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Web site: http://www.arts.monash.edu.au/ges/research/climate/fire/ 
Description: Detailed carbon stocks and flux estimates using EC and inventory techniques.  Stand characteristics including LAI and DBH. Soil and stem respiration measurements.  GPP, Re, NEE measurements
Dates: August 2001 to August 2006
Site: Howard Springs

Location: 12o29.712'S 131o09.003'E

See also Figure and site maps at the end of this document

Vegetation: LAI Trees 0.6 to 1.0, Grass 0.1-1.5
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BA 10-12 m2 ha-1
Stems ha-1 700 

Tree Height 17m
Grass height max 1.75m

Climate: This is part of the coastal humid region of the Northern Territory.  This region experiences two major seasons: wet and dry.  The wet season generally occurs from December to March (inclusive) and during this time approximately 95% of the annual rainfall (which in this region is approximately 1750mm per annum) occurs as shown in the figure below.  The dry season generally occurs from May to September (inclusive). Maximum temperatures range from 30.4ºC (in July) to 33.2ºC (in November), while minimum temperatures range from 19.3ºC (in July) to 25.4ºC (in November).  Therefore, the maximum and minimum range varies from 7ºC (wet season) to 11ºC (dry season).

Fire events: Fires are a regular feature of this landscape.  To try and measure NBP we have included fire in our measurements.  Fire occurred on the following dates and had the following intensities.
	Year


	Date (Julian day)
	Intensity (kW m-1)

	2001
	218
	3550

	2002
	230
	3000

	2003
	241
	???

	2004
	219
	3610

	2005
	159
	1399

	2006
	146
	1047


There are two columns for each of the flux variables.  The BURN column includes the influence of fire.  Separate NN models were developed for each year during the fire period and for the 60 days of recovery post fire.  This NN was weighted by “days since fire” and was used to gap fill the record where data was missing.

The second column is the UNBURNT column which attempts to exclude the influence of fire.  It uses a NN model developed for the 5 year data set during periods which were not fire affected.  The NN was then used to estimate the fluxes during the 60 days post fire.  In other words all observed data was replaced by a NN model for days 0 to 60 after fire.

Validity checks

Data was deemed invalid if:

1. It exceeded threshold values for physically realistic fluxes

2. Was a INF or NaN value generated by the logger

3. The SD of the 10 Hz data was greater than 2 times the mean

4. the diagnostic flags for the sensor resulted in exclusion of more than 30% of the 30 minute period
The validity of the data is shown in the data by columns with VALID where values of 2 indicate valid data. 3 indicated data gap filled using linear interpolation.  All other data  were gap filled using a NN model approach.
Gap filling

Where data were missing or deemed invalid we applied the following procedure

1. Gaps of shorter than 3 hours duration were simply filled using linear interpolation

2. We also developed a NN model for day and nighttime NEE (trained on unburnt periods) and we used this model to gap fill longer periods in our data

Carbon Flux data and corrections

1. We chose not to ustar correct the data because we have a near perfect site with we assume no advection.  We see clear respiration pulses in the early morning and we consider that we capture these with our tower measurements.

2. Our Ecosystem respiration (Re_NN) model was constructed using a NN model and we trained the model using only nocturnal NEE (Fc) values.  Discriminating between early evening and early morning values did not change our model Re.  We also fitted a simple quadratic function to the data.
Climate time series

Continuous time series of meteorological variables were ‘constructed’ from tower data where available.  Where data was not available the following alternate data was used:

1. Bureau of Meteorology Darwin Airport data 25 km away

2. Atmospheric radiation Measurement (ARM) US DoE – site collocated at Darwin Airport

fPAR time series

A continuous fPAR data set was constructed using MODIS cutout data and a spline fit between 10 day fPAR values.

Carbon Stocks (t.C.ha-1) from Chen:

Leaf: 1

Branch: 8

Stem: 22

Dead stem: 1

Total Plant=32

Tree: 32

Understorey: 2 

Litter: 1

Total Above Ground =35

Fine root: 0.4

Coarse root: 16.6

Below Ground Biomass: 17

Soils: 151

TOTAL ECOSYSTEM = 192

SOIL CARBON:
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Climate and flux data available:  All data available at 30 minute resolution at Howard Springs (HWS).
	TIME
	Time stamp in WINDOWS time format

	day
	Day of Month

	month
	Month in Year

	YEAR
	Year AD

	jday
	Julian Day

	HOURMIN
	Hour and minute HH:MM

	TCODE
	Internal tcode YYYY:DDD:HH:MM

	week
	Week in year

	J_TAU
	Momentum flux

	J_USTAR
	Friction velocity (m.s-1)

	CO2_MGM3
	RAW data from tower ambient concentration of CO2 (mg.m-3) from LI7500 sensor

	H2O_GM3
	RAW data from tower ambient concentration of H2O (g.m-3) from LI7500 sensor

	TS_Avg
	Raw data from tower Sonic temperature (oC) Virtual Potential Temperature from CSAT3

	CO2_conc_construct
	Ambient concentration of CO2 (mg.m-3) Constructed from raw data and gap filled using climatalogical average approach

	JVALIDY
	Overall Validity flag for flux data.  When all fluxes are valid this is set to 2.  Triggered to be else if one of the fluxes are invalid 

	H_valid
	Validity flag for H flux data.  Valid when this is set to 2 and set to 3 when gap filled using linear interpolation for time periods less than 3 hours.  Triggered to be else if the flux is invalid (See text on validity)

	LE_valid
	Validity flag for LE flux data.  Valid when this is set to 2 and set to 3 when gap filled using linear interpolation for time periods less than 3 hours.  Triggered to be else if the flux is invalid (See text on validity)

	FC_valid
	Validity flag for Fc flux data.  Valid when this is set to 2 and set to 3 when gap filled using linear interpolation for time periods less than 3 hours.  Triggered to be else if the flux is invalid (See text on validity)

	Soil_wat_construct
	Soil water at HWS (m3.m-3) measured over top 10cm average measured using a CS615 / CS616

	ts_construct
	Soil temperature at HWS (oC) measured over top 10cm average using Campbell TCAV

	SHF_construct
	Soil Heat Flux plates average of four plates HWS (Wm-2) measured at 10cm depth using REBS HFT3

	G_construct
	Soil heat flux (W.m-2)

	H_corr_qc
	Corrected and quality checked Sensible heat flux from HWS but NOT gap filled (W.m-2)

	LE_corr_qc
	Corrected and quality checked Latent heat flux from HWS but NOT gap filled (Wm-2)

	FC_corr_qc
	Corrected and quality checked Fc (NEE) heat flux from HWS but NOT gap filled (mg.CO2.m-2.s-1)

	ta_construct
	Air temperature from HWS (oC)

	rh_construct
	Relative humidity from HWS (%)

	vpd_construct
	Vapour pressure deficit at HWS (hPa)

	SH_construct
	Specific humidity at HWS (g.kg-1)

	WS_contsrut
	Wind speed in (m.s-1)

	P_construct
	Atmospheric Pressure (mb)

	rain_construct
	30 minute rainfall totals (mm)

	es_construct
	Saturation vapour pressure (mb)

	e_construct
	Actual vapour pressure (mb)

	MODIS fPAR interp
	MODIS cutout fPAR interpolated (see text)

	kdown_con
	Shortwave radiation incoming at HWS (W.m-2)

	kup_con
	Shortwave radiation outgoing at HWS (W.m-2)

	Ldown_con
	Long Wave radiation incoming at HWS (W.m-2)

	Lup_con
	Long Wave radiation outgoing at HWS (W.m-2)

	Rn_con2
	Net radiation at HWS (W.m-2)

	PAR_Total
	Total PAR (umol.m-2.s-1) using DeltaT BF3 sunshine sensor

	PAR_diffuse
	Diffuse PAR (umol.m-2.s-1) using DeltaT BF3 sunshine sensor

	Quntm_down_Avg
	PAR incoming (umol.m-2.s-1) using Apogee Quantum sensor

	Quntm_up_Avg
	PAR outgoing (umol.m-2.s-1) using Apogee Quantum sensor

	RN_G_construct
	Available energy - Rn minus G – at HWS (W.m-2)

	Eto
	Potential evaporation (W.m-2)

	RE_curve3d
	Half hourly Re (mg.CO2.m-2.s-1) see text

	Experiment year
	Experiment year goes from Julian day 144 to the next year.  This captures a complete wet season rather than splitting it in Dec and also ensures that only 1 fire event occurs in each experimental and hence accounting year

	Days since fire event
	Ranges from -20 for 20 days before to fire to plus ~340 days following fire.

	Fc_Construct Burn2006
	 Half hourly NEE (mg.CO2.m-2.s-1) INCLUDING data from the burn period

	Fc_Construct NOBurn2006
	Half hourly NEE (mg.CO2.m-2.s-1) Excludes data from 60 days following fire and is replaced with NN model data

	Fc_Construct Burn with const 8% SWC2006
	Half hourly NEE (mg.CO2.m-2.s-1) Excludes data from 60 days following fire and is replaced with NN model data AND also attempts to remove the effect of rain pulses during this period by holding soil water content constant at 8% during 60 post burn period

	GPP_NN4_2006
	Half hourly GPP (mg.CO2.m-2.s-1) data from NN model no observed data and NN trained using non burn data

	GPP_construct _burn2006
	Half hourly GPP (mg.CO2.m-2.s-1) INCLUDING data from the burn period

	GPP_construct_ NOburn2006
	Half hourly GPP (mg.CO2.m-2.s-1) Excludes data from 60 days following fire and is replaced with NN model data

	Re_NN3_2006
	Half hourly Re (mg.CO2.m-2.s-1) data from NN model no observed data and NN trained using non burn data

	Re_construct_ burn2006 
	 Half hourly Re (mg.CO2.m-2.s-1) INCLUDING data from the burn period

	Re_construct_ NOburn2006
	Half hourly Re (mg.CO2.m-2.s-1) Excludes data from 60 days following fire and is replaced with NN model data

	LE-NN test8.2 2006
	Half hourly LE (W.m-2) data from NN model no observed data and NN trained using non burn data

	LE_construct_ burn2006
	 Half hourly LE (W.m-2) INCLUDING data from the burn period

	LE_construct_ NOburn2006
	Half hourly LE (W.m-2) Excludes data from 60 days following fire and is replaced with NN model data

	H_construct_ burn2006
	 Half hourly H (W.m-2) INCLUDING data from the burn period

	H_construct_ NOburn2006
	Half hourly H (W.m-2) Excludes data from 60 days following fire and is replaced with NN model data 

	Fc Noburn ustar 0.2 2006
	Half hourly NEE (mg.CO2.m-2.s-1) Excludes data from 60 days following fire and is replaced with NN model data BUT with replacement of Fc values for nocturnal ustar values <0.2

	Fc Noburn ustar 0.15 2006 
	Half hourly NEE (mg.CO2.m-2.s-1) Excludes data from 60 days following fire and is replaced with NN model data BUT with replacement of Fc values for nocturnal ustar values <0.15

	Fc Noburn ustar 0.1 2006
	Half hourly NEE (mg.CO2.m-2.s-1) Excludes data from 60 days following fire and is replaced with NN model data BUT with replacement of Fc values for nocturnal ustar values <0.1


Figure 2: Overview of Surface energy balance sites (Google Earth)
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Figure 5: Howard Springs surface energy balance site
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Figure 6: Howard Springs surface energy balance site
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