Supporting information 1
Combining two sensors
The GasFinders on the northeast side were post-measurement combined to a single sensor to cover a larger fraction of the emission plume and to be less prone to erroneous measurements as fluctuations within one device are evened out. For each 30 min interval the weighted average according to the path length of the sensors over the concentration measurements and DbLS values were taken (Eq. S1.1).
	
	
	Eq. S1.1


With X either concentration C or dispersion factor DbLS for the corresponding device OP, P = path length, OP1 = device 1, OP2 = device 2 and comb = combined sensor.
For the intervals where only one of the devices passed the quality checks, the sensors were not combined, and the emission estimate was based on the measurement of the single sensor that passed the quality checks.


Supporting information 2
Source weighting
The dairy housing has a covered underground slurry pit which also emits CH4. Because the emission from the slurry pit and the housing differ in their emission strength (g CH4 m-2 h-1) the two sources need to be weighted. This is done giving each area a prior emission based on Kupper et al. (2020) for the slurry pit and Poteko et al. (2020) for the housing (respiration chamber data).
For campaign 1, the pre assumed emissions for the housing and slurry pit are Ehousing = 0.6924 g m-2 h-1 and Eslurry = 0.4438 g m-2 h-1, respectively. For the second campaign the assigned emissions are Ehousing = 0.5699 g m-2 h-1 and Eslurry = 0.0575 g m-2 h-1 for the housing and the slurry pit, respectively. For the slurry pit the baseline emissions for cattle from farm-scale for temperate and cold season were used with a reduction of 15% due to the solid cover (Kupper et al., 2020). With those values, the two sources were combined to a single source (Eq. S2.1) with an average D of:
	
	
	Eq. S2.1


Where the weights were calculated as
	
	
	Eq. S2.2


It is assumed that the iTRM method does not capture any emission from the slurry pit. Hence, to make IDM emissions comparable to iTRM, the slurry pit emissions need to be subtracted from the total IDM emissions. In a first step, it is assumed that the emission for every interval from the slurry pit varies proportional to the emission from the dairy housing. The average slurry pit emission (Qslurry) for each campaign are therefore calculated by multiplying the average IDM emission (slurry pit + housing) (Qtotal) with the share of the slurry pit (sslurry) emission calculated with the individual emission strengths (Ehousing and Eslurry) and the area of each source (Ahousing = 1064 m2, Aslurry = 140 m2) (Eq. S2.3).
	
	
	Eq. S2.3


The shares of the slurry pit are 7.8% and 1.3% for the first and second campaign, respectively. For the final results, we assumed a constant emission from the slurry pit. Therefore, Eq. 2 in the paper is expanded by the term ∆Cslurry, which is the theoretical concentration at the sensors that comes from in the first step calculated average slurry pit emission and the DbLS_slurry value (Eq. S2.4).
	
	
	Eq. S2.4


The emission from the dairy housing is then calculated as (Eq. S2.5):
	
	
	Eq. S2.5


We assumed a constant emission rate for the slurry store which is not perfect as it is likely varying with temperature during the day (Kupper et al., 2020). The variation is expected to be small due to the coverage of the pits with a concrete ceiling. Overall, this simplification will not introduce a major error the emission calculation.


Supporting information 3
Wind direction filtering
Wind sectors were defined by drawing imaginary lines from one end of the sensor path to the nearer diagonal edge of the source (Figure S3.1)
[image: ]
[bookmark: _Ref49678009]Figure S3.1 Defining wind sectors for filtering by drawing imaginary lines to the nearer diagonal edge of the source. Dots = GasFinder sensor and retroreflector, solid line = measuring path, dotted line = line for wind sector filter
Figure S3.2 shows the CH4 emission data for the northeast and southwest side for both measuring campaigns with all filters applied as outlined in section 2.2.4 of the paper. The initial wind sectors for the northeast side had to be narrowed by 8° to eliminate the high variation of emission estimates at the edge of the chosen wind sectors. The higher emissions towards the edge of the wind sectors are most likely to the corresponding GasFinder capturing only a part of the plume. This can be a problem because the plume from the bLS model does not entirely coincide with the real emission plume. For the presented IDM emissions, the narrowed wind direction filter was used.
[image: ]
[bookmark: _Ref49243084]Figure S3.2 CH4 emission flux (kg h-1) plotted against wind directions. Vertical solid line indicates initial wind sector filtering. Dotted line indicates revised wind sector used for the further data processing.

Supporting information 4
A detailed overview on emission estimates differentiated by stability and wind direction is given in Table S4.1. As written in the paper, the differences are within the standard deviation and the uncertainty of the IDM.
	
	Campaign 1
	Campaign 2

	
	N
	Emissions [kg h-1]
	N
	Emissions [kg h-1]

	SW Wind
	440
	0.76 (0.24)
	322
	0.58 (0.27)

	NE Wind
	305
	0.73 (0.34)
	126
	0.71 (0.31)

	L > 0
	438
	0.73 (0.25)
	301
	0.6 (0.28)

	L < 0
	307
	0.78 (0.33)
	147
	0.66 (0.31)


[bookmark: _Ref57733696]Table S4.1 Average CH4 emission estimates in kg h-1 ±SD (in parentheses) for both campaigns separated by wind direction and stability conditions. N = number of valid half-hourly IDM emission intervals, SW = southwesterly, NE = northeasterly, L = Obukhov length, L > 0 = stable conditions, L < 0 = unstable conditions.
However, if the IDM retrieved CH4 emissions are plotted against friction velocity (u* values) and grouped by wind direction a small trend is discernable (Figure S4.1). For northeast wind, it seems that there is an increase in the CH4 emissions with higher u* values. For southwest wind no trend is discernable. One hypothesis could be that the GasFinders and the sonic on the southwest side of the housing were too close to the building and that their emission estimates show systematic (model) biases that vary with wind strength.
[image: ]
[bookmark: _Ref55737768]Figure S4.1 CH4 emission estimates, determined with the IDM method, plotted against friction velocity (u*) values for different wind directions and campaigns. Left column: emissions with southwesterly wind. Right column: emissions with north easterly wind. Upper panel = Campaign 1, lower panel = campaign 2. Dashed line: local regression (loess) with standard error.

Supporting information 5
Measurement data
Measurement data of the study are provided in the additional excel file “Supporting information 5”.
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