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Forests in Flux
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BERN CO, SyMPOSIUM

FUNG ET AL.:
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Why does it matter?




Atmospheric CO,
has increased rapidly
to levels above
anything in Earth’s
recent past

" 400 ppm CO,
E  2ppm CH,

' Sources: Petit et al
(1999) Nature
400 350 300 250 200 150 100 50 O 399:429-436 and
Thousands of years before present IPCC(2000)
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IEEYYRRINELIE [Fossil Fuel and Cement Emissions

PROJECT

Global fossil fuel and cement emissions: 36.1 + 1.8 GtCO, in 2013, 61% over 1990
Projection for 2014 : 37.0 + 1.9 GtCO,, 65% over 1990
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JELIIINECIE Global Carbon Budget

PROJECT

The cumulative contributions to the Global Carbon Budget from 1870
Contributions are shown in parts per million (ppm)
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JEEPINLEIE Changes in the Budget over Time

PROJECT

The sinks have continued to grow with increasing emissions, but climate change will affect carbon
cycle processes in a way that will exacerbate the increase of CO, in the atmosphere
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Terrestrial Biosphere CO, Flux Dominates Carbon Cycle Prediction Uncertainty
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Terrestrial carbon cycle feedback is a leading
order uncertainty for climate simulation
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What do | (we) do?

» Probe spatial heterogeneity in biologically-mediated surface-
atmosphere exchanges from sites to regions (meters-1000s km)

— Forests, wetlands, lakes, urban (temperate-boreal-tropical-
Mediterranean-alpine, terrestrial-aquatic, management gradients)

Multiple greenhouse gases (methane), esp. with eddy covariance

Feedbacks from energy balance and a land surface variability on
the atmospheric boundary layer and synoptic-PBL interactions in
observations and models (LES, PBL, mesoscale, climate)

Up/down scaling across multiple measurements: eddy covariance,
biometric, airborne budgets, inverse modeling, hyperspectral
remote sensing (leaf to satellite)

Informing ecosystem and atmospheric models with diverse
measurements across space (data assimilation, model informatics)
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What the flux?




Anaerobic

Aerobic Solil Wetlands :
Soils

D. Baldocchi




700 points of light?

MCD12Q1, V5 Land Cover UMD Classification (2001) |:| 5-Mixed Forests I:l 10-Grasslands

- 1-Evergreen Needleleaf Forest |:| 6-Closed Shrubland :’ 12-Croplands : FLUXN ET
I 2-Evergreen Broadieaf Forest [] 7-open shrubland  [JJll 13-Urban and Built-up 7
l:’ 3-Deciduous Needleleaf Forest l:| 8-Woody Savannas l:l 16-Barren or Sparsely Vegetated

l:' 4-Deciduous Broadleaf Forest I:l 9-Savannas Cl 255-Fill Value

April 2014
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Arctic/Alpine - Cold Temperate = Warm Temperate - Tropical

15 5 5 25
Mean Annual Temperature (°C)
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Washburn District cluster:
Hardwood chronosequence 4
(Mature, Intermediate, Young) Legend:

Red Pine chronosequence + CO, Flux tower
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Complex Regions: 1+1+#2

a) IKONOS.

¢) MODIS-UMD and IGBP.
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b) WISCLAND,
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Didn’t remote sensing solve the problem?




NASA HYSPIRI campaign
Ecosystem scaling: Townsend, Kruger, Desai




GPPmax vs. NDVI

o Chaparral

4 Desert

+ Grassland

x Coastal Sa

< Mixed Conifer

v szon Juniper

= Oak-Pine Woodland
# Oak-Pine Forest

¢ Ponderosa Pine

S. Dubois, MS thesis




Maybe not?

GPPmax vs. NDVI

o Chaparral

4 Desert
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GPPmax vs NDSI for all sites
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It gets weirder once we put in humans
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The scale and method we monitor land use matters

™rTrT MRS |
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Does the atmosphere care?
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Flux footprint varies in space,
projected fluxes varies in time

Tower represents different surfaces
at different times

Temporally transient location bias
=“location drift”




Mean and temporal-spatial variation of flux grids

= tower observations T
o 4 flux grids over 20 * 20 km2
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Large eddy simulation (LES)

A form of spatial filtering to the full turbulent
conservation equations of momentum, mass, heat,
and moisture - resolve and subgrid fluxes

Works because of dissipative and scale-free nature of
small-scale shear turbulence in the turbulent
atmospheric boundary layer

Unlike traditional “closure” ensemble-average
solutions, resolves energy carrying turbulent motions

Requires high spatial resolution (meters), and
consequently, high temporal resolution (seconds)

But: Good for testing effect of small scale spatial
boundary conditions on atmosphere!




Energy Cascade

 Big whorls have little whorls
« That feed on their velocity,
« And little whorls have lesser whorls

« And so on to viscosity

» (in the molecular sense)
— -- Lewis F. Richardson, 1922, cf. J Swift




Energy Cascade
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Energy input
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Fig. 2.1 Schematic representation of the energy spectrum of turbulence.




Tower data at 30 — 122 - 396 m to evaluate the simulations

Simulation design

Boundary layer characteristics Timestep  — 1s

L 1.4+ 10°m Horizontal grid resolution l' 20 1
1.3 10° m Gridpoints O(10° x 10° x 10°
R.2- 10"  m/s Vertical grid resolution 5 — 10 m

Horizontal area 100 — 400 k-

Ory (et = Oy (pom S0 122m 396 m

T K] #8.7-1077 +9.6-1070 +1.1-1077
q lg/kg] $2.2-1072 4231072 42.3 10—2
w m/s —5.6-1070 —=2.2-107% —3.8-1077

Frederick deRoo (KIT IMK-IFU), TERRENO




LES simulations around the tall tower show shifts in
organized structures with heterogeneity of surface forcing
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BUT: A problem...
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Eddy fluxes from the homogeneous LES
correspond better to the tower data

25%  50%  75%  100%

Virtual EC fluxes as fraction of the tower measurement at 12:00-13:00, 30 m
Darkgray: heterogeneous; Medium-gray: homogeneous



What are we trying to do about it?
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1. Be smarter about scaling

Flux rates in Gg-C yr-1
Pool sizes in Gg-C
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2. Find the appropriate scale

GPPmax vs NDSI
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3. Map human impacts like ecosystems

B Passive

[ Preservation
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Forestry

MANDIFORE
Macrosystems Biology
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5. Make flux towers useful
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Wavelet cross-scalogram
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e ...Process attribution!

20110816 21:00 - 22:00_flux LST

Sensible heat [W m~]

Temperature [K]

Time [min]
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0

Latent heat [W m'z]

H,O

Time [min]




Target area versus spatio-temporally varying patch |l

Spatial coverage of projections

Aug 04 Aug 09 Aug 14

Flux time series

|

Aug 04 Aug 09 Aug 14 Aug 19
Date of 2011

>70 % spatial coverage

Spatially pre-blended fluxes
less erratic

Explicit information on spatial
variation

25 km” projection
100 km” projection
400 km” projection

Tower measured
99.9%ile spatial variation




Thank youl!

* | hope my examples convinced you that
scale is fundamental to understanding
ecosystem-atmosphere interactions

| hope some of the innovations |

presented actually solve some of our
problems of scale

* None of this can be done without my lab,
collaborators, funders, and the
opportunity to discuss these with you!




