
Introduction
 In the field, such as in wetlands, accurate underwater light mea-
surements are a critical component of environmental analysis and in 
modeling aquatic ecosystem productivity. In these habitats, sensors, 
designed to go underwater, measure photosynthetically active radia-
tion, or PAR, at wavelengths from 400 to 700 nm. PAR is equivalent 
to the rate of electromagnetic radiation received on a surface, which  
corresponds to the light energy absorbed by photosensitive pigments  
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found in plants [1]. PAR data is useful in monitoring plant productiv-
ity, as light is the energy source for photosynthesis, and it contributes 
to our understanding of aquatic environmental health.

 There is a wide array of PAR sensors on the market, generally 
planar or scalar types. Planar sensors, also known as regular quan-
tum sensors, receive and measure light on a horizontal surface as it 
comes in from the hemisphere or dome extending upward from the 
plane, whereas scalar sensors, or spherical quantum sensors, measure 
incoming light from almost all directions except for the region where 
the stem of the sensor is positioned [2]. HOBO sensors are of the 
planar type and, it should be noted, are more affordable, durable, and 
easy to use in the field than scalar-type sensors. However, HOBO pla-
nar sensors require calibration and have limited factory specifications 
[3]. LI-COR scalar sensors are generally more expensive, delicate, 
and complicated, in regard to field deployment, than HOBO sensors. 
LI-COR sensors are, however, assumed to be the more accurate light 
sensor due to its extensive factory calibration [3].

 Depending on the purpose of a study, choosing the correct sensor 
can be a challenge. Not only must one choose the type of sensor to 
use, or incorporate both types, but there are cost considerations, ease 
of use factors, and concerns regarding output and/or software com-
patibility for the communication of results. Additionally, light sensor 
design differs from one manufacturer to the next, and intercalibration 
between sensors can be complicated due to the different light-captur-
ing properties of the sensors [3]. Finally, underwater environmental 
factors such as light scatter and depth attenuation, turbidity and nu-
trient load, and bottom substrate all compound challenges of accurate 
light measurement.

 Several studies were identified that compared different light sen-
sor types [3-10]. The study by Long et al. [3], specifically included 
a comparative analysis of planar HOBO and scalar LI-COR sensors, 
and they provided detailed methods regarding the calibration used to 
enable replicability. Their methods involved conducting sensor anal-
ysis under controlled laboratory conditions in a growth chamber as 
well as at three marine field sites including a sand flat in outer West 
Falmouth Harbor, Massachusetts and a reef and a sea grass bed near 
Key Largo, Florida. Boese et al., [4] and Glud et al. [6], conducted 
work also in a marine environment, whereas Fanta et al. [5], complet-
ed their work in a freshwater stream. However, at present no other 
studies could be found that examined these light sensor types in the 
field, tested under freshwater aquatic conditions in a wetland.

 The research objective of our study was to explore the compara-
bility of HOBO and LI- COR light sensors in a freshwater wetland to 
determine if the HOBO sensors could be successfully used in place 
of more expensive and complicated spherical quantum sensor type 
with minimal margin of error for PAR measurements. Additionally, 
studies frequently utilize a sampling protocol with ≤1 min intervals 
set to integrate over ≥15 min to provide an average [1,3]. We analyzed 
for the appropriate minimum data interval sampling length that still 
maintained strong correlation.
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Abstract

 The aim of this study was to explore the comparability of HOBO 
and LI-COR light sensors in a freshwater wetland to determine if 
the HOBO sensors could be successfully used in place of the more 
expensive and complicated spherical quantum sensor type with min-
imal margin of error for PAR measurements. Additionally, this study 
analyzed for the appropriate minimum data interval sampling length 
that still maintained a strong correlation between these sensor types. 
For this comparative experiment, light trees made of PVC pipes held 
both HOBO and LI-COR sensors in a shallow water wetland pond at 
different depths and just above the water’s surface. The sensors col-
lected data for four days with a sampling rate of one measurement 
every minute and processed with 15 min averages. HOBO sensor 
data from each branch (top, middle, bottom) correlated significantly 
with its associated LI-COR sensor branch as follows: top branch (R2 
= 0.94; P < .001); middle branch (R2 = 0.95; P < .001); bottom branch 
(R2 = 0.95; P < .001). It was observed that using a shorter 5 min 
averaging times resulted in the R2 correlation remaining significant.
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Methods
Site characterization

 Both HOBO (model: ua-002-08) and LI-COR (2pi model: LI-
0190R; 4pi model LI-193SA) light sensors were placed into a shal-
low, freshwater retention pond/wetland located at the South Florida 
Water Management District (SFWMD), Field of Operations Center 
(FOC) in West Palm Beach, Florida from 2/18/2020 to 2/21/2020. The 
shallow wetland pond was 89 m in length and 40 m at its widest, and 
the depth where the sensors were placed was 67 cm. Mixed aquatic 
vegetation was sparse, except for groups of lily pads and Eleocharis 
sp. Weather conditions during deployment, and for the data collection 
period, were sunny with limited cloud coverage.

Sensor deployment

 For this comparative experiment, our team developed three light 
trees using rebar and PVC pipes to hold both HOBO and LI-COR 
sensors in the shallow water retention pond. A total of eleven planar 
HOBO sensors (loggers labeled A-L), one 4pi LI-COR sensor, and 
two 2pi LI-COR sensors were deployed at the northern edge of the 
pond. Multiple HOBO sensors were placed on branches to reduce 
variability in the measurements and to provide a check for sensor 
fouling. A similar set up to the Long et al. [3], study included having 
sensors at a set distance above the sediment and also in the mid-wa-
ter column; however, at our site there were no varying water depths 
to contend with as there were no tidal fluctuations in the freshwater 
pond (2012). Our study also included both in-water and in-air sensors 
to continue to grow the range of site comparisons for different sensor 
types across variable habitat settings. PVC pipes were painted black 
to ensure light would not reflect from the structure itself. Horizontal 
branches held the sensors according to the following set-up (Figure 
1):

1. Tree 1 had a single branch set at 55 cm above the sediment, and 
the top of HOBO sensors “J” and “L” were 12 cm from the water’s 
surface.

2. Tree 2 had three branches with the lowest branch placed 22 cm 
above the sediment that hosted a LI-COR 2pi sensor 45 cm from 
the water’s surface, the middle branch was set such that a LI-COR 
4pi sensor was 12 cm below the water’s surface, and the topmost 
branch held a LI-COR 2pi sensor 10 cm above the water’s surface.

3. Tree 3 had three branches with the lowest branch placed 22 cm 
above the sediment that hosted HOBO sensors “A,” “B,” and “C” 
at a level 45 cm from the water’s surface, the middle branch, set 33 
cm higher, hosted HOBO sensors “D,” “E,” and “F” at 12 cm be-
low the water’s surface, and the topmost branch with HOBO sen-
sors “G,” “H,” and “I” were held 10 cm above the water’s surface.

 We drilled holes into the horizontal PVC branches and attached 
the sensors using zip ties. The light trees were placed on and zip tied 
to three rebar poles that were previously hammered into the pond 
sediment. For those trees with multiple branches, the sensors were 
placed facing directly up and spread out sufficiently so as to prevent 
shading from other sensors and the supporting vertical PVC pipe. The 
LI-COR (LI-1400) data logger was put into a water-resistant Pelican 
case that was then placed in the middle of a rebar-tripod on shore to 
prevent movement or water intrusion.

Data collection

 The sensors collected data for four days. While deployed, the 
LI-COR (LI-1400) used a sampling rate of one measurement every 
minute and processed 15 min averages. HOBO loggers also captured 
data every minute, but the 15 min averages were calculated during 
post-processing using HOBO software.

Statistical analysis

 Excel box plots were used to compare data between HOBO sen-
sors, organized by depth, to determine fouling or inaccuracy of any 
one of the sensors. Excel and R Studio were used in creating the re-
gression analysis model comparing the HOBO and LI-COR data, and 
R Studio was used for R2 analysis of different length of average time 
intervals for data collection.

Results
 A pilot study revealed inter-sensor variability within HOBO sen-
sors held at similar elevations/depths, as a result of sensor placement/
leveling. Variability within HOBO sensors was considerable during 
the pilot study when any of the sensors were slanted and/or not level; 
however, for the present study, when the sensors were placed flat, 
variability lowered substantially. For example, the inter-sensor vari-
ability of the HOBOs during the single-day pilot study for the top sen-
sor ranged from 11,878.4 to .1 lum/ft² with an average difference of 
2518.2 lum/ft² (SD = 2644.4), the middle sensor ranged from 4563.2 
to .1 lum/ft² with an average difference of 560.9 lum/ft² (SD = 90.9) 
and the bottom sensor ranged from 2787.2 to .1 lum/ft² with an aver-
age difference of 271.3 lum/ft² (SD = 70.5) (Figure 2). The inter-sen-
sor variability of the HOBOs during the final study for the top sensor 
ranged from 2252.8 to .3 lum/ft² with an average difference of 480.7 
lum/ft² (SD = 535.8), the middle sensor ranged from 2874.6 to .1 lum/
ft² with an average difference of 331.9 lum/ft² (SD = 104.2), and the 
bottom sensor ranged from 1254.4 to .2 lum/ft² with an average dif-
ference of 150.7 lum/ft² (SD = 76.9) (Figure 3). The results of the 
inter-sensor variability analysis for HOBO sensors A-L, showed that 
proper placement of the sensors on the light trees results in minimal 
variability and high consistency of data throughout the day.

 HOBO light sensor data was correlated with PAR data from the LI-
COR sensors. Each HOBO branch (top, middle, bottom) correlated 

Figure 1: Schematic showing light-tree structure and sensor placement. All HOBO 
sensors were given an alphabetical label.
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significantly with its associated LI-COR branch as follows: top branch 
(R2 = 0.94; P < .001; figure 4); middle branch (R2 = 0.95; P < .001; 
figure 5); bottom branch (R2 = 0.97; P < .001; figure 6). The R-square 
and P-value reveal a direct correlation with statistical significance be-
tween HOBO and LI-COR light data in freshwater wetland conditions 
and aerial conditions just above the water’s surface.

 Both the HOBO and LI-COR sensors were set to collect data ev-
ery minute. This data was then automatically (LI-COR) or manually 
(HOBO) averaged over 15 min periods. It was observed that if using 
a shorter, 5 minutes averaging time that the R2 correlation remained 
significant (Figure 7). Lower correlation values are observed prior to 
a 5 min mean time interval; however, the curve flattened after the 5 
min mean time interval.

Discussion
 The results indicate a significant correlation between HOBO 
and LI-COR light sensors at the altitude/depths measured and un-
der the conditions at the wetland site. These findings concur with 
those of Long et al. [3]. Additionally, we agree that HOBO sensors, 
with their simplicity, versatility, and cost savings, could be advised 
for use under similar environmental conditions in place of more 

Figure 2: Pilot study results of HOBO sensors “A-H,” “J,” and “L” and their in-
ter-sensor variability for a single day. Results grouped by sensor depth/altitude with 
“Top” indicating 10 cm above the water’s surface, “Middle” indicating 12 cm below 
the water’s surface, and “Bottom” indicating 45 cm below the water’s surface.

Figure 4: HOBO versus LI-COR sensor readings from the top branch of the light tree 
correlated significantly (R2 = 0.94; P < .001) during the data collection period from 
2/18/2020 to 2/21/20.

Figure 5: HOBO versus LI-COR sensor readings from the middle branch of the light 
tree correlated significantly (R2 = 0.95; P < .001) during the data collection period 
from 2/18/2020 to 2/21/20.

Figure 6: HOBO versus LI-COR sensor readings from the middle branch of the light 
tree correlated significantly (R2 = 0.97; P < .001) during the data collection period 
from 2/18/2020 to 2/21/20.

Figure 3: Final study results of HOBO sensors “A-H,” “J,” and “L” and their in-
ter-sensor variability for a single day. Results of light intensity over time were 
grouped by sensor depth/altitude with “Top” indicating 10 cm above the water’s sur-
face, “Middle” indicating 12 cm below the water’s surface, and “Bottom” indicating 
45 cm below the water’s surface.
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expensive and sophisticated light sensors. Because of their reduced 
costs, multiple HOBOs may be deployed, with their results averaged 
easily, and adding the benefit of additional accounting for small-scale 
spatial differences at the site, or used comparatively to determine sen-
sor failure or fouling. This multiplicity and replication in measure-
ments can save time and energy for deployment and retrieval because 
the added HOBO sensors serve as backups and security for the overall 
data collection process.

 In regard to specific data reported in this study, there are a few 
points to mention. First, in figure 4, three data points are outliers. We 
account for these outliers as data collected when a cloud passed over 
or a bird visited the light tree. Second, the pilot study, conducted pri-
or to this research, revealed design flaws that were remedied for the 
present report. We believe these flaws are worth noting in the event 
this work is replicated, and there is a more detailed account of the 
adjustments made within the Results section of this paper.

 HOBO planar sensors are especially sensitive to their position-
ing, and, if they are affixed at even a slight angle and not perfectly 
flat/level, they will not successfully measure maximum illuminance. 
These errors are compounded when comparing the HOBO sensors to 
the LI-COR sensors. The disparity in lum/ft² values between the pilot 
study and the present research indicates the importance of a test run to 
quality check the sensors and the value of proper positioning for the 
HOBO planar sensors.

 When analyzing for the appropriate minimum data interval sam-
pling length that still maintained a strong correlation between the 
readings of the HOBO and LI-COR sensors, a 15 min average was 
observed to be longer than is necessary. An optimum minimum length 
time is 5 min. The data curve flattens at around the 5 min. mark, and 
in that shorter time period, the correlation remains significant. This 
result could be beneficial in field data collection protocols, by ex-
tending battery life and increasing the number of days of sampling, or 
lessen the amount of time that field technicians spend at sites, if they 
are conducting discrete sampling.

 Future studies should consider testing additional light sensor 
types. As technology advances, it is important to continue to eval-
uate light sensor accuracy, but also to relate data accuracy to rela-
tive equipment costs. This information may enable less-developed 

countries to undertake productivity analyses for marine, aquatic, or 
terrestrial habitats, including agricultural lands. Also, schools and 
lower-income educational institutions may require, due to budget 
constraints, cost-effective equipment for instructing students on en-
vironmental sampling techniques and environmental or agricultural 
conditions and health. Mickley et al. [11] has described an analysis 
of Arduino-type sensors, or what they termed Environmental Micro-
controller Units (EMUs), which may be a good place to start a cor-
relation analysis. If a high level of correlation to more costly sensors 
is observed, these lower-cost options may be an excellent alternative 
for PAR monitoring.
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