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The False Spring of 2012,
Earliest in North American Record
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Phenology—the study of recurring plant a) 20* Century Spring Onset b) 2012 First Leaf Index Anomalies
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ing the consequences of climate variability B § 5
and change. For example, March 2012 broke & .
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numerous records for warm temperatures
and early flowering in the United States
[Karl et al., 2012; Elwood et al., 2013]. Many
regions experienced a “false spring,” a period <) Damase Index Anomalies
of weather in late winter or early spring
sufficiently mild and long to bring vegetation
out of dormancy prematurely, rendering it
vulnerable to late frost and drought.

As global climate warms, increasingly
warmer springs may combine with the
random climatological occurrence of
advective freezes, which result from cold air
moving from one region to another, to
dramatically increase the future risk of false
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How much of mid-summer
climate variability can be
explained by spring onset of
photosynthesis?
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Atmospheric CO, is drawn down too early in spring in
most CMIP5 Earth system models

e GEOS-Chem with CMIP5 net biosphere production (NBP) and prescribed ocean
and fossil fuel fluxes, sampled at NOAA GMD stations and compared with
observations (1995-2005)
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Eddy covariance observations from FLUXNET provide constraints
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What are the causes of the early season uptake bias?
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GPP appears to be the primary culprit for the early NEE

e Fluxnet sites in North America between 35N and 45N

Model grid cells
extracted and
sampled at all
measurement
sites during the
times obs. were
available
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Early onset of photosynthesis may have consequences for the
seasonal dynamics of surface energy exchange

e Fluxnet sites in North America between 35N and 45N
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Strength of the early season uptake bias varies by region

e Fluxnet sites in North America between 45N and 60N
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Modify CLMA4.5 to simulate delayed recovery from
cold-hardening and false-spring avoidance

multiplier
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CLM45 Simulations vs. FluxNet
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CO2 (ppm)
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Next Steps and Conclusions

Evaluate CLM4.5 GPP onset experiments in CAM5 with a slab ocean to look at mid-
summer climate responses

- examine canopy evaporative fraction
- soil temperatures and controls on spring ET

Early season onset bias will have important consequences for the representation of
mid-summer drought stress in evergreen conifer ecosystems (Monson et al. 2005)
and for fire behavior (Westerling et al. 2006) in ESMs

The timing of photosynthesis initiation in spring may influence regional climate in
mid-summer, with early onset of GPP causing higher air temperatures and reduced
precipitation recycling

Cold hardening and temperature acclimation algorithms need to be integrated with
existing photosynthesis and stomatal conductance models
— Unpackaging membrane and protein systems increases vulnerability to late spring frost events
— Need to combine with improvements in phenology (Richardson et al., 2012)

Next steps: we need to improve our understanding of how the existing
photosynthesis timing biases influence the representation of climate-induced
drought stress during the 215t century
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Most CMIP5 ESMs have a positive bias in atmospheric
CO, by the end of the observational era
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Future CO, (ppm)
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Multi-model estimates and contemporary observations
can be used to reduce uncertainties in future scenarios
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Bias Attribution Hierarchy
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Strength of the early season uptake bias varies by region

* Fluxnet sites in the central U.S.

-y
[=]

(a) GPP

Ecosystem Respiration (g C /m? /day)
[\] £ =] w

(=]

(b) Reco

1 1 1 1 1 L L L L L 30
(¢) NEE
)
E-1
> 20
2
3
8
2 10
S
._
= 0
<
@
8
t -10
3
7]

1 1 1 I I I I I I 1 '20 1 1 I I I I I I I 1
JFMAMJJASOND JFMAMJJASOND
Mean (dash) CCsm4 HadGEM2-ES IPSL-CM5A-MR MPI-ESM-LR  FluxNet (solid)
bee-csm1-1 GFDL-ESM2G  inmecm4 MIROC-ESM NorESM1-M
CanESM2 HadGEM2-CC __ IPSL-CM5A-LR_MIRQC-ESM-CHEM _ CRU

150

[Le]
(=]

Latent Heat Flux (W/m?)
=]
o

w
(=]

B~
o

Precipitation (mm/day)
na [5]
o =}

1.0 4

co
[=]

120

[h+] b (=]
[=] (=] (=]

Sensible Heat Flux (W/m?)
o

w
(=]
(=]

[\+]
[+
(=]

Global Radiation (W/m?)
o
(=]

-
[=]
(=]

JFMAMJ JASOND

50

200 A

JFMAMJ JASON

D

Mean (dash) ccsma HadGEM2-ES  IPSL-CM5A-MR MPI-ESM-LR  OBS (solid)
bee-csmi-1 GFDL-ESM2G  inmecm4 MIROC-ESM NorESM1-M
CanESM2 HadGEM2-CC __ IPSL-CM5A-LR _MIROC-ESM-CHEM _SHE




Strength of the early season uptake bias varies by region

Fluxnet sites in Eurasia between 35N and 45N
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