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Michigan’s Vernal Pools

• Vernal pools are small, seasonally inundated, hydrologically isolated, 
forested depressions found throughout the midwestern and northeastern 
United States.

• They provide critical amphibian and invertebrate breeding grounds, and 
habitat for a wide range of other flora and fauna.

• Vernal pools are underrepresented in wetland inventories because of their 
small size and typical location beneath forest canopies.

• Conservation of these important ecosystems requires a more complete 
understanding of their abundance and location.



Challenges of Vernal Pool Identification

• Field surveys are time consuming and costly, multiple visits are required to 
confirm a topographic depression’s status as a vernal pool.

• Some areas are difficult to reach or completely inaccessible.
• Typical methods of remote detection rely on visual interpretation of air 

photos, which can be difficult, especially when imagery from only one or 
two dates is available.

• Can we use other sensing technologies to help us identify vernal pools?



Vernal Pool Characteristics that can 
be Detected with Remote Sensing

• Vernal pools occur in small topographic depressions that lack a 
permanent connection to other bodies of water.

• Vernal pools typically fill with water from snow melt and precipitation 
in springtime, then dry out during the summer.

• These characteristics provide requisite conditions for vernal pool 
indicator species to reproduce, as the isolation and drying cycle means 
that the pools are usually fishless, which limits the threat of predation. 

Fairy ShrimpWood Frog Blue-Spotted Salamander



National Parks Vernal Pool Mapping

Project Goals
• Advance previous vernal pool 

mapping methods to reduce 
errors (omission & commission) 
using multi-source remote 
sensing for National Parks and 
Lakeshores in the Great Lakes.

• Conduct field surveys to verify 
vernal pool status and collect 
additional data.

• Use field data to develop a 
vernal pools classification 
system.



Remote Sensing Overview

Passive sensors sense radiation 
emitted or reflected by an object. The 
sun is the most common source of 
radiation for passive remote sensing. 
Infrared and visible images are 
examples of passive remote sensing.

Active sensors provide their own energy to 
illuminate the object or scene they 
observe. They send a pulse of energy from 
the sensor to the object and then receive 
the radiation that is reflected back. SAR 
and Lidar are examples of active remote 
sensing.



Remote Sensing Overview: Optical 
and CIR imagery

• High resolution optical and near 
infrared images are captured by 
sensors onboard airplanes.

• Vegetation foliage, water, soil, and 
manmade surface each reflect light 
differently, giving unique 
characteristics that result in different 
tones in air photos.

• Vegetation obscures the surface 
beneath, making it difficult to assess 
the presence of water.



Remote Sensing Overview: Lidar

• Lidar sensors emit pulses of light 
(typically in the near-infrared portion 
of the spectrum) which interact with 
objects directly below on the earth’s 
surface.

• The time it takes for the pulses to 
return to the sensor is recorded, along 
with the intensity of the returning 
pulse.

• Data is provided as a “point-cloud” 
where each point is attributed with a 
value representing elevation.



Remote Sensing Overview:  Lidar

• Point clouds can be 
classified into “first 
returns” which represent 
top-of-canopy elevation, 
and “last returns” which 
represent the ground.

• These are then 
converted to Digital 
Terrain Models and 
Digital Surface Models.



Remote Sensing Overview: SAR

• Radars are active sensors 
that transmit microwave 
radiation in pulses then 
record backscattered 
energy.

• SARs are side facing, so 
their energy interacts 
differently with the objects 
on the earth’s surface.

• Backscattered intensity is 
the most common metric 
used to assess the 
environment with SAR.



Remote Sensing Overview: SAR

• Different objects interact 
with microwave 
radiation in different 
ways.

• The way different land 
cover types scatter 
energy can provide 
information on whether 
or not the area being 
imaged is flooded, even 
in the presence of 
vegetation.



Remote Detection of Vernal Pools: 
Methods

Identify Isolated 
Depressions and 
determine size

Lidar SAR CIR

Assess intensity 
data to determine 
water presence in 

spring

Calculate backscatter 
difference between 
spring and summer 

scenes

Use NIR leaf-off 
imagery to 

determine water 
presence in spring

Determine canopy 
height and 

percent cover

Determine 
percent 

coniferous and 
deciduous

Step 1 Step 2

Classify isolated 
depressions as PVP 

or non-PVP with data 
from Step 2

Step 3 Step 4



Step 1: Isolated Depressions

• LiDAR sensors send 
pulses toward the 
ground. The time it takes 
for the pulse to bounce 
off of the ground and 
return to he sensor is 
used to measure 
elevation 



• A contour tree 
approach (Wu et al. 
2015) is used to 
identify depressions 
which, based on their 
morphology, have no 
outflow 

• The algorithm uses 
contours within each 
identified depression 
to find “nested” 
depressions, i.e. 
depressions within 
larger basins 

Step 1: Isolated Depressions



• The innermost 
depressions 
(classified as “level 1”) 
are selected for further 
analysis

• Using this approach 
allows us to assess 
the area of the small, 
isolated depressions, 
and eliminate any that 
don’t fit our size 
criteria (>1ha)

Step 1: Isolated Depressions



Step 2: Lidar hydroperiod 
assessment

• In addition to measuring 
elevation, LiDARs can 
measure the strength of 
the signal that returns to 
the sensor

• Most LiDARs emit near-
infrared laser pulses 

• Since near-IR light is 
mostly absorbed by 
water, the intensity 
signal from flooded 
areas is typically very 
low

• We use this signal to 
infer inundation in vernal 
pools 



Max Backscatter 
from Spring 
Images

Max Backscatter 
from Summer 
Images

• Flooded forests will 
appear bright in the 
imagery due to a 
characteristic “double 
bounce,” while open 
water appears black 
and non-flooded areas 
appear shades of grey

• The difference 
between spring and 
summer backscatter 
can be exploited to 
give information on if 
and when vernal pools 
dry out.

Step 2: SAR hydroperiod assessment



April 20, 2008 August 14, 2015

Step 2: SAR hydroperiod assessment



• Similar to the near 
infrared LiDAR pulses, 
water absorbs much 
of the near infrared 
light emitted by the 
sun

• When CIR imagery is 
collected we can use it 
to determine where 
water is present by 
finding areas of low 
NIR reflectance 

Step 2: CIR photography hydroperiod 
assessment



• For each polygon representing 
an isolated depression, metrics 
are calculated from the SAR 
data, LiDAR data, and CIR 
data 

• For each sensor in which the 
depression exhibits water 
presence, it is attributed with a 
1

• The values are summed 
across the sensors to 
determine the number of times 
the data showed water 
presence

• Depressions with values 1-3 
are classified as potential 
vernal pools

• The example at right has a 
value of 3, indicating it is likely 
to be a vernal pool 

Step 3: PVP Classification



Step 4: Additional PVP 
Characteristics

• Lidar derived vegetation heightcan
be used to determine estimates of 
canopy closure

• NDVI calculated from leaf-off color 
infrared aerial photography used to 
differentiate deciduous from 
coniferous dominance

• This ancillary information from the 
LiDAR and CIR data is assigned to 
each polygon representing a 
potential vernal pool

• It’s size and volume (calculated with 
LiDAR data) is also included in the 
attribute table 

90% Canopy Closure

26% Conifer



Field Sampling



Field Sampling Protocol

Applied MVPP sampling protocol with additional 
sampling of soils and floristic species.
Spring sampling included:
• water depth, pH, pool size, cover, surrounding 

vegetation, soil organic depth, mineral depth, 
soil samples

• Indicator species (wood frogs, fairy shrimp, 
spotted salamanders, fingernail clams) and 
predators (fish, bullfrogs)

Summer sampling included:
• Revisit pools labeled as “potential vernal 

pools” from spring measurements (were 
isolated, fishless, indicator species present)

• water conditions (depth, size of pool if not 
dry), vegetation in and around pools, etc.





Pictured Rocks Example



Pictured Rocks



Sleeping Bear



Accuracy tables for completed parks

Yes No

Yes 30 10

No 1 8
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Yes 32 7

No 5 5
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Verified pool water presence

1 2 3 Total

Apostle Islands 16 8 5 34
Pictured Rocks 10 18 4 32

# Times Water Presence Identified w/ RS

Pictured Rocks 10 18 4 32
Sleeping Bear 1 23 6 30
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Interannual Variation in Vernal Pools
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• Multi-source, multi-date remote sensing data is a valuable tool for 
identifying vernal pools and monitoring inundation in the Great Lakes 
(~75% overall accuracy) and mapping pool characteristics (cover type 
and canopy closure).  Commission error was greater than omission 
error.

• More looks at the pools through time would allow us to improve 
detection of inundation– current data are limited and not consistently 
collected.

• NASA-ISRO’s new L-band SAR, NISAR, is launching in January 2024 
and will be unprecedented in the frequency of data collection at high 
resolution (every 12 days, 10 m resolution)- this exciting dataset will 
allow us to monitor inundation and hydroperiod of the pools.

• Field monitoring with cameras would allow for validation of remote 
sensing hydroperiod, wildlife use, phenology, etc.

• Isle Royale (under this project) and Hiawatha National Forest (new 
funding) will be completed in the coming months.

Summary and Next Steps



Thank you - Questions?

lchavez@mtu.edu
mjbattag@mtu.edu


