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Riding the Green Wave … 

FAOSTAT And now … Sustaining the Ride!



Natural Capital:

Our stocks of natural materials & energy

Nature’s Blessing: Capital 

Back to Basics … Nature

Ecosystem Services:

The beneficial flows of goods between 
natural capital stocks, or stocks & humans

& Interest



Stocks

Services

The Millennium Ecosystem Assessment (2005)



Metrics of Sustainability – Forty Centuries 

We were amazed how these nations are conserving and utilising their natural resources 
and surprised at the returns they were getting from their fields

Franklin Hiram King, Professor of Agricultural Physics, University of Wisconsin, 1888-1902



Green manure and compost, and the ash of the fuel finds its way ultimately to the 
field.

Manure of all kinds, human and animal, is religiously saved and applied to the fields 
in a manner which secures an efficiency far above our own

F.H. King 1911

Soil & Invested Carbon



Boiling water has been adopted to 
safeguard against deadly disease germs 
where the wastes of the body are taken 
back to the field

The tea industry had its foundation in the need for something to render boiled water 
palatable for drinking purposes

F.H. King 1911

Carbon Investment, Water, & Tea



What “sustainability” waves have we been riding?
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The 1980s : Sustainability Goals

• Law of diminishing returns
• Systems thinking
• Environmental consciousness
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The 1970s : Productivity Goals for using

• Water
• Fertiliser
• Pesticides



Sustainability Waves … continued.

The 1990s : Climate-Change - Beginning of Awareness (AR1)

The 2000s : UN Millennium Ecosystem Assessment



Back-to-the-Future: Investment into Natural Capital 

Investment
Actions

Services

Returns on
Investment 



Organic:
3.8 kg-C m-2

Integrated:
2.6 kg-C m-2

Next-door     neighbours

Investing Carbon into a Modern Orchard Soil

Changed Soil Carbon Stocks & Different Ecosystem Services

+ compost
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X-ray Tomography – Carbon Investment Changes Soil Structure

Organic:
3.8 kg-C m-2

Integrated:
2.6 kg-C m-2
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... Lead to Soil Structural Changes.  Soil Macropores & “Sponginess”

Macro & Microbiological Changes

Deurer et al. (2009)



We identified 12 of 17 ecosystem services that benefit 
from macropores in soil. 

Macropores:
Organic orchard

The Value of Holes in Soil

We calculated the global value of the ecosystem services from 
macropores to be US$304 billion yr-1.



ROI into Soil Carbon: Supporting Services &  Regulating Services

Nitrogen mineralisation (mg-N kg-1 d-1) by 
building up the soil’s labile carbon (HWC)

Kim et al. (2011)
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Apple Dwarf  apple

Low N Leaching: 90% retained

Green et al. (2010)

N generation: 105 kg-N ha-1 y-1

That’s $20,000 ha-1 of N for ‘free’
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Water: The Prime Natural 
Capital Stock

Soil:
A thin nexus teeming with service flows from natural-
capital stocks of water, biota, carbon, & energy

ESA



Climate Change 2007, Synthesis Report, IPCC

Water: Future Pressures

IPCC AR4:Scenario A1B, 2090-2099

Predicted changes in water availability (%) by the end of the 21st century



“Irrigation water from: rain (green water), renewable reserves (blue water) &  non-

sustainable groundwater (dark blue water)”. Boxes are % unsustainable.

Non-sustainable groundwater sustaining irrigation: A global assessment 

Wada et al., Water Resources Research 2012

The Global Picture of Groundwater Over-Draft



Cultivation in tonnes

World Avocado Production

Kenya

New Zealand: 37,657 t (24th)

FAOSTAT



Nature (519), 19 March 2015. pp 281-285

The African Water-Colour Challenge 

• Maximize the value of transpiration of  green-water (rain)

• Use of harvested green-water

• Tactical use of blue-water (irrigation). Little infrastructure!



Direct Measurements of Avocado Tree Water-Use: Sap Flow & Soil Water

• Four 6 year-old grafted-Hass trees 
instrumented

• Direct tree water-use measurements 
by sap-flow, plus soil-water monitoring

• A public-private partnership

Mang’u, Kenya



The soil was very dry until the Short Rains came …

Tree water-use doubled with the 
arrival of the Short Rains.

Water-stress release …

4 trees of different sizes

… during flowering



Flowering concerns before Short Rains
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One early rain. Only short-lived 
relief for tree water-use

The trees are using 10-40 L per day

All supplied by roots below 1 m



Managing ‘Green Water’ by Pruning

• Tactical management of green-water
• Lower leaf-area
• Reduced water use? 
• Drought avoidance? 

• New growth lower down
• Enhanced fruitfulness
• Harvest quality
• Safer harvesting



Pruned Tree Water-Use: Comparing Trees

• A water-use reduction of 37% by pruning
• A daily saving of ≈ 150 L per day
• More green-water (rain) left in the soil
• Drought avoidance
• Continuous canopy management



A Pilot:

• Using ‘recycled’ 20 L bottles as ‘portable drip-irrigators”
• Bottles drip @ 4 L per hour
• Five hours to discharge
• Especially for establishment & young trees

• Possible water sources: rain-water or wells

Thankfully irrigation 
development is now 
happening, here & 
across Africa.  

Kenya’s National 
Irrigation Authority 
established 2019

Adapting to climate change

(The late) Mr Thomas

Mr Wachira, Muruguru B Irrigation Scheme



An 11% decline A 17.5% decline

We’re drying out in New Zealand too … although it might not seem so of late!

There’ll be increased pressure on our dwindling water resources



2022

It’s happening … even after 3 years of the ‘triple-dip’ La Niña. 

The Climate-Change Hockey Stick

El Niño years

El Niño’s coming … 2024 likely to be hottest-on-record



… Adaptation

New Zealand’s “Zero Carbon” Act (2019)

The Purpose of the Act (Section 3) is to …

… Mitigation

… at this stage we can probably ignore horticultural emissions (mitigations)



Add “extreme events” into strategic & transformational adaptations

Hierarchy of Adaptation Options

Following Stokes & Howden (2010):

• Tactical adaptation: Modifying production practices within the current 

system. 

• Transformational adaptation: Involves adoption of a new production 

system, or a change in the location of the industry. 

• Strategic adaptation: A change to the current production system in a 

substantive way.



Projected Climate Change: High-Emissions Pathway (RCP8.5)*

• Representative Concentration Pathway (RCP) 8.5 W m-2 of radiative forcing (net energy input)

That’s pretty much “business-as-usual”!

Winter in Te Puke will, in 60 years’ time, be like it is now in Kerikeri

A new metric

Climate change is coming to you at a southward-velocity of 10 km y-1

Kumar Vetharaniam, pers comm.



Today’s Location Suitability for Avocado Growing: Tactical & Strategic Adaptation

Based on Vetharaniam et al. (2022)

Plus …

Warmth Suitability Score for Avocado Overall suitability for avocado today (5 x 5 km)



Tomorrow’s Location Suitability for Avocado Growing: Transformational Adaptation

Mid-century Suitability (RCP 8.5)
Today

Area (km2)

1 km2 = 100 ha

≈ 2x ≈ 3.5x

Transformational change possible



But extreme events. They’re already hitting us in the pocket!

And that’s even before the last two months …

Temperature

With rising temperatures the atmosphere 

has more energy & water to get rid of



We Need to Adapt

Recent Extreme Rainfall Events in New Zealand:  Two Different Phenomena

Atmospheric Rivers: Narrow Bands of Heavy Rain
(About 7-15 times that of the Mississippi River)

Auckland Anniversary Day: Atmospheric River Hit

Previous Hits: 
Ashburton (2021), Westport (2x, 2022), Nelson (2022)

Ex-Tropical Cyclone Gabrielle

Previous: Ex-Tropical Cyclone Bola (1988)

These events “… aren’t predicted to become more frequent, but precipitation will 
become more volatile, with more water concentrated into a smaller number of 
higher-intensity events.

Former Prime Minister Sir Geoffrey Palmer once called New Zealand an "irredeemably pluvial country".



Beware the Climate “Doom Loop”

16th February 2023.

World risks descending into a climate ‘doom loop’, warn thinktanks | Climate crisis | The Guardian

The world is at risk of descending into a climate “doom loop”

Emphasising adaptation by simply coping with the escalating impacts of climate change

… could draw resources away from the need to slash carbon emissions through mitigation

… making the situation even worse.

https://www.theguardian.com/environment/2023/feb/16/world-risks-descending-into-a-climate-doom-loop-warn-thinktanks


Investing in Nature:  The Benefits Sadly, the Balance Sheet is in the Red

NbS - Nature-based Solutions



Commentary from Our Ministry of Primary Industries …

Achieving our sustainability goals requires a particular focus on the health of 
our soil, plants, animals and people. 

There is an opportunity to design a New Zealand based regenerative farming 
approach, based on current sustainable practices and a mindset of continuous 
improvement, and the principles of Te Taiao (environment) and the mātauranga 
(knowledge) that underpins it. 

Our approach will recognise the connection between the health of our land 
and the health and resilience of our communities, waterways, biodiversity and 
climate. 



Nature’s Pots of Gold

• Our soils
• Our waters
• Our plants
• Our fruit
• Our people

The Return-on-Investment into Nature is High
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Thank you

brent.clothier@plantandfood.co.nz


