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• Represent the impact of freeze-thaw cycles on pulses of 
soil N2O emission in the DayCent Ecosystem Model
• Model development, testing and evaluation
• Used ground-based flux data and atmospheric inversion 

data

• Recalculate direct soil N2O emissions for the US 
National GHG Inventory Reporting to the UNFCCC

Objectives



Developing Freeze Thaw Routines
Atmospheric Inversion

Tier 3 Inventory Analysis
Evaluating Inventory with Inversion



• Denitrification is enhanced during freeze-thaw events 
(Groffman et al. 2009; Kim et al. 2012; Risk et al. 2013)

• Labile organic matter accumulates when soils are frozen during 
the winter due to greater root senescence and microbial death 
in frozen soils

• Thawing increases moisture levels in the soil and limits O2
diffusivity, creating more anaerobic conditions

• Differing temperature sensitivities of the enzymatic processes 
that control the amounts of N2 and N2O from denitrification

Freeze-Thaw Cycles



• Event Trigger
• Snow melt or thawing in the upper soil profile

• Drivers
• Remove respiration constraints and/or shift in water-filled 

pore space constraints
• Cumulative Freezing Degree Days (Wagner-Riddle et al. 

2017)
• Magnitude of event, minimum threshold for event to occur, 

and/or maximum threshold with no further enhancement

Modeling Freeze-Thaw Events



• Optimization routine with latin hypercube sampling 
from parameter distributions

• RMSE = 
∑𝒊𝒊=𝟏𝟏
𝒏𝒏 𝑶𝑶𝒊𝒊−𝑷𝑷𝒊𝒊 𝟐𝟐

𝒏𝒏

• Relative Bias = ∑𝒊𝒊=𝟏𝟏
𝒏𝒏 𝑶𝑶𝒊𝒊−𝑷𝑷𝒊𝒊 /𝑶𝑶𝒊𝒊

𝒏𝒏

• Correlation coefficient

Model Parameterization



• Event Trigger
• Snow melt or thawing in the upper soil profile

• Drivers
• Remove respiration constraints
• Shift in water-filled pore space constraints
• Cumulative Freezing Degree Days (Wagner-Riddle et al. 

2017)
• Magnitude of event

Modeling Freeze-Thaw Events
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• North American domain with a 1°x1° spatial resolution
• Jan 2007-Dec 2020, daily time step
• Transport using WRF-STILT and NAMS-HYSPLIT particle 

back trajectories
• Ground and aircraft N2O data from NOAA GGGRN
• Bayesian inversion framework

• Minimize cost function and solve for optimized N2O flux

CarbonTracker-Lagrange (CT-L) 
regional N2O Inversion 



Is there evidence of N2O pulse events during 
freeze thaw periods in late winter/early spring?
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Nevison et al. , 2018, GBC
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Nevison et al. , in prep
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Is snow melt or thawing of the soil a better 
indicator of the timing of these events?
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USDA-NRCS National Resources Inventory (NRI)

Land Use Crop Irrigation EVI Weather Soil Planting
Date

Harvest
Date Tillage Fertilization Manure

Amendment
Cover
Crops

Cropland Corn Non-
irrigated ? ? ? ? ? ? ? ? ?
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Land Use Crop Irrigation EVI Weather Soil Planting
Date

Harvest
Date Tillage Fertilization Manure

Amendment
Cover
Crops

Cropland Corn Non-
irrigated 0.88

15-28°C and 
1.9 cm 

precipitation

Clay 
Loam May 2 Oct 10 No-till 150 Kg N/ha 2 tons/ha none

Statistical Machine Learning

USDA-NRCS 
Conservation Effects 
Assessment Project 

(CEAP)

OpTIS Tillage 
and Cover Crop 
Data (Regrow 

Agriculture, Inc.)
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Resource Management 
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Technology 
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US-EPA, 2022, NIR

Direct Soil N2O Emissions
Cropland Grassland
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• Comparing total fluxes from atmospheric 
inversion analysis to source category emissions 
from inventory

• Mismatch in spatial coverage
• Inventory only includes managed land
• DayCent is not used to estimate emissions in forest 

lands and settlements

Challenges: Evaluating Inventory



• Time step differences
• annual v. daily

• Spatial density of atmospheric observations
• Small flux associated with N2O emissions
• Topography

Challenges: Evaluating Inventory



N A T U R A L  R E S O U R C E  E C O L O G Y  L A B O R A T O R Y

Inversions
DayCent
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Freeze-Thaw Induced Emissions
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• Estimated fluxes from atmospheric inversion methods 
can be useful to confirm patterns in emissions
• This is particularly important when there are limited 

observations informing the inventory

• Estimated fluxes from atmospheric inversion methods 
can also be used to evaluate inventory method options

• Alternative algorithms

• Next Step: Extend analysis to evaluate magnitude of 
differences between inventory and atmospheric inversion  

Conclusions
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