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Figure 3. Map shows optimal PALSAR footprints for 10 m Fine Beam Single data from Spring as “blue”
for summer as “purple” and the yellow shows the overlap.

The climatic conditions of the study areas are continental but vary in growing season length,
temperature and precipitation. The SLP study area has a growing season of 140 to 150 days, annual
average snowfall of 100–127 cm, total precipitation of 76 to 81 cm and a minimum temperature of
� 31 � C [27]. The NLP has a shorter growing season (70–130 days) and colder minimum temperatures
(� 37 � C to � 45 � C) with more snow (127–355 cm) but similar total precipitation (71 to 81 cm). The
WUP is the most extreme of the study areas with heavy snow (101 to 355 cm) and extremely cold
winters. Growing season is merely 87 days with an average minimum temperature of � 45 � C [27].

The vegetation also varies among the study areas, with the dominant natural community around
sampled vernal pools (i.e., within 30 m) of the SLP characterized as dry-mesic southern forest [28].
The vegetation canopy layer of the dry-mesic southern forest is generally dominated by white oak
(Quercus alba) and/or black oak (Q. velutina). For the NLP, the dominant types were mesic northern
forest and dry-mesic northern forest [28]. Mesic northern forests are characterized by the dominance of
northern hardwoods, particularly sugar maple (Acer saccharum) and American beech (Fagus grandifolia).
Conifers such as hemlock (Tsuga canadensis) and white pine (Pinus strobus) are frequently important
canopy associates. Dry-mesic northern forests are pine or pine-hardwood forests dominated by white
pine, red pine (Pinus resinosa) and hemlock. Hardwood associates include white oak, black oak, red
oak (Q. rubra), red maple (A. rubrum), paper birch (Betula papyrifera), aspen (Populus tremuloides
and P. grandidentata), and balsam poplar (P. balsamifera). For the WUP, the sampled pools were
surrounded by mesic northern forest, with coniferous species, such as hemlock, white pine, and
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northern white-cedar (Thuja occidentalis) dominant in the canopy and hardwood associates, however
beech was absent.

2.2. Field Sampling Methods

Sampling Design and Surveying Methods

Field sampling was conducted in all three study areas (Figure 2) in 2012 and 2013 to identify
presence of vernal pools on the ground, verify and map locations. Field sampling was conducted
during two different time periods; early season sampling from 4 May to 14 June 2012 to identify PVPs
when they are typically filled with water and late season sampling from 14 August to 2 November
2012 to revisit identified PVPs to confirm draw down and to sample additional PVPs. A stratified
random sampling design was used for the field surveys. A sampling grid of 1-ha (2.5 ac) test cells
was overlaid on each study area (Figure 2) and the cells were randomly numbered. The first 150 of
these randomly ordered cells were selected for field sampling in the early season of 2012. Since only a
small number of these 150 test cells contained PVPs from aerial photograph interpretation, we selected
an additional 40 test cells from each area that contained at least one aerial photograph interpreted
PVP and randomly ordered these for sampling in the late season (2012). These were added to better
estimate commission error.

The entire area within sampled test cells was surveyed. Two observers would systematically
walk a series of transects or passes through each 1-ha test cell selected for sampling to identify and
locate vernal pools within the test cell. Observers divided up the test cell into halves or thirds, and
walked parallel to each other through the test cell from end to end, making one or two passes through
depending on visibility (e.g., vegetation type and density, slope, etc.) to detect vernal pools within the
test cell.

A total of 402 test cells were sampled across all three study areas; including 125 in the SLP, 168
in the NLP, and 109 in the WUP study area. Within the test cells, 38 PVPs were mapped in the NLP
study area, 37 in the SLP study area, and 30 in the WUP. In 2013, PVPs that had been field-mapped
in the test cell were surveyed to confirm their status (i.e., CVP), and additional new or previously
unmapped PVPs were identified and located within the sample test cells as well. All vernal pools are
not wet every spring and the timing of inundation may vary from year to year or between pools, thus
repeating the surveys in subsequent years is useful and necessary.

To provide additional data to evaluate the suitability of using L-band and C-band SAR data to
detect and map PVPs, additional field surveys were conducted in 2013 and 2014 in the SLP and WUP
study areas. These surveys focused on visiting and verifying individual PVPs that had been identified
as PVPs from ground surveys described above and/or aerial photograph interpretation. A total of
30 PVPs in the SLP study area and 35 PVPs in the WUP study areas were surveyed in 2013–2014. Field
sampling in 2013 and 2014 followed the vernal pool survey and monitoring protocol developed for
the Michigan Volunteer Vernal Pool Mapping and Monitoring Program [29]. The protocol consists of
conducting three visits a year to view the different stages of the vernal pool (early spring, mid-spring,
and late summer/early fall). Information on the physical and ecological characteristics of the pools was
collected during these surveys. The pool size, cover type, substrate type, water level, vegetation/cover
in pool, the surrounding habitat and any disturbances were all recorded each visit. Indicator species
and other animal species were identified and counted. A diagram of the pool was drawn along with a
GPS center point and GPS tagged photos were taken in the four cardinal directions.

2.3. Remote Sensing Datasets

ALOS PALSAR L-band HH polarization, Radarsat-2 C-band HH polarization and an airborne
LiDAR dataset were evaluated for vernal pool detection. In addition, USGS 10 m resolution digital
elevation models (DEM) were used as an ancillary dataset. The imagery available for evaluation varied
by site (Table 1).


