaning the
gravitational motion of three or four planets / moons /
spacecraft cannot be easily resolved.

Likewise, applying irrigation efficiency to resolve four goals

1) reduce aggregate water depletion; 2) not cut crop
production (esp. staples/cereals); 3) not increase energy
use (esp. CO, emissions); 4) enhance water equity between
farmers & between sectors

Is mathematically complicated due to high number of
system factors which are often uncontrolled/not managed

https://en.wikipedia.org/wi_ki/N-
body_problem

If we apply IE in isolation we may raise water consumption (which can add
crop biomass but change crops), increase energy use & sharpen inequality

Instead, to achieve nexus /SDG goals, we need to govern IE & interconnected
system factors & drivers that affect multi-scale irrigated systems & catchments



Irrigation efficiency; a beguiling ratio
Mathematically, IE is the ratio of crop beneficial consumption to irrigation
withdrawals (classical IE) or ratio of BC to irrigation depletion (effective IE)

IE is at the centre of contradictions contributing to the four-body problem of
something difficult to resolve and govern. E.g. an increased |E occurs if we

« ..INncrease the proportion of BC relative to withdrawals
« ..decrease withdrawals relative to BC
« .. convert non-recovered/non-ben C to greater BC and/or lower withdrawals

IE is at the centre of complicated distinctions between real water savings (a
drop in aggregate depletion at the catchment scale) and paper water savings
(lower field level applications and/or a cut in water withdrawals)

IE Is indirectly mediated via changes to irrigation technology & practices
IE & agro-hydrology: very difficult to measure across field, system, basin scales

Raising |E redistributes water in a paracommons; a commons of salvaged water
—who gets the material gains of an efficiency gain? I

== :
. . NI~ NEXUS Gains
IE is an interconnector between water actors/paracommoners CGIAR



Effective irrigation efficiency

The role of recovered water in defining > _
EIE = BC / Irrigation depletion

irrigation efficiency and water accounting

Classical irrigation efficiency
CIE = BC / Diverted supply
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Not governing IE gives unforeseen or Ly oo |
° ° NEXUS Gains
undesirable nexus orbits as a four-body problem

Powerful irrigation actors
IN basins gain more water

Raising irrigation

efficiency in

Move to commercial isolation
horticultural row crops;
risking broadacre staples &
cereals

Greater energy consumption

More water consumption

Www.cgiar.org
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undesirable nexus orbits as a four-body problem =

Improve equity between
water sectors

Raising irrigation

efficiency in

Sustain food production isolation
and security

Increase energy consumption

Reduce water consumption
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DIHICUIt to govern aue to politicaleconomy of IE !

& irrigation/water infrastructure. Costs & risks ==
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Old waste dippelies in sugaca ne;&é‘ drip for ta g es Jordan
More/changes to, irrigation infrastructure (irrig area, intakes, canals, pumps, pipes,
storage, boreholes, infield tech & soil mgt, energy) = harnesses, stores, withdraws &
distributes more water = drives up consumption

Subsidised/political economy of rural/farmer electorate in ‘modern agric’' narratives
« Energy emissions (if fossil fuel): 0.0 kg CO,/m?3 (gravity) to 0.2 kg CO,/m?3 (drip)

« Drip suits horticultural row crops (not cereals/staples = food security concerns)

« Drip suits water-rich commercial growers, not smallholder/public irrig. systems

« Brings social costs to farmer groups operating/maintaining pressurised systems



Sustaining (pareto-checked) crop production .
when cutting aggregate depletion S NeXUs Gains

CGIAR

Thorny question at the centre of resolving the four-body problem of |E:
Can we reduce aggregate water depletion in irrigation for reallocation to
other sectors/users without cutting crop production?

PhD research on rice irrigation in southern Tanzania by Machibya Magayane unpublished

| Wat

Higher |E raises crop productivity if water to and within irrigation is controlled:
« Puts greater % of withdrawn water to crop beneficial consumption and growth

« Improves water timing/scheduling between farmers, reduces the duration of crop stress

* |Improves water uniformity within-field, and cuts non-recovered and non-beneficial
consumption arising within water distribution, and within & at the edge of fields

« Enables agronomic practices such as deficit irrigation, fertiliser dosing, & mgt of soil salts
« Reduces nutrient leaching, potential soil erosion, costs of pumping / filtering water
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A comprehensive accounting model of agro-hydrological Lankford 2023

change is central to governing & solving benefits of IE o et
Accounts for catchment supplies & water allocations

Connects withdrawals/rules to net & gross irrig req = expansion of primary zone
Distinguishes between unused & reused recovered fractions/flows

Computes redistribution of paracommoner/zone dispositions #Proprietor beneficia
consumption (PrBC

.
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Inducing a paradoxical rebound from raising IE "
See appendix slides ﬁlf NEXUS Gains

Higher aggregate depletion & total irrigation BC ~ Same withdrawal as baseline & higher IE

Reuse zone decreases in area & BC in primary zone generates expansion
zone & higher PZ+EZ BC

I
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... s .2 (PrNBC)
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practices & S & Proprietor non-rec
infrastructure A flows (PrNRF)
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Reduced flows for Society Reuse zone (NbNBC)
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Www.cgiar.org & other factors
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Achieving pareto-neutral real water savings |

T p—
See appendix slides ﬁlf NEXUS Gains
Lower aggregate depletion BUT SAME total zone irrigation BC Higher IE & reduced withdrawal to match
Reuse zone decreases in area & BC lower GIR, enables larger primary starting

area but no expansion; higher PZ BC

I
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c @
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practices & < g Proprietor non-rec
infrastructure A flows (PrNRF)

Neighbour beneficial
consumption (NbBC)

> Neighbour non-BC
Increased flows for Society Reuse zone (NbNBC)

1 (o)
society and nature (Neighbour) IE%
Www.cgiar.org & other factors
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Governing IE; managing real water 4. Cross-cutting dimensions to achieve, monitor & enable

flows in multi-scale irrigation Systems reductions while controlling for rebound & crop yields
A

Lankford & McCartney. Due 2023. Edited by Jerry Knox s N\
i
E - Crop-level; water requirements /\
5 5 2 \
- N . .-
‘g S 3 [ Infrastructure design for manageability
o ?g k) Field-level; water applications, scheduling L
© =@ mmmmtiomes — ok O\ abar cOUCES [ Systematic monitoring inputs and outcomes
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o
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g 5 E [ Actors and motives
g = System/basin-level; withdrawals, inter-system L
< apportionment & water sources Allocation incentives, pressures and enablers )z
@ 6. Direction
3. Translating withdrawals into consumption-based savings for nature (bottom-up

or top-down)

5. Accounting for basin allocations, consumption, total crop production & other benefits and costs



Conclusions

* Flourishing frugal irrigation benefits crop production, water reallocation, energy
& emissions, and water livelihoods & equity

 To control the rebounds, gains & costs from raising irrigation efficiency requires
us to govern IE & its associated factors. This is not an easy task.

 Water conservation; distributive interpretive act — confounding prefigurations

« Resolving the four-body problem of irrigation efficiency means we will need to
manage better 1000s of hectares of gravity/surface irrigation globally

« Requires better/more empirical research of irrigation at different scales.
Yet we have lost all Master’'s degrees in irrigation

« With these lacks, are we putting our faith in models, & too few ‘single scale’
water mgt tools? (E.g. satellite images, soil sensors, & social qualitative data)

« Governing irrigation (& efficiency) needs a comprehensive approach across
different scales, disciplines and voices, using variety of quantitative/digital/social
tools; whilst bearing down on political economy of |E & water extraction.

False precision & assumptions with agcounting if little field research B s
NNZ NEXUS Gains

Democratic scenario-building & discussions (nhot only experts) EGIAR



Conclusions: sole focus vs governing irrigation efficiency

_ Single focus on irrigation efficiency Governing irrigation efficiency

Explanation Solely increasing IE OR obscuring IE OR not Consider benefits of IE via a multi-scale/ -
recognising benefits of higher IE factor / -voice / -disciplinary framework

Scales (inc people, One scale (field or system) or two scales Across scales; field, farm, tertiary and

motives, drivers) (field and catchment OR field and farm) secondary unit, system, catchment, global

Main technology Focus on wholesale tech change (drip) Managing gravity, drip, sprinkler

Who gets the gain? The farmer implementing change Purposively reallocated; nexus gains

(Paracommoner) (proprietor/primary zone can expand) (Proprietor, neighbour, nature, society)

Role of other Usually ignored or left uncontrolled Irrigation area, withdrawals, timing, duration

controlling factors & use of other ‘waters’

Interpretationsto  Mistaking paper savings OR only flagging Connecting paper savings (= real water) to real
guide/caution real water savings & paradoxical outcomes savings in messy middle; all voices inc farmers

Accounting & tools Simple accounting frameworks or too few  Comprehensive digital tools & frameworks
tools for water management covering all scales and real water flows

R

2 NEXUS Gains
CGIAR
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Not controlling variables in the paracommons; inducing an

irrig. effic. rebound via expansion of the primary area but

not from reduced reuse of water

Scenario #1, baseline ALL UNITS = MCM

TBS

100 _ |
ABS Higher aggregate depletion & TIBC
90

Reuse zone decreases in area & BC

5.0K ha 6.5
NIR 650 mm
PrCIE 50% PINRF 6.5
NWW GIR 1300 mm
25 PrEA 5.0K fi]a
CPA URF RRF
10 7 13
- 1 NbBC 10
Neighbour/reuse zone
NbFA 20K ha
NbCIE 80%
NbNRF 0.7
SNR
TIBC 43 90%
AWD 59
ADC - 10%
ADI 59% Nature 4.2

INITIATIVE ON

D
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CGIAR

Scenario #2; irrig effic paradox because withdrawals continue as before

TBS Same withdrawal as baseline & higher
Belowinc. EZA
PrBCC +26

100 IE generates an expansion zone
+5.6 Kha PrBC 59

ABS
Proprietor/Primary.2eRe
l& Prsa %»

90% PrNRF 1.3

NWW
25

PrFA

( 5.6Kha
pa zone (EZA)

CPA R RRF
10 13

L

05K ha

Neighbour/reuse

Q NbFA

NbNBC 0.4

NbCIE 80%
NbAC -1.5 Kha NbNRF 0.1
TIBC SNR
TIBCC 90% Soc chgn -5
AWD
ADC 10% Nat chgn -1
ADI




Controlling withdrawals, IE and area in the

LT p—

paracommons for pareto neutral real water savings E?R NEXUS Gains
IA
Scenario #1, baseline ALL UNITS = MCM Scenario #3; irrig effic drives pareto-checked real water savings
TBS Lower aggregate depletion TBS Higher IE enables larger primary
100 ¢ Pareto-neutral = no IBC change 100 starting area & reduced withdrawal ~Belowinc. EZA
ABS ABS PrBCC +9
90 RrB 33 90 +2.5 Kha PrBC 41
Proprietor/Primary zone Proprietor/Prima
FWW PrSA 50K ha =9 [ZN=e0 s PrSA WIS PINBC 0.9
65 NIR 650 mm NIR 0 mm
PrCIE 50% PrNRF \6.5 PrCIE 90% PrNRF 0.9
NWW GIR 1300 mm NWW GIR 611 mm
25 PrEA 5.0K ha 44 PrEA 7.5K ha 0.0K|ha
| | Expansion zone (EZA)
CPA URF RRF URF RRF
10 7 13 0.9 1.8 NbBCC -9
- 1 NoBC 10 NbBC 1.5
Neighbour/reuse zone Neighbour/reuse zone
NbFA  2.0K ha NbFA  0.3K ha NbNBC 0.3
NbCIE 80% NbCIE 80%
NoNRF 0.7 NbAC -1.7 Kha NbNRF 0.1
TIBC SNR
TIBC TIBCC 90% Soc chgn +12
AWD AWD
ADC ADC 10% Nat chgn +1
ADI Nature 4.2 ADI 45%
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