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ENVIRONMENTAL DRIVERS OF BVOC EMISSIONS
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‘ ISOPRENE FEEDBACKS WITH TEMPERATURE
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= Positive feedback loop when below the temperature peak

*= Negative feedback loop when above the temperature peak

*= How dynamic and responsive is the temperature maximums?

Steiner et al. 2010; PNAS
Steiner, 2020; Acc Chem Res



BIOGEOCHEMICAL FEEDBACKS: AEROSOL-CANOPY
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ISOPRENE FEEDBACKS WITH DIFFUSE LIGHT
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= Positive feedback loop for diffuse increases

= Negative feedback loop for total light reductions

* How does aerosol-generated diffuse light affect emissions and
subsequent SOA formation?

Steiner, 2020; Acc Chem Res



| MODELING STUDIES PROMOTE THE IMPORTANCE OF
THE DIFFUSE EFFECT

How can we verify these modeling studies with observations?

Global AGPP by aerosol (no fires)

90°N
GOGN E_ e g ' = +2.1% AQD +0.2%
30°N . see N

OD . ' ' ; 1 +1ﬂﬂﬁ'rl:| .

‘ B, BVOC Diffuse
30°S ' - ~ emissinrtsJ [ fraction ]
60°S P *
90°S 10,739 GPP +0.08%

B — e

-i0 -8 -6 -4 -2 0 2 4 6 8 10 Rap et al. 2018: NatGeo

Yue and Unger, 2019: NatComms



Local OA formation
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When is OA locally produced such that we can obser

biogenically-driven feedbacks?

7

. 1D Modeling
A | Local OA formation
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TEST CASE: SOUTHEASTERN UNITED STATES
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* New Department of Energy
AMF3 Deployment in
Southeastern United States:
Bankhead National Forest to
understand chemistry-climate-
ecosystem feedbacks

* Also have observations from
former field campaign Southern
Oxidant and Aerosol Study
(SOAS) in 2013 (Carlton et al.
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LOCAL PRODUCTION: FORCAsT: 1D CANOPY MODELING TOOL
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Height [m]

Wei et al., in preparation

ID SIMULATED VERTICAL GRADIENTS: ISOPRENE

Mid-day peak in gas phase isoprene
iISOA formation is dominantly aloft in the early AM and evening due
to IEPOX and aerosol liquid water content

Isoprene (ppb) | Isoprene SOA (g m™)

1000 '8 1000 5
800 800 4
600 600
400 400

200

i i I I i ﬂ
0 6 12 18 24 30 36 42 48 0 4 8 12 16 20 24 28 32 36 40 44 48

Time (model hour) Time (model hour)




Height [m)]

1000

800

600

Monoterpenes (ppb)

0 4 8 12 16 20 24 28 32 36 40 44 48

Time (model hour)

1 1.5

— 2 1000

800

600

400

200

Monoterpene SOA (Lg m)

Wei et al., in preparation

ID SIMULATED VERTICAL GRADIENTS: MONOTERPENES

* MT nighttime concentration increases
* MT-SOA formation closer to canopy (but underestimated by model)
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LOCAL PRODUCTION FROM _ -
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CALCULATING NON-LOCAL
CONTRIBUTIONS

* Borrow the moisture budget
analysis concept from the
climate community
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Minallah and Steiner, 2021
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CALCULATING NON-LOCAL
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Anthropogenic SOA (g m™ min’!)
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ADVECTIVE CONTRIBUTIONS TO SOA

| Anthropogenic SOA (g m™ min’!)
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OA local change (d(ug m®/min))

LOCAL VS. ADVECTIVE CONTRIBUTIONS TO
BIOGENIC SOA
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WHEN IS OA LOCALLY PRODUCED SUCH THAT WE CAN
OBSERVE LOCAL BIOGENICALLY-DRIVEN FEEDBACKS?

= Combine modeling methods to highlight when local OA dominates

* 1D model: local production only (highest for isoprene in early AM)

= 3D model: encapsulateslocal + advective sources (generally divergence)

= At SOAS: early morning to midday for isoprene responses to fast time

-

response environmental drivers g e




NOAA: 1D modeling work by Dandan Wei with Award
NA18-OAR-4310-116

DOE: The AMF3 Site Science project supported by the
Office of Biological and Environmental Research in the

NSF Research Experience for Undergraduates Program

2050718 for Allison Salamone analyzing 3D modeling

results




