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The ANN model provided the best fit between independent
variables (neurons related to the input data) and dependent
variables (Keeling plot intercepts) by determining which
direction the model weights, which define the influence of each
neuron’s signal to the overall model output, needs to change in
order to decrease the error of the prediction. The ANN also
produced a ranking of the importance for each of the input
variables. We used the Tiberius ANN software by NeoSolutions
(free to university staff and students).
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Keeling Plot Data (daily nighttime values only)

Data & Software

Keeling plots have proven to be robust and highly informative approach to studying ecosystem‐
atmosphere interactions, particularly with respect to photosynthesis, respiration and water use
efficiency of terrestrial ecosystems. While the database of Keeling plot data is steadily increasing,
especially in light of recent coordinated collection efforts and advances in laser‐based technologies,
meta‐analyses of this valuable and potentially informative record remains challenging due to the
discontinuous nature of the primarily campaign‐based and site‐specific collections over the years.
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Potential fossil fuel sources

• Overfitting does not appear to be a problem given that the
Testing and Training data subsets exhibited similar
performance, r2=0.76 versus r2=0.74, respectively, with the
Testing RMSE lower than the Training, 0.86 versus 1.04 (‰),
respectively.

• The ANN model appears to capture first‐order effects,
geographic variation between sites, but not seasonal
variation within a site.

3. Uncertainty (C3 model only)
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3. Spatial Mapping – To determine the best possible model for estimating δ13C of
ecosystem respiration when using the limited number of variables available from
satellite observations (NDVI, day and night surface temperature)

2. Functional Responses – To determine the functional response of ecosystem respiration
δ13C to light (PAR), temperature, humidity (VPD) and vegetation cover (NDVI)

1. Controlling Factors – To determine the relative importance of environmental variables
(PAR, Rn, RH, VPD, Tave, Tmin, Tmax, diurnal temperatue range) and vegetation
indices (NDVI, EVI, LSWI) controlling variation in δ13C of ecosystem respiration

The model was trained in three different ways (separate C3 and C4 versions):

Training & Validation

Pathfinder AVHRR Project

Used with Tmin as an index of moisture
status, and as a constraint on temperature
dependent processes

Climate Research Unit
(CRU)/ISLSCP‐II

Used to estimate the the diurnal temperature Climate Research Unit
range, as an index of moisture availability
(CRU)/ ISLSCP‐II

Surface Radiation Budge
Project (SRB)/ISLSCP‐II

Used as an index of phenology, light
absorptance and vegetation cover
Used as a a measure of available energy for
transpiration and indirectly, photosynthesis
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Predictive relationships between Keeling plot intercepts and climate and vegetation
developed using ANNs can be a useful tool for synthesizing data in the Biogeosphere‐
Atmosphere Stable Isotope Network. The ANNs can help reveal patterns in data that
may lead to future process‐based research, and provide the means to efficiently
translate site‐specific, campaign‐based data into spatial and temporally continuous
maps of Keeling plot intercepts. The model developed here appears to capture first‐
order site‐to‐site variations in Keeling plot intercepts. Using this data‐intensive
approach, the ANN model can be continually updated to increase its accuracy and
resolution as new data from more sites within the observational network becomes
available.

Future Directions

Annual means of ecosystem respiration δ13C (‰) for each 1x1 degree pixel in
1990.To provide a flux‐weighted average at each location, values were weighted
using the MODIS GPP product (MOD17), assuming similarity between ecosystem
and canopy photosynthetic discrimination.
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As a proof‐of‐concept, the ANN model (#3) requiring only five inputs, was
applied using available satellite observations of the Normalized Difference
Vegetation Index (NDVI), satellite/ground‐based estimates of net radiation (Rn),
and ground‐based estimates of minimum and maximum air temperature (Tmin
and Tmax). In addition to these variables, the model required the diurnal
temperature amplitude (Tmax‐Tmin) that was included as an index of surface
moisture status in lieu of direct measurements of plant and soil moisture. VPD or
RH was not included because they typically co‐vary with temperature.

Spatial Mapping
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One of the main objectives of the Biogeosphere‐Atmosphere Stable Isotope Network (BASIN) is to
facilitate the synthesis and exchange of stable isotope information related to ecosystem processes in
carbon and water cycles at various scales. Towards this goal, we have initiated a BASIN‐wide effort
for routine synthesis of past and future 'Keeling plot' using an objective, statistically‐based artificial
neural network (ANN) to help elucidate coherent patterns in the inherently disparate data.

Introduction

4Los

Kevin Tu1, C‐T Lai2, J Ehleringer3, N McDowell4, K Alstad5, T Griffis6, D Bowling3, L Wingate7, J Ogee8, R Burlett8,
B Mortazavi9, A Knohl10, D Yakir11, T Dawson1, Members of BASIN, SIBAE and FLUXNET

BASIN Synthesis and Spatial Mapping of Keeling Plot Data Using an Artificial Neural Network

