NACP’s Mid-Continent Intensive: Atmospheric Results
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Outline

* Overall goal of Mid-Continental Intensive:
Seek convergence between top-down ()
(tower-based) and bottom-up (inventory- LEF 4
based) ecological estimates of the regional Lake

flux

Round
 Plan: to “oversample” the atmosphere in ==
the study region for more than a full year

e Atmospheric results Mea-
— Purdue Univ/ NOAA ALAR Campaign t:!'
— CO2 DIAL (Differential Absorption -|-E|g.ﬁ__
Lidar) Campaign
— NOAA aircraft program 4
— NOAA tall towers (WBI and LEF) @

— Penn State Ring 2 (regional network of
5sites) O o

— NOAA Carbon Tracker
— Colorado State SiB3-RAMS model



Dominant vegetation map

. Needleleaf I C3 Crops/Grasses

Courtesy of K. Corbin



NOAA / Purdue University
ALAR

Regional Survey
15 - 25 June 2007

Colm Sweeney (NOAA/ESRL)
Paul Shepson (Purdue University)
Doug Martins (Purdue University)
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NOAA / Purdue University

ALAR

Lagrangian Flux Estimates: 19 June 2007

Tower-based eddy covariance fluxes
from the Brooks Field Site near Ames, IA
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System Deployment at West Branch, A
(June 18 — July 7, 2008)

Metrological Belloon Sond Deta Eample on June 25, 2008 18:05 UTC
% + v + 25 ‘

* Field experiment conducted at
4l I+ A | West Branch, 1A

* NASA Differential Absorption Lidar
(DIAL) system, installed in a trailer

Adtitats (i

» CO, cross section computed using
meteorological data obtained from
balloon sonde

* DIAL standard error, compared
with WBI tall tower (morning
averages)

e 4.7 ppm at 379 m AGL

e 3.4 ppmat 99 m AGL

Courtesy of S. Ismail 7



NOAA Aircraft Program

Automated Flask Sampling from Aircraft:

e One twelve-pack per flight

e Typical profile from 500 m AGL to 8000 m ASL

* Species: CO,, CO, CH,, N,O, SF,,
stable isotopes, halocarbons, COS, hydrocarbons...
14C0O, on a limited number of samples

NOAA ESRL Aircraft Lead: Colm Sweeney




NOAA tall towers in MCI region

* Non-dispersive infrared spectroscopy (LiCor, Inc.)
iInstruments

 LEF
— Sampling heights: 11, 30, 76, 122, 244, 396 m AGL
— In operation: 1994 - current

« WBI
— Sampling heights: 31, 99, 379 m AGL
— In operation: July 2007 - current

PSU Ring 2

* Regional network of 5 cavity ring-down
spectroscopy (Picarro, Inc.) instruments

— Centerville, 1A

— Galesville, Wi

— Kewanee, IL

— Mead, NE

— Round Lake, MN
« Sampling heights: 30 and 110-140 m AGL
* In operation: April 2007 - current




mixing ratios
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Synoptic variability in boundary-layer CO2
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Synoptic variability in boundary-layer CO2
mixing ratios
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A Daily Daytime Average [CO2] (ppm)

» Difference in daily value from one day
to the next: as large as 10-30 ppm

* Due to changes in advection ->
important to get transport correct in
models!
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Spatial gradient (daytime):

Average Daytime-Hours Difference
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Maximum inter-site [CO2] diff (ppm)

—
o

« Largest difference
amongst the sites for
each daily value

* e Seasonal pattern

e Significant day-to-day
variability

» Differences as large as

40 - 50 ppm between
Ring 2 sites! Daytime!
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Smoothed Daily Daytime [CO2] (ppm)
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Seasonal cycle

e 31-day running
mean

e Strong coherent
seasonal cycle

kw: 36 ppm

rl: 33 ppfri

lef*: 25 ppm

across stations

West Branch (wbi)
and Centerville (ce)
i differ significantly
from 2007 to 2008

e Large variance in
seasonal
drawdown, despite

. being separated by,

at most, 550 km
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Seasonal cycle
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MCI Corn NPP

Legend

MCI Corn NPP

(Mg C per county per year)
I 997,176 - 765,746
I 765,745 - 606,348
|| 606,347 - -474,469
|| -474,468 - -371,798
|| 371,797 - -293 561 N
I | 293,560 - 221,215

B 221,214 - 147 993

B 147,992 - 89,253

B 59,252 - -41,681

B s1630-0 B

Courtesy of T. West



NOAA-ESRL Carbon Tracker

Model of the Modeled CO, for the entire atmosphere
atmosphere 400

Codumes mean Ly on 2005-03-01, 10w= LT 3

340
. #ﬁ'
5 : 320 e -
LW W & 4 *E e £
1 mﬁ'& ¥aa !-"'"!.. LT M3 G 33':'
: ‘ || 1960 1970 1980 1990 2000 2010
e """ ¥ = r“il-,..- :
N Comparison of CO, calculated by
b, 1 2
% . B Corrected the model (black) with the 4
- sources measurements (red) at one
S——— and sinks 5 particular site.

Assumed CO, sources
and sinks

Ring 2 sites not included as input for 2007

http://carbontracker.noaa.gov i@ ‘“ NOAA ATMOSPHERIC ADMINISTRATION



Observations vs Carbon Tracker: 2007

Observations Carbon Tracker
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e Overall drawdown in CT 2008 is too weak
 But some features of modeled variability are consistent with obs
- large variability
- mm has less drawdown than whbi, rl, and kw in both model and obs



Observations vs Carbon Tracker: 2007

Observations Observations — CT (ppm)
- S — .

T 400}
2
= 305}
o)
3 390+
O
£ 385(
= 3801
(]
2> 375}
S
< 370t
Q
S 365)
=
5 360}
355
J

Obs - CT [CO2] (ppm)

2007

Corn belt sites

» Suggestive that CT model could be improved by adding crop details



Carbon Tracker residuals:
LEF (afternoon average)
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Carbon Tracker residuals:

LEF (afternoon average)
 On most days, agreement

| 1R | | is better than 5 ppm
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Carbon Tracker residuals:

LEF (afternoon average)
 On most days, agreement

R | IS better than 5 ppm

N o . | « However, on some days CT
O | E differs by 10-12 ppm from
© | e obs
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Carbon Tracker residuals:
LEF (afternoon average)
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Carbon Tracker residuals:
LEF (afternoon average)

-20 0] 20 40

CT - Measured (ppm CO2)
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Carbon Tracker residuals:
LEF (afternoon average)

NOAAHYSPLIT MODEL
Backward trajectory ending at 1900 UTC 11 Jul 07
EDAS Meteorological Data

sSource x at 4b_33\N 02/ W

[ . 3 b 3, (= e "w,
(- » Frea) ey o < b7 I Y
F 3 g o

-110 'H'
1
%
- !
’.,- |
ﬁ -‘_.'fh -,
'1| - 1,
| L
—_ -y -

== ==TT

~ | | i
83_ | ] |
O ] |
& 8 ] ' i
(@R o 1+ o % \
I | [s] ] ]
2 iy, p Sl e e T
8‘:’ G :d\?do o 0"' /o
| -
@7
qv]
5,
= 9
1
|_
O JUNE JULY

Courtesy of A. Andrews



Carbon Tracker residuals:
LEF (afternoon average)

NOAAHYSPLIT MODEL
Backward trajectory ending at 1900 UTC 20 Jul 07
EDAS Meteorological Data
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Carbon Tracker residuals:
LEF (afternoon average)

NOAA HYSPLIT MODEL

! ! ' Backward trajectory ending at 1900 UTC 28 Jul 07
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Carbon Tracker residuals:
LEF (afternoon average)
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A~ ' ' ' ! ! EDAS Meteorological Data
AN o _ ; ! ! =
O° ' ' '
i i i ~ all
! ! N L
& R - | o ! ! 3 5
Q. . o o ¢ o /oo\o : 13_ z -
o : so 1 /9 \ S /o 3
Q0 \ Qo | l QO @ o ‘\ o]
N—r . 270 6 oo _ / \50(;”0 0000 cf%' / 000 c{‘ i Jo @ o° r L/é.r
8 | N % ! 0| 5
et : i i x
- | | D
a7 | o
8 i : : 3 :
S <. . . . /
| | 1 1
[ I : :
P : l I I 1 1
O JUNE JULY

WLEF GOOD AGREEMENT
Predominant northerly influence

Courtesy of A. Andrews



Carbon Tracker residuals:
LEF (afternoon average)
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Carbon Tracker residuals:
LEF (afternoon average)
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Carbon Tracker residuals:
LEF (afternoon average)

NOAAHYSPLIT MODEL
Backward trajectory ending at 1900 UTC 08 Jul 07
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Carbon Tracker residuals:
LEF (afternoon average)

NOAAHYSPLIT MODEL
Backward trajectory ending at 1900 UTC 17 Jul 07
EDAS Meteorological Data
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Carbon Tracker residuals:
LEF (afternoon average)

NOAAHYSPLIT MODEL
Backward trajectory ending at 1900 UTC 25 Jul 07
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Carbon Tracker residuals:
LEF (afternoon average)

NOAAHYSPLIT MODEL
Backward trajectory ending at 1900 UTC 31 Jul 07
EDAS Meteorological Data

sSource x at 4b_JbN Hoz2/w
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Carbon Tracker residuals:
LEF (afternoon average)

NOAAHYSPLIT MODEL
Backward trajectory ending at 1900 UTC 31 Jul 07
EDAS Meteorological Data
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WLEF POOR AGREEMENT (CT TOO HIGH)
Most trajectories have some southerly influence.

CT overestimates CO2 compared to obs;
probably not enough uptake over corn

Courtesy of A. Andrews




Flooding in the Midwest: June 2008

Cedar Rapids, IA' Don Becker (USGS)
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Delay in seasonal drawdown
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2008 growing
season is
uniformly delayed
by about one
month, compared
to 2007

Effect of June
2008 flood?

Recovery:
increased uptake
later in the
growing season
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CSU Regional flux model: forward results

e SIB3-RAMS
e June-August 2007
* 40 km grid increment
46 vertical levels up to 24 km
 NCEP Eta-212 40 km meteorology
« MODIS LAI/FPAR and landcover

e Coupled with crop phenology
model for corn and soybean Bl occcwous [l snruos il corn
developed by Lokupitiya [2008] =M 5 [ sy

e 2 Cases
 BASE - without crop model
* CROP - includes corn/soybean

K. Corbin (CSU)



CSU SIB3-RAMS model vs Ring 2 Observations:
Daily Minimum CO2

OBS BASE-MODEL CROP-MODEL

394 |- 4= Addition of
0 crops greatly
358 1Y improved
393 _ model
)
erformance
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394 — x
m
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K. Corbin (CSU)



CO2 Gradient (ppm)

CO2 Gradients Across Ring2:
Model vs Observations

- OBS

402_ CROP-MODEL ,u\ V _
M |
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1 1 1 .
Jun 15 Jul 1 Jul 15 Aug 1 Aug 15

2007
K. Corbin (CSU)



Simulated CO2 at 120 m

Synoptic Controls of CO, Gradient

above ground level on two
days in mid-July 2007,

illustrating advective controls
on CO2 gradients observed

across the Ring 2 towers

Southerly Winds
Northerly Winds

K. Corbin (CSU)
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High-Gradient Case: July 16, 2007
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Summary

Aircraft and tower results both indicate large spatial gradients between
sites despite relatively small site separations

Seasonal cycle:

— difference amongst sites, some with very large seasonal drawdown
Comparisons of Ring 2 and NOAA tall tower obs to CarbonTracker

— Weak overall drawdown, but good variability

— Pattern in the LEF residuals indicates not enough uptake over corn
— Obs highlight need to properly account for transport in models

Regional model results: promising model performance when crops are
Included




Range Corrected Color-History-Diagram of Morning-to-Night & Night-to-Morning Transitions for
Off-Line and Side-Line Lidar Signals obtained on July 5-6, 2008 at \West Branch, lowa.

x 10

Off-Line

Altitude [m)]

18:00 00:00 06:00 12:00 18:00
Time [UTC]

Side-Line: 2.80 GHz 2.15 GHz 2.15 GHz

Altitude [m]
s & B
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18:00 00:00 06:00 12:00 18:00 _
Time [UTC] Courtesy of S. Ismail



Comparison of the (morning) average of measurements

379 m level measurements
DIAL and Tower Comparison

Smoothing Points None

DIAL Mean ppm 367.9 ppm

Tower Mean ppm 375.5 ppm

DIAL Standard Error 4.7 ppm
99 m level measurements

DIAL and Tower Comparison

Smoothing Points None

DIAL Mean ppm 372.9 ppm

Tower Mean ppm 377.5 ppm

DIAL Standard Error 3.4 ppm

Courtesy of S. Ismail



NOAA Aircraft Program CO2 Measurements

Climatology of 12
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