Supplementary Methods
Assessing sampling biases incurred through excluding sequences
Each sequence in GISAID is annotated with a description of the location and date of virus sample collection. Location metadata was used to systematically select sequences for inclusion into the study. The whole of Mainland China (approximately 9,596,960 km2) was selected as the study area. Mainland China is defined as all regions under the direct jurisdiction of the People's Republic of China (PRC), excluding Hong Kong and Taiwan. All autochthonous H7N9 cases have so far been isolated from Mainland China, whereas Hong Kong and Taiwan have not yet reported autochthonous human or animal H7N9 cases. 
We used a systematic process to select sequence data into our study sample (see Figure SF1). Firstly, sequences with no usable geographic metadata were removed. Secondly, sequences outside of China were removed. Hong Kong and Taiwanese sequences were also excluded, as all autochthonous H7N9 cases have so far been isolated from Mainland China (defined as all regions under the direct jurisdiction of the People's Republic of China), whereas Hong Kong and Taiwan have not yet reported autochthonous human or animal H7N9 cases. Finally, sequences which were annotated with a spatially disaggregate location at least to the level of a primary administrative region (provinces, municipalities, autonomous regions) were chosen for inclusion into the final group. 
 




Figure SF1. Sequence selection flowchart. This flowchart shows how sequences were systematically selected. The left and right panels pertain to H5N1 and H7N9 respectively. 
[image: \\INFPWFS1206.ad.unsw.edu.au\Staff090$\z5023539\PhD\3.8 H5N1 H7N9 genetics\9. Phylogeography_project\Flowchart.png]

We used MEGA 7 1 to develop neighbour-joining trees. To assess whether excluding sequences produced any changes in the topology of the tree, we visually  inspected each neighbour-joining tree using Phylo.io 2 and compared principal coordinates using TreeSpace (λ = 0) 3. For both H5N1 and H7N9, MDS analysis and visual inspection of neighbour-joining tree topologies showed that trees constructed using all four sequence subsets were not all similar to each other (see Figure SF2). For both H5N1 and H7N9, tree topologies were only similar between the final sequence set (subset 4) and the sequence set compiled prior to down-sampling (subset 3). We also compared the topology of final Bayesian phylogeography trees (random subsample of 100 trees and the MCC tree). For H5N1, we found that the trees developed in BEAST overlapped in “tree space” with three out of four neighbour-joining trees (NJ subsets 1-3). 
Assessing sampling biases incurred from H7N9 random selection 
We assessed sampling biases incurred from random selection of H7N9 by conducting individual analyses using all each of the three H7N9 sequence sets for comparison. We conducted three independent runs for each of the four analyses (one H5N1 and three H7N9), to assess for any spurious changes in parameterisation or tree topologies (indicative of insufficient sampling in the MCMC).  
For H7N9, we found that the trees developed in BEAST did not overlap in “tree space” with the majority of the neighbour-joining trees, the exception being NJ subset 4 in the second random sample of H7N9 sequences.

Figure SF2. Evaluating similarity of tree topologies. Panel A pertains to H5N1. Panels B, C and D pertain to H7N9 and represent the three random subsets of H7N9 sequences. The blue dots represent a subsample of 100 trees generated from the final Bayesian phylogeography analysis. The brown dots represent the MCC trees generated from the final Bayesian phylogeography analysis. The red, green, orange and purple dots represent neighbour-joining trees generated from four sequence datasets (subset 1,2,3 and 4 respectively, as described in Figure S1). Trees which are closer together in x-y distance are more topologically similar.
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Assessing representativeness of sequence data
To assess whether our sample of sequence data was spatially and temporally representative of H5N1 and H7N9 prevalence in our study region, we compared their respective spatial and temporal distributions with human and poultry outbreak incidence data. The total number of human cases and poultry outbreaks of HPAI H5N1 and LPAI H7N9 for each primary administrative region in China was obtained from the Food and Agricultural Organization (FAO) (last accessed May 2017) 4.
[bookmark: _Hlk506564061]We visually compared the distribution of sequences and disease incidence data (human cases/poultry outbreaks) across geographical and temporal distributions (Figures SF3-5). We can see that the proportion of sequence data over time generally reflects that of disease incidence, with the exception of H5N1 prior to 2004, as incidence data was not available prior to 2004 for this subtype. For H7N9, the ratio of sequences to incidence data is much smaller due to the large number of H7N9 human cases. There are much greater discrepancies between the geographic distribution of sequences and disease incidence data for both subtypes. Compared to H5N1, there are much larger discrepancies for H7N9. 

Figure SF3. Comparison of sequence and outbreak data over time. The top and bottom panels pertains to H5N1 and H7N9 respectively. Orange and green colours indicate sequence data and poultry outbreak/human case data respectively. For H5N1, data for poultry outbreak/human case data was not available prior to 2004.
[image: C:\Temp\Work\20171219_CmprSeqCasesinR\Outputs\Dates.tiff]
Figure SF4. Comparison of H5N1 sequence and outbreak data over geographic space. Orange and green colours represent sequence data and poultry outbreak/human case data respectively. Height of the bars are relative to each other. [image: C:\Temp\Work\20171219_CmprSeqCasesinR\Outputs\H5.tiff]
Figure SF5. Comparison of H7N9 sequence and outbreak data over geographic space. Orange and green colours represent sequence data and poultry outbreak/human case data respectively. Height of the bars are relative to each other.
[image: C:\Temp\Work\20171219_CmprSeqCasesinR\Outputs\H7.tiff]

Selection of GLM predictors
Anthropogenic variables such as human population density and road densities have previously been identified as important contributors to predicting AI virus spatial distribution 5-11. Highly populated areas are indicative of more intensive poultry farming practices, and highly travelled regions are indicative of more poultry trading activities. Likewise, agricultural variables indicative of the level of commercial poultry produced in an administrative region, have previously been identified as important contributors to predicting AI virus spatial distribution. 
In addition to the agricultural variables chosen in Lu, Leigh Brown 12, we added H5N1 poultry vaccination rates as another variable. Previous studies have indicated selection pressures induced by avian influenza vaccination can significantly influence viral ecology in regions where vaccination occurs 13. Also, the level of vaccination per province can be considered a proxy for the level of effort an administrative region invests in it’s animal health and biosecurity. Hence, H5N1 poultry vaccination rates per primary administrative region was included as a potential predictor (we were unable to include H7N9 poultry vaccination rates as, at the time of our analysis, these have only been recently rolled out in selected regions). The Chinese Ministry of Agriculture publishes monthly H5N1 vaccination rates of chickens, ducks and geese for each administrative region, however only chicken vaccination rates had high completion rates 14. We collated data on the most recently published monthly vaccinations rates (from January to November 2014) for chickens, and averaged the rates for each administrative region. 
Environmental variables have been previously demonstrated to have a role in modulating AIV distribution 15, 16. Relative humidity and precipitation have both been found to be major contributors in spatial and temporal models of H7N9 17-20. Changes in temperature and humidity have been shown to affect transmission potential 21, for example ambient temperature may impact virus transmission due to physiological changes in the hosts which increase susceptibility to infections 22.  
Sequence sample size for each region was additionally incorporated as a predictor as this has previously been found to be a source of bias 23. Similarly, the number of human cases and the number of poultry outbreaks can also be a potential source of bias. The total number of human cases and poultry outbreaks of H5N1 and H7N9 for each primary administrative region in China was obtained from the Food and Agricultural Organization (FAO) (last accessed May 2017) 4. The average number of human cases and poultry outbreaks was calculated per year.
Finally, geographic distance between each of the regions was added as a predictor. Distance was calculated using centroid latitude and longitude coordinates derived from base maps of primary Chinese administrative regions (obtained from the GADM database of Global Administrative Areas 24 in ArcMap version 10.2 under a China Albers Equal Area Conic projection 25).
In Table SF1, we list our 20 predictors selected for correlation analysis. Supplementary Tables SF2-3 show the correlation results of the all potential predictors for H5N1 and H7N9 respectively. We provide the predictor data used in the GLM analysis in Tables SF4-S5.
Table SF1 | Potential predictors collated for generalised linear model (GLM) analysis 
	Category
	Predictor name
	Description

	Anthropogenic
	popDens
	Population density (10, 000 persons/km2)

	
	*ruralPop
	Rural Population (%)

	
	urbanPop
	Urban Population (%)

	
	*pollution
	Sum of Smoke and Dust, Sulphur Dioxide, Nitrogen Oxides (10 000 tonnes)

	
	railway
	Freight Traffic by Region railway (10 000 tonnes)

	
	highway
	Freight Traffic by Region Highways (10 000 tonnes)

	
	waterway
	Freight Traffic by Region Waterways (10 000 tonnes)

	Agricultural
	*poultrySales
	Sales of Poultry Per Capita Rural Household (kg)

	
	outputEggs
	Output of Poultry Eggs (10, 000 tonnes)

	
	poultryDensity
	Poultry Density (10, 000 unit/km2)

	
	*Vaccination
	Average 2014 monthly H5N1 vaccination rate (%)

	Environmental
	*natureReserves
	Percentage of Nature Reserves in the Region (%)

	
	temp
	Average Temperature of Major Cities (oC)

	
	*humidity
	Average Relative Humidity of Major Cities (%)

	
	precipitation
	Average Precipitation of Major Cities (millimetres)

	
	surfaceWater
	Surface Water Resources (100 million cu.m)

	Sampling bias
	*sampleSize
	Total number of sequences used in the analysis

	
	Outbreaks
	Average number of H5N1 or H7N9 domestic poultry outbreaks reported per year

	
	Cases
	Average number of H5N1 or H7N9 human cases reported per year

	Geographical
	*Distance
	Distance between two locations, calculated using latitude and longitude coordinates


*Predictor variables chosen for GLM analysis



Table SF2 | Pearson correlation tests for potential predictors for H5N1. Cells that are highlighted green indicate minimal correlation (R2 between -0.5 to 0.5). Cells that are highlighted orange indicate correlation is present (R2 > 0.5 or R2 < -0.5). 
	
	poultrySales
	outputEggs
	poultryDensity
	natureReserves
	temp
	humidity
	precipitation
	surfaceWater
	pollution
	urbanPop
	ruralPop
	popDens
	railway
	highway
	waterway
	sampleSize
	outbreaks
	cases

	Vaccination
	0.4
	0.6
	0.6
	-0.6
	0.0
	-0.1
	0.0
	-0.5
	0.4
	0.4
	-0.3
	0.5
	0.3
	0.4
	0.4
	-0.5
	-0.4
	-0.1

	poultrySales
	
	0.4
	0.5
	-0.2
	0.2
	-0.1
	0.0
	-0.3
	0.4
	0.2
	-0.2
	0.6
	0.5
	0.5
	0.4
	-0.2
	-0.2
	0.0

	outputEggs
	
	
	0.7
	-0.4
	-0.1
	-0.3
	-0.2
	-0.6
	0.6
	0.3
	-0.2
	0.6
	0.5
	0.6
	0.2
	-0.2
	-0.3
	-0.2

	poultryDensity
	
	
	
	-0.4
	0.1
	-0.1
	0.0
	-0.4
	0.5
	0.2
	-0.2
	0.8
	0.5
	0.7
	0.4
	-0.2
	-0.3
	0.0

	natureReserves
	
	
	
	
	-0.1
	0.0
	-0.1
	0.3
	-0.3
	-0.2
	0.1
	-0.4
	-0.4
	-0.4
	-0.4
	0.6
	0.3
	-0.1

	temp
	
	
	
	
	
	0.5
	0.6
	0.4
	-0.3
	0.2
	-0.3
	0.2
	-0.1
	0.2
	0.6
	0.2
	0.2
	0.4

	humidity
	
	
	
	
	
	
	0.7
	0.5
	-0.2
	0.0
	-0.1
	0.0
	-0.1
	-0.1
	0.4
	0.1
	0.4
	0.5

	precipitation
	
	
	
	
	
	
	
	0.4
	-0.3
	0.2
	-0.2
	0.1
	-0.3
	0.0
	0.4
	0.1
	0.3
	0.5

	surfaceWater
	
	
	
	
	
	
	
	
	-0.5
	-0.2
	0.1
	-0.3
	-0.3
	-0.2
	0.1
	0.3
	0.5
	0.5

	pollution
	
	
	
	
	
	
	
	
	
	0.1
	0.0
	0.4
	0.8
	0.5
	0.1
	-0.4
	0.0
	-0.2

	urbanPop
	
	
	
	
	
	
	
	
	
	
	-0.9
	0.3
	0.1
	0.2
	0.3
	-0.1
	-0.2
	-0.1

	ruralPop
	
	
	
	
	
	
	
	
	
	
	
	-0.3
	0.0
	-0.1
	-0.4
	0.0
	0.1
	0.0

	popDens
	
	
	
	
	
	
	
	
	
	
	
	
	0.4
	0.7
	0.5
	-0.2
	-0.3
	0.1

	railway
	
	
	
	
	
	
	
	
	
	
	
	
	
	0.6
	0.2
	-0.4
	-0.2
	0.0

	highway
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0.3
	-0.1
	-0.2
	0.1

	waterway
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	-0.1
	0.0
	0.4

	sampleSize
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0.1
	0.0

	outbreaks
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0.5




Table SF3 | Pearson correlation tests for potential predictors for H7N9. Cells are coloured based on a colour scale representing their R2 value. Cells that are highlighted green indicate minimal correlation (R2 between -0.5 to 0.5). Cells that are highlighted orange indicate correlation is present (R2 > 0.5 or R2 < -0.5).
	
	poultrySales
	outputEggs
	poultryDensity
	natureReserves
	temp
	humidity
	precipitation
	surfaceWater
	pollution
	urbanPop
	ruralPop
	popDens
	railway
	highway
	waterway
	sampleSize
	outbreaks
	cases

	Vaccination
	0.4
	0.3
	0.3
	-0.4
	-0.2
	-0.2
	0.0
	-0.5
	0.0
	0.4
	-0.4
	0.4
	0.0
	0.1
	0.2
	0.1
	0.1
	0.1

	poultrySales
	
	0.1
	0.3
	-0.2
	-0.1
	-0.1
	-0.1
	-0.3
	0.1
	0.3
	-0.3
	0.4
	0.3
	0.1
	0.2
	0.1
	-0.1
	0.1

	outputEggs
	
	
	0.4
	-0.1
	-0.4
	-0.4
	-0.4
	-0.5
	0.6
	-0.2
	0.2
	0.2
	0.6
	0.5
	-0.1
	-0.2
	-0.2
	-0.1

	poultryDensity
	
	
	
	-0.2
	-0.1
	-0.2
	-0.2
	-0.4
	0.5
	0.0
	0.0
	0.6
	0.4
	0.5
	0.2
	-0.1
	0.0
	0.0

	natureReserves
	
	
	
	
	-0.2
	-0.1
	-0.2
	0.0
	0.0
	-0.1
	0.1
	-0.2
	0.0
	-0.1
	-0.4
	-0.4
	-0.3
	-0.4

	temp
	
	
	
	
	
	0.8
	0.7
	0.5
	-0.3
	0.2
	-0.2
	0.0
	-0.2
	0.1
	0.4
	0.5
	0.6
	0.5

	humidity
	
	
	
	
	
	
	0.8
	0.6
	-0.2
	0.2
	-0.2
	0.0
	-0.1
	0.1
	0.3
	0.5
	0.4
	0.4

	precipitation
	
	
	
	
	
	
	
	0.4
	-0.4
	0.4
	-0.4
	0.1
	-0.4
	-0.1
	0.5
	0.5
	0.6
	0.5

	surfaceWater
	
	
	
	
	
	
	
	
	-0.2
	-0.1
	0.1
	-0.4
	-0.2
	0.1
	0.1
	0.3
	0.2
	0.2

	pollution
	
	
	
	
	
	
	
	
	
	-0.2
	0.2
	0.3
	0.6
	0.6
	-0.1
	0.0
	0.0
	0.0

	urbanPop
	
	
	
	
	
	
	
	
	
	
	-1.0
	0.4
	-0.3
	-0.2
	0.5
	0.3
	0.4
	0.4

	ruralPop
	
	
	
	
	
	
	
	
	
	
	
	-0.4
	0.3
	0.2
	-0.5
	-0.3
	-0.4
	-0.4

	popDens
	
	
	
	
	
	
	
	
	
	
	
	
	0.1
	0.3
	0.5
	0.2
	0.2
	0.3

	railway
	
	
	
	
	
	
	
	
	
	
	
	
	
	0.7
	-0.2
	-0.1
	-0.3
	-0.2

	highway
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0.0
	0.1
	0.0
	0.1

	waterway
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0.8
	0.6
	0.8

	sampleSize
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0.5
	0.8

	outbreaks
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0.7



Table SF4 | Predictor values used in the H5N1 generalised linear model
	location
	vaccination
	poultrySales
	natureReserves
	humidity
	pollution
	ruralPop
	sampleSize

	Anhui
	91.86
	19.87
	3.76
	73.08
	190.3
	53.5
	11

	Chongqing
	89.17
	8.63
	10.32
	71.75
	112.98
	43.02
	27

	Fujian
	92.02
	3.77
	3.11
	75.17
	109.11
	40.4
	11

	Guangdong
	87.05
	10.81
	6.73
	81.58
	243.09
	32.6
	21

	Guangxi
	80.65
	7.77
	5.98
	79.75
	130.21
	56.47
	20

	Guizhou
	87.84
	2.45
	5.41
	84.58
	189.91
	63.59
	9

	Hebei
	93.89
	3.86
	3.61
	54.67
	433.82
	53.2
	7

	Henan
	91.07
	5.87
	4.4
	53.17
	350.16
	57.57
	15

	Hubei
	91.69
	2.8
	5.14
	81.42
	161.21
	46.5
	16

	Hunan
	88.55
	2.1
	6.07
	76.42
	159.29
	53.35
	34

	Jiangsu
	95.85
	8.73
	4.1
	68.08
	291.48
	37
	7

	Qinghai
	79.49
	0.08
	30.21
	59
	43.64
	52.56
	32

	Shandong
	96.35
	37.72
	4.71
	55.17
	418.31
	47.57
	15

	Xinjiang
	85.23
	4.27
	12.95
	53.08
	231.17
	56.02
	14

	Yunnan
	84.08
	2.21
	7.45
	66.83
	160.71
	60.69
	26



[bookmark: _GoBack]Table SF5 | Predictor values used in the H7N9 generalised linear model
	location
	vaccination
	poultrySales
	natureReserves
	humidity
	pollution
	ruralPop
	sampleSize

	Anhui
	91.859
	19.871
	3.761
	73.081
	190.301
	53.501
	50.001

	Fujian
	92.02373
	3.771
	3.111
	75.171
	109.111
	40.401
	50.001

	Guangdong
	87.04736
	10.811
	6.731
	81.581
	243.091
	32.601
	50.001

	Guangxi
	80.64918
	7.771
	5.981
	79.751
	130.211
	56.471
	25.001

	Henan
	91.06918
	5.871
	4.401
	53.171
	350.161
	57.571
	10.001

	Hunan
	88.551
	2.101
	6.071
	76.421
	159.291
	53.351
	23.001

	Jiangsu
	95.84736
	8.731
	4.101
	68.081
	291.481
	37.001
	50.001

	Jilin
	91.71555
	10.701
	12.431
	63.001
	124.421
	46.301
	7.001

	Shandong
	96.35009
	37.721
	4.711
	55.171
	418.311
	47.571
	18.001

	Shanghai
	93.80211
	23.331
	5.221
	69.501
	71.691
	10.701
	24.001

	Xinjiang
	85.228
	4.271
	12.951
	53.081
	231.171
	56.021
	14.001

	Zhejiang
	91.97464
	12.351
	1.531
	70.751
	168.861
	36.801
	50.001
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