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Outline 

• New Zealand’s greenhouse gas 
profile and targets

• A brief summary of our 
national inversion

• New developments 

• Who cares what inverse 
models have to say? 

• Links to carbon accounting, 
policy, city councils, and  land 
managment



New Zealand’s 
Greenhouse Gas Profile

• CO2 emissions account for less than 
half of gross emissions

• Agriculture makes up the bulk of our 
exports; CH4 and N2O comprise more 
than half our budget

• New Zealand has met past climate 
treaty commitments entirely with 
forest carbon

• The new government has pledged to 
make New Zealand carbon neutral by 
2050 and plant a billion trees over ten 
years



Can our work contribute?
- Direct comparisons
- Uncertainties



Modelling Framework 

• NAME Lagrangian model-UK Met 
Office 

• Winds from NZLAM weather forecast 
model (12 km resolution, 70 vertical 
levels); NZCSM (1.5 km resolution)  

• 10,000 particles released from the 
station over the course of an hour, 
and allowed to run backwards in time 
for four days 

Colours represent the integrated probability that CO2 molecule arriving at the site travels through a given grid box. 





In situ CO2 observations
Model Footprint of the Stations



Results

• The inverse method finds 
much more CO2 uptake than 
expected from the NIR and the 
land model

• 30 to 60% more than the NIR 
when accounting differences 
are resolved

• Much of this additional CO2
uptake occurs in the 
Southwest of the South Island

• This region is dominated by 
mature indigenous forests

Steinkamp et al., ACP, 2017



Tracing carbon uptake in Fiordland

Tracer Insight 

CO2 Net CO2 uptake

13C-CO2 Distinguishing between 
ocean and land uptake

COS Photosynthetic Uptake 

14C-CO2 Fossil fuels, Respiration 

17C-CO2 Photosynthetic uptake 

Clumped
isotopes-
CO2

Temperature, 
photosynthesis 



Newly funded research programme



Pathway to implementing this work in the NIR 

• Co-development of enhanced reporting methodologies 
• UNFCCC and IPCC principles: transparent, accurate, consistent, comparable, and 

complete

• Individual countries have the flexibility to develop reporting models informed by country-
specific data.   

• Thus, if we identify and verify a larger or smaller carbon sink than inferred by the current 
system, the NIR community then seek additional resources to improve estimates. 

• Providing the first high quality estimates when little or no information is 
available 
• Carbon uptake/emissions are not estimated in the NIR for non-forest land uses in steady 

state (62% of NZ’s land area) as no high quality, national or regional scale estimates are 
available.  

• New flux estimates for these areas will be added directly to the NIR once they are 
validated (grassland, urban biosphere) 



• Highest priority: validated 
urban biogenic model

• Tree planting and land 
managment plays a key role 
in their Low Carbon Action 
Plan 

• Urban land carbon sink is 
virtually unknown and NIR 
effort does not consider 
urbanized areas

Auckland Council 



Lake Rotorua and Lake 
Rotoaria Forest Trusts 

• Manage ~50,000ha of contiguous forest on behalf of 
17,000 Māori forest owners

• The majority of their land is planted with exotic Pinus 
Radiata

• Adjacent to a large contiguous indigenous forest, 
Kaimanawa Forest Park

• Interested in understanding the environmental and 
economic value of their land and how it compares to 
adjacent native forests 

• Network of sites in the forests and higher resolution 
(100m) simulations over a smaller domain  



Summary 

• First results from a regional inverse model suggest that New Zealand’s 
land biosphere is absorbing 30-60% more carbon nationally than 
previously thought 

• We are launching a new research programme to tackle CO2 and CH4

fluxes in forest, pasture, and urban

• Our community can be relevant to policy makers and land managers 
while remaining honest about the real uncertainties and limitations of 
the methods
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