
Spatio-temporal Dynamics of Beaver Ponds Across the Hudson Bay Lowlands Mapped by Satellite (Fraser et al.)
Additional Quality Assurance Step (not included in paper)

• Created a random decimal Field in ArcGIS then selected the smallest 100 
values to generate a random sample from the > 90,000 beaver pond complexes 
that were mapped across the study region

• Examined Maxar high-resolution satellite images in ESRI Wayback for 
supporting evidence of dam structures

• Also compared annual Landsat sub-pixel surface water area estimates with 
changes visible in annual 1 km Landsat image chips (Earth Engine Landsat Time 
Series Explorer App by Justin Braaten) 

Results

• 89/100 beaver pond complexes were high confidence, 7/100 pond complexes 
were ambiguous and low to medium confidence, and 4/100 pond complexes 
had no evidence of beaver engineering. This is consistent with the 0.92 
precision reported in our paper for the 100 independent validation blocks. 

• The estimated annual changes in beaver pond surface water area 
corresponded to changes visible in annual Landsat image chips and effectively 
captured long-term, flooding-drainage cycles (but need to consider that surface 
water estimates are based on three-year median summer reflectance, which 
can smooth single-year anomalies).

Random sample of 100 mapped beaver pond complexes



FID 0

High-res validation

Annual area (ha) Annual summer Landsat image chips
1984
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Two short periods of flooding

Landsat footprint of 
mapped long-term 
beaver complex



FID 1

High-res validation
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Annual summer Landsat image chips

1984

2025

Area of broadleaf fire regeneration



FID 2

High-res validation

Annual area (ha) Annual summer Landsat image chips
1984

2025



FID 3

High-res validation

Annual area (ha) Annual summer Landsat image chips
1984

2025

Flooding starting in 2005 after 1991 fire



FID 4

High-res validation

Annual area (ha) Annual summer Landsat image chips
1984

2025

One period of ponding



FID 5

High-res validation

Annual area (ha) Annual summer Landsat image chips
1984

2025

One short period of ponding



FID 6

High-res validation

Annual area (ha) Annual summer Landsat image chips
1984

2025

Period of early ponding



FID 7

High-res validation

Annual area (ha) Annual summer Landsat image chips

Dammed lake 
(smaller variability)

1984

2025



FID 8

High-res validation

Annual area (ha) Annual summer Landsat image chips

Dammed lake 
(smaller variability)

1984

2025



FID 9

High-res validation

Annual area (ha) Annual summer Landsat image chips

Dammed lake 
(smaller variability)

1984

2025



FID 10

High-res validation

Annual area (ha) Annual summer Landsat image chips
1984

2025



FID 11

High-res validation

Annual area (ha) Annual summer Landsat image chips
1984

2025



FID 12

High-res validation

Annual area (ha) Annual summer Landsat image chips
1984

2025

One period of ponding



FID 13

High-res validation

Annual area (ha) Annual summer Landsat image chips
1984

2025



FID 14

High-res validation

Annual area (ha) Annual summer Landsat image chips
1984

2025

One period of ponding ~ 17 
years after adjacent 1999 
wildfire



FID 15

High-res validation

Annual area (ha) Annual summer Landsat image chips
1984

2025

Dammed lake 
(smaller variability)



FID 16

High-res validation

Annual area (ha) Annual summer Landsat image chips
1984

2025

Two short periods of 
ponding



FID 17

High-res validation

Annual area (ha) Annual summer Landsat image chips
1984

2025

Ponding visible only 
from 1987-1989



FID 18

High-res validation

Annual area (ha) Annual summer Landsat image chips
1984

2025



FID 19

High-res validation

Annual area (ha) Annual summer Landsat image chips
1984

2025



FID 20

High-res validation

Annual area (ha) Annual summer Landsat image chips
1984

2025



FID 21

High-res validation

Annual area (ha) Annual summer Landsat image chips
1984

2025

Ambiguous – signs of 
remnant dam(s) but not 
clear if ponded since 1985



FID 22

High-res validation

Annual area (ha) Annual summer Landsat image chips
1984

2025

Ambiguous – signs 
of remnant dam(s) 
but not clear if 
flooded since 1985

One period of ponding



FID 23

High-res validation

Annual area (ha) Annual summer Landsat image chips
1984

2025

Ambiguous – signs 
of remnant dam(s) 
but not clear if 
flooded since 1985

Ambiguous – some 
signs of remnant 
dam(s) and was 
flooded 1997-2001



FID 24

High-res validation

Annual area (ha) Annual summer Landsat image chips
1984

2025

Ambiguous – signs 
of remnant dam(s) 
but not clear if 
flooded since 1985

Six Landsat pixels – approaching 
the limit of reliable detectability



FID 25

High-res validation

Annual area (ha) Annual summer Landsat image chips
1984

2025

Ambiguous – signs 
of remnant dam(s) 
but not clear if 
flooded since 1985



FID 26

High-res validation

Annual area (ha) Annual summer Landsat image chips
1984

2025

Ambiguous – signs 
of remnant dam(s) 
but not clear if 
flooded since 1985



FID 27

High-res validation

Annual area (ha) Annual summer Landsat image chips
1984

2025

Ambiguous – signs 
of remnant dam(s) 
but not clear if 
flooded since 1985

Ponding 12 years after 1993 fire



FID 28

High-res validation

Annual area (ha) Annual summer Landsat image chips
1984

2025

Ambiguous – signs 
of remnant dam(s) 
but not clear if 
flooded since 1985

Sampled 
pond



FID 29

High-res validation

Annual area (ha) Annual summer Landsat image chips
1984

2025

Ambiguous – signs 
of remnant dam(s) 
but not clear if 
flooded since 1985

Some “bleeding” of 
water object into 
dense conifer forest

Ponding only from 
2009-2014



FID 30

High-res validation

Annual area (ha) Annual summer Landsat image chips
1984

2025



FID 31

High-res validation

Annual area (ha) Annual summer Landsat image chips
1984

2025



FID 32

High-res validation

Annual area (ha)

Some 
“bleeding” of 
water object 
into dense 
conifer forest

Annual summer Landsat image chips

1984

2021



FID 33

High-res validation

Annual area (ha)

Ambiguous – sign of dam but not 
clear if area is mainly result of 
beaver engineering

Annual summer Landsat image chips
1984

2022

Pond drained after 2013 fire



FID 34

High-res validation

Annual area (ha)

Remnant 
dams

Annual summer Landsat image chips
1984

2021



FID 35

High-res validation

Annual area (ha)

Remnant 
dams

No clear evidence 
of remnant dams

Annual summer Landsat image chips
1985

2025



FID 36

High-res validation

Annual area (ha) Annual summer Landsat image chips
1985

2020



FID 37

High-res validation

Annual area (ha) Annual summer Landsat image chips
1984

2022



FID 38

High-res validation

Annual area (ha) Annual summer Landsat image chips
1984

2020

No clear evidence 
of remnant dams



FID 39

High-res validation

Annual area (ha) Annual summer Landsat image chips
1984

2021



FID 40

High-res validation

Annual area (ha) Annual summer Landsat image chips
1984

2019

One early period 
of ponding



FID 41

High-res validation

Annual area (ha) Annual summer Landsat image chips
1984

2024



FID 42

High-res validation

Annual area (ha)

Early and late 
ponding

Annual summer Landsat image chips
1984

2021



FID 43

High-res validation

Annual area (ha)

Only small dam 
remnants remain 
after early flooding

Annual summer Landsat image chips
1984

2022

Early and late 
ponding



FID 44

High-res validation

Annual area (ha) Annual summer Landsat image chips
1984

2024



FID 45

High-res validation

Annual area (ha) Annual summer Landsat image chips
1984

2025



FID 46

High-res validation

Annual area (ha) Annual summer Landsat image chips

1984

2023

Late ponding
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High-res validation

Annual area (ha) Annual summer Landsat image chips
1984

2020



FID 48

High-res validation

Annual area (ha)

Some 
“bleeding” 
into dense 
conifer forest

Annual summer Landsat image chips

1984

2019



FID 49

High-res validation

Annual area (ha) Annual summer Landsat image chips
1984

2020

Only one short period of 
ponding around 2010



FID 50

High-res validation

Annual area (ha) Annual summer Landsat image chips

1984

2022



FID 51

High-res validation

Annual area (ha)

Ambiguous – remnant 
dam but potentially 
flooded only pre-1985?

Annual summer Landsat image chips
1984

2025



FID 52

High-res validation

Annual area (ha)

Used 2001 logging road 
to help form dam – 
ponding starts in 2012

Annual summer Landsat image chips
1984

2022



FID 53

High-res validation

Annual area (ha)

Only one short period of 
ponding 2011-2012

Annual summer Landsat image chips

1985

2022



FID 54

High-res validation

Annual area (ha)

One period of flooding 2009-2014

Annual summer Landsat image chips

1984

2022



FID 55

High-res validation

Annual area (ha)

One period of flooding 2009-2014One period of flooding 
2016-2019 after 1997 fire

Annual summer Landsat image chips

1984

2021
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High-res validation

Annual area (ha) Annual summer Landsat image chips
1984

2025



FID 57

High-res validation

Annual area (ha) Annual summer Landsat image chips

1985

2021

One period of flooding 1991-2017 
after forest harvesting



FID 58

High-res validation

Annual area (ha) Annual summer Landsat image chips

1984

2020

Two periods of flooding
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High-res validation

Annual area (ha) Annual summer Landsat image chips

1984

2022



FID 60

High-res validation

Annual area (ha) Annual summer Landsat image chips

1984

2023



FID 61

High-res validation

Annual area (ha)

Ambiguous – some signs of remnant 
dams and ponding from 1998-2001

Annual summer Landsat image chips

1985

2022



FID 62

High-res validation

Annual area (ha)

270 m dam

Annual summer Landsat image chips

1984

2021



FID 63

High-res validation

Annual area (ha) Annual summer Landsat image chips
1984

2021

Two cycles of ponding and draining



FID 64

High-res validation

Annual area (ha) Annual summer Landsat image chips
1984

2025

Two cycles of ponding and ~ 75% draining



FID 65

High-res validation

Annual area (ha) Annual summer Landsat image chips

1984

2021



FID 66

High-res validation

Annual area (ha) Annual summer Landsat image chips

1984

2023



FID 67

High-res validation

Annual area (ha) Annual summer Landsat image chips

1985

2024



FID 68

High-res validation

Annual area (ha)

Ponding beginning in 1999 
after fire disturbance

Annual summer Landsat image chips

1985

2024



FID 69

High-res validation

Annual area (ha) Annual summer Landsat image chips
1984

2023

One period of ponding (2000-2004)



FID 70

High-res validation

Annual area (ha)

Ambiguous – some 
signs of remnant dams

Annual summer Landsat image chips
1984

2024



FID 71

High-res validation

Annual area (ha) Annual summer Landsat image chips

1984

2021



FID 72

High-res validation

Annual area (ha) Annual summer Landsat image chips

1985

2022



FID 73

High-res validation

Annual area (ha) Annual summer Landsat image chips

1984

2023



FID 74

High-res validation

Annual area (ha) Annual summer Landsat image chips

1984

2024



FID 75

High-res validation

Annual area (ha) Annual summer Landsat image chips

1984

2022



FID 76

High-res validation

Annual area (ha) Annual summer Landsat image chips

1984

2022

Two cycles of ponding 
and draining



FID 77

High-res validation

Annual area (ha)

No clear evidence of 
ponding or remnant dams

Annual summer Landsat image chips
1984

2026



FID 78

High-res validation

Annual area (ha)

No clear evidence 
of remnant dams

Annual summer Landsat image chips

1984

2022

One period of flooding 



FID 79

High-res validation

Annual area (ha) Annual summer Landsat image chips

1984

2022

One pixel width – near detection limit



FID 80

High-res validation

Annual area (ha) Annual summer Landsat image chips

1984

2021

One period of flooding



FID 81

High-res validation

Annual area (ha) Annual summer Landsat image chips

1985

2020

Two periods of flooding



FID 82

High-res validation

Annual area (ha) Annual summer Landsat image chips

1985

2024

Two periods of flooding



FID 83

High-res validation

Annual area (ha) Annual summer Landsat image chips

1984

2022



FID 84

High-res validation

Annual area (ha) Annual summer Landsat image chips

1985

2021

Drained from
1988-2001



FID 85

High-res validation

Annual area (ha) Annual summer Landsat image chips

1984

2021

Near Landsat detection limit



FID 86

High-res validation

Annual area (ha)

Possibly beaver engineered with 
early flooding, but no clear 
evidence of remnant dams

Annual summer Landsat image chips

1984

2020



FID 87

High-res validation

Annual area (ha)

Some 
“bleeding” of 
water body 
into dense 
conifer forest

Annual summer Landsat image chips

1985

2019

Early and late periods of ponding



FID 88

High-res validation

Annual area (ha) Annual summer Landsat image chips

1984

2023

Near Landsat 
detection limit



FID 89

High-res validation

Annual area (ha)

Ambiguous – some signs of 
remnant dam but could be a 
pre-1985 remnant pond

Annual summer Landsat image chips

1985

2023



FID 90

High-res validation

Annual area (ha) Annual summer Landsat image chips

1984

2021

Visual contrast poor with 
surrounding dark conifer trees



FID 91

High-res validation

Annual area (ha)

Some “bleeding” of water 
body into dense conifer forest

Annual summer Landsat image chips
1984

2025

One period of ponding (1995-2000)



FID 92

High-res validation

Annual area (ha) Annual summer Landsat image chips

1984

2020



FID 93

High-res validation

Annual area (ha) Annual summer Landsat image chips

1984

2021



FID 94

High-res validation

Annual area (ha) Annual summer Landsat image chips

1986

2021

Two periods of ponding



FID 95

High-res validation

Annual area (ha) Annual summer Landsat image chips

1984

2021

Two cycles of ponding 
and drainage



FID 96

High-res validation

Annual area (ha) Annual summer Landsat image chips
1986

2024

Gradual increase in 
ponded area



FID 97

High-res validation

Annual area (ha) Annual summer Landsat image chips

1984

2020

Three periods of ponding



FID 98

High-res validation

Annual area (ha) Annual summer Landsat image chips

1985

2025

One early period of ponding



FID 99

High-res validation

Annual area (ha) Annual summer Landsat image chips

1984

2021
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