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Air Flow in Ecosystem

 Air flow can be imagined as a horizontal flow of nimnerous rotating eddies.
« Each eddy has 3D components, including a vertical mil component.
e The diagram looks chaotic but components can be measd from the tower.




Eddies In one point

Time 1:

anr

anr

At one point on the tower
Eddy 1 moves parcel of air c1 down with speed w1, ¢n Eddy 2

moves parcel c2 up with speed w2.
Each parcel has concentration, temperature, humidityf we know

these and the speed — we would know flux.
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Practical Formulas
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Fast-response C@nd water vapour analyser
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Tower location is restricted by what it can See upwind.

Location should be optimal to be representativecosystem of interest
for most wind direction or for prevailing winds

At the very least, location should allow sampling ofepresentative
ecosystem of interestor prevailing wind direction.

“field of view”

sensor



Two-axis rotation was applied before calculating th e fluxes of CO ,, sensible and
latent heat.

The influence of water vapor on the measurement of sonic temperature, high
frequency loss of signal due to the inability of th e measurement, and the effect of
air density fluctuation on CO , and heat fluxes were corrected accordingly.

Stationary test and integral turbulence test were | ntroduced for quality control of
the raw data by excluding data when there were rain  fall, dew formation, power
failure, or equipment failure.

In order to estimate annual carbon budget and compa  re with other ecosystem,
data gaps less than 2 hours were filled by lineari  nterpolation; For larger gaps
(<14 days), we used the mean diunal variation (MDV)  method, with daytime 14-
day independent windows and nighttime 7-day indepen t windows as the
appoximations.
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Spurious spikes and anomalous values of NEE werere  moved from the analysis data
set. Half-hour NEE values were excluded from furthe  r analysis when:

Calculated NEE was excessively high or extremely lo  w.

Rainfall events occurred.

Insufficient sample points (N<15,000) were collecte  d during a 30-min period.
Instruments malfunctioned.

The data from stable nocturnal periods were exclude  d when the friction velocity (u*)
was less than 0.15m/s.

In order to derive continuous time series of NEE, d  ata gaps less than 2 hours were
filled by linear interpolation; larger gaps were fi lled by means of functional
relationships between NEE and soil temperature duri ~ ng nighttime and PAR during
the daytime.
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Simple

Empirical

Statistical

Methods

Linear Interpolation

Site specific ratio between variables

Near-by meteorological measurements

Mean diurnal variation (Falge et al. 2001)

Non-linear regression (Falge et al. 2001)

Look-up table (Falge et al. 2001)

Neural networks (Papale, Valentini, 2003)

Advanced statistical filtering techniques
(Multiple imputation (Hui et al. 2004); State
dependent parameter estimation, Jarvis et
al. 2004)

Properties
Linear Interpolation (<1-2 hr gap)
Relationship of variables (i.e. VPD & Tair)

Near-by weather stations without data gaps

Temporal Autocorrelation, diurnal variation

Functional dependence on meteo
conditions

Dependence on meteo conidtions

Functional dependence on meteo
conditions and time of the year

Functional dependence on meteo
conditions, temporal autocorrelation;
statistical assumptions (normalty of data
etc.)



* Experiment design: establish purpose, variables, instruments, software,
location, maintenance plan

e Implementation: place tower and instruments, test data collection and
retrieval, test processing program on the standard file, keep up

maintenance throughout the experiment

* Process instantaneous data: convert units, determine best averaging
period, de-spike, correct for time delay, apply calibrations, compute rotation

coefficients and frequency response corrections, average data

* Process averaged data: apply rotation coefficients, frequency response
and other corrections, quality control, fill-in, integrate, compute storage

 Validate data: validate with Energy Budget closure, co-spectra, alternative
methods, back-up instruments, biomass data, and light-response curves

* Pre-analyze data: check carefully nighttime data, advection periods,
calculate uncertainties for integrated flux numbers



Measurements at the point are assumed to represaptvamd area.

Measurement are assumed to be done inside the bouagaryf interest, and
Inside the constant layer.

Fetch and footprint are assumed adequate, sodlmeasured only from the area
of interest, and flux is fully turbulent.

Terrain is horizontal and uniform.
Density fluctuations are negligible.
Flow divergences and convergences are negligible.

The instruments used can detect very small changevangmigh frequency.

Some ofthese assumptionslepend on the propersite selectionrand experiment
setup, other would largely depend oratmospheric conditions and weather
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Meteorological elements

Instruments or sensors

Location (m)

CO, and H,O concentrations
Vertical and sonic temperature
Net radiation
Photosynthetic photon flux
Wind speed and direction
Air temperature and humidity
Soil temperature
Soil heat flux
Soil water potential
Soil volumetric water content
Precipitation
Barometric pressure

LI-7500, LI-COR, USA
CSAT3, CSI, USA
CNR-1, Kipp & Zonen, Netherlands
LI-190SB, LI-COR, USA
014A and 034A-L, CSI, USA
HMP45C-L, Vaisala, Finland
107-L, CSI, USA
HFT-3, CSI, USA
257-L, CSI, USA
CS616-L, CSI, USA
TE525MM, CSI, USA
PTB101B, Vaisala, Finland

2.5
2.5
2
6
6
2,4,6
0.05, 0.1, 0.3
0.05 (3)
0.1,0.3
0.1

7
1
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Meadow steppe in Changling Typical steppe in Dongwu

Desert steppe in Duolun Degraded grassland in Xilinhot
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Quantify the magnitude of daily, seasonal and inter-annual changes in net
ecosystem exchange (NEE), ecosystem respiration (Re) and gross primary
production (GPP) of meadow steppe.

Examine the dependence of carbon fluxes on abiotic and biotic factors.

Canopy and leaf scales of water exchange and water use efficiency
(WUE) response to global climate change.

Energy balance and partition under different environmental conditions.



NEE: Net ecosystem exchange of carbon
GEP: Gross ecosystem production

NEP: Net primary production

Ra: Autotrophic respiration

Rh: Heterotrophic respiration

Ra+Rh: Total ecosystem respiration

\Night time NEE
Daytime NEE — Nighttime NEE = NPP

0 . ?
# 23 ( ?2#7



Cumulative NEE (gC m 'Zyr'l)
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Cumulative NEE for 2007 (black), 2008 (grey), and 2009 (dark grey).
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Less NEE in 2007 resulting from three aspects:

Later carbon capture in 2007 was a direct consequence of later
photosynthesis start which was imputed to slow grass rebirth after
the dormancy and soil thaw.

Fewer and larger individual rainfall events, as well as longer
Intervals, potentially aggravated the severity of drought in 2007.

Except for the aforementioned, the occurrence of mid-summer
drought in July 2007 further shortened the length of reaching the
climax of biomass, thus enhanced the negative effect brought by
spring drought.
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Daily net ecosystem CO, exchange (NEE) from 2007 to 2009 (to August), the solid
line is the running average sampled on the adjacent 10-day data.
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For this study, we estimated WUE, as the ratio of net ecosystem exchange of
carbon (NEE) to evapotranspiration (ET), and WUE ., as the ratio of NEE to
transpiration (Tr).

ET was derived by dividing the LE by the heat of vaporization (Sun et al., 2008),
Tr was derived by separating the ET into soil evaporation (Es) and transpiration
(Tr) using Shuttleworth-Wallace (S-W) model (Shuttleworth and Gurney, 1990;
Shuttleworth and Wallace, 1985).

WUE, = 35
WUE,,, =€
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WUE, = NEE
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Seasonal and interannual variation in daily values of ecosystem water use efficiency (WUE__.).
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Seasonal and interannual variation in daily values of plant water use etficiency (WUE,).
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The fraction of ES/ET and plant water demands-supply relationship (Tr/P) for each
month of the growing season in 2007 and 2008.



NEE over the two complete years varied from 64.2gC  m-2yr-1in 2007 to 160.5 gC
m-2yr-1in 2008, about 150 % increase. The strength of carb  on sink over meadow
steppe was much higher than the typical steppe in central Mongolia and Inn er
Mongolia.

Spring drought slowed down grass rebirth after the dormancy and soil thaw,
postponed the phenophase, and reduced NEE significa  ntly in the growing
seasons.

The greater C uptake could be reinforced by effecti  ve rainfall on each
appropriate-sized individual and the intervals.

Spring drought causes a greater tendency in reducin g GEP than ET, suggesting
that photosynthetic processes were the dominant reg ulator of the seasonal
variations in ecosystem WUE.

Most of water supply from underground water dedicat ed to soil evaporation
during the spring drought, not transpiration, thus effective water for plant use
was greatly diminished.



In Northeast China, the total area of
alkali-saline land reaches 3,730,000 hm?2
in the western Songnen Plain, which is
one of the three largest alkali-saline
regions in the world. For the meadow
steppe, the vegetation degradation

always goes with soil salinization.

To identify whether the bare alkali-
saline soil contributesto CO,
fixation in the process of secondary
salinization of soil on this region?

If so, can the salinity layer restrict
carbon release from soil?
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