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ABSTRACT 

 Climate change has far-reaching consequences for hydrogeological dynamics, including 

shifts in stream temperatures. Urbanization and land use change further alter stream conditions, 

with stormwater runoff from impervious surfaces contributing to rapid temperature fluctuations 

and removal of riparian vegetation leading to smaller temperature buffering. Additionally, 

changing precipitation patterns will affect surface runoff and groundwater contributions 

changing stream dynamics. The purpose of this study was to investigate which principal 

hydrological parameters influence the temperature of the Mānoa Stream. Principal variables 

measured included baseflow (quantified via discharge data, FINIFLUX radon modeling, stable 

isotopes, groundwater contaminant testing, and nitrogen), hyporheic flow (analyzed via electrical 

resistivity), precipitation (quantified via stable isotopes and direct collection records), canopy 

cover (observed as percent of coverage), stream bed/urbanization impact (quantified as natural 

versus constructed reaches and local population density), and season/date/time.  

Results indicate that baseflow contributions to the stream vary by season and stream 

reach but are not strongly linked to temperature changes. Precipitation may influence the isotopic 

composition of the stream heavily and temporarily and was primarily found to moderate stream 

temperature toward the stream average temperature. Canopy coverage, urbanization impact, and 

season/time correlate the most with recorded temperature trends, indicating the combination of 

these three parameters inflicting the strongest influence on stream temperature. These results 

suggest that Honolulu urbanization will have a strong control on the health of the stream in the 

future, likely to be exacerbated by climate change impacts.  
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1. INTRODUCTION 

Climate change studies have unveiled an array of cascading effects, such as higher 

temperatures, sea-level rise, increased heavy rainfall, associated heat stress, and coastal 

inundation damage (Lawrence et al., 2020). Anthropogenic greenhouse gas emissions into the 

atmosphere over the last century resulted in an increase not just in the air temperature, but also 

the temperature and chemical composition of waters (Khilchevskyi et al., 2020). Water quality 

can be studied through a variety of lenses and parameters, such as conductivity, metal 

concentrations, and nitrogen content. Stream temperature is another major water quality 

parameter monitored widely and is believed to impact the growth and mannerisms of stream life 

(Rogers et al., 2020).  

Stream temperature is a core driver of stream ecosystem health. As anthropogenic 

greenhouse gas emissions cause warming global air and sea temperatures, a similar warming of 

stream temperatures has been predicted, which may be detrimental to freshwater life as 

organisms are pushed beyond their thermal tolerance limits or face low oxygen conditions and 

increasing harmful algal blooms. To make matters worse, urbanized land has been discovered to 

change hydrology and stream channels, impair water quality, and negatively impact wildlife 

diversity. Urbanized land has also been found to affect stream temperatures, such as from inputs 

of hot stormwater runoff heated by unshaded impervious man-made surfaces, which drive rapid 

temperature swings and higher average stream temperatures than forested stream areas (Grey et 

al., 2023). Removal of riparian vegetation in urbanized land for flood control further exacerbates 

the stream temperature problems. Studies in the Pacific Northwest have found that stream 

temperature regimes are now typically different from before Euro-Americans settled the region 

(Poole et al., 2001). 

Temperature isn’t the only variable to change in streams, but also ratios of groundwater 

to surface runoff inputs. Groundwater in tropical and subtropical regions is cooler than air 

temperatures and is expected to moderate stream temperatures. Global precipitation patterns are 

expected to increase in intensity, duration, and/or frequency which could lead to floods, 

prolonged droughts, and wildfires. As such, surface runoff is expected to increase during 

precipitation events. These climatic changes will have complex effects on streams with 

significant groundwater inputs and high human-modification. Overall, climate shifts are expected 



 2 

 

to produce negative results in stream flow dynamics and water resources globally (Filipe et al., 

2012).  

Still, increased stream temperatures are already a problem, exacerbated in human-altered 

landscapes that lack natural riparian and stream bed ecosystems (U.S. Geological Survey, 2017). 

We need to understand the patterns of stream temperatures in current climates and landscapes to 

identify drivers of temperature and temperature ranges as we face inevitable changes of climate. 

If increasing stream temperatures alter hydrological patterns, it may trigger a chain of ecological 

disruptions, ultimately affecting the stability of the stream’s ecosystem. For example, a study in 

Mediterranean climates found that freshwater species of fish in similar climates worldwide are 

experiencing dramatic declines partly attributable to ongoing climate change (Filipe et al., 2012). 

This study also found that stream biota under the stress of increasing temperatures tended to be 

displaced to higher elevations and latitudes, communities would change their composition and 

homogenize, and some life-history traits, such as being small, short-lived, and resistant to low 

streamflow and desiccation, would become favorable traits (Filipe et al., 2012).  

To contribute to the understanding of stream temperature spatial patterns and ranges in 

Hawaiʻi, this project characterizes the spatial and temporal temperature distribution in the Mānoa 

Stream. The Mānoa Stream is designated as “Inland Waters - Class 2” in the Hawaiʻi 

Administration Rules, Title 11, as waters to be protected for recreation, propagation of fish, 

shellfish and aquatic life, agricultural and industrial water supplies, shipping, and navigation 

(Ellis, 1999). The Mānoa Stream runs from the Koʻolau Mountain Range to connect terrestrial, 

fluvial, and coastal communities. Year-round, orographic rainfall is the primary source of water 

recharge to the groundwater and supplies to this stream (Sahoo et al., 2006). Water in this shed 

has been heavily impacted by the quick growth of anthropogenic development in Honolulu, 

particularly within the past century. Residential and urban development along the stream have 

altered landscapes and habitats, and, unfortunately, polluted the water (Ellis, 1999), as evidenced 

by the Ala Wai Canal the Mānoa Stream drains into. The Ala Wai has figured prominently on the 

list of most polluted streams in the USA according to fish analyses prepared by the US Fish and 

Wildlife Service, National Contaminant Biomonitoring Program (NCBP) (Sahoo et al., 2006). 

Upstream, however, the stream is less impacted by urbanization as it runs through a protected 

arboretum and conservation land, making it an optimal stream to study temperature patterns 
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along a land-use gradient. As such, it is imperative that we study the hydrological dynamics of 

this stream so we can better predict its future water flow, temperature patterns, and stream health. 

 

1.1 Motivation and Hypotheses  

There are many factors that influence the temperature of a stream. These factors include 

atmospheric conditions, such as seasonal temperature and precipitation, daily weather, and solar 

radiation, as well as hydrological processes such as groundwater and stormwater inputs, and 

hyporheic exchange. Even biological factors, such as riparian vegetation and canopy cover 

presence can influence the temperature of the stream. Other factors such as anthropogenic 

disturbances, including inputs from storm drains and channelized concrete stream beds, impact 

stream temperature and water quality. All of these factors will be noted and incorporated into 

characterizing the Mānoa Stream spatiotemporally to gauge the importance of their influence. 

As has been noted in other studies on streams running through urban regions, the waters 

in heavily impacted areas are generally warmer in temperature than water leaving rural areas 

(Somers et al., 2013). This may be due to channelized stream beds not allowing for natural 

hyporheic exchange of cooler groundwater, warmer urban air from the Heat Island Effect, and 

lack of shade from destroyed canopy cover (Somers et al., 2013). The effects of climate change 

are also very apparent through enhanced greenhouse gas heat retention in the atmosphere, which 

contributes to warming streams, floods, and droughts (Strauch et al., 2015). While a few studies 

have looked at groundwater inflow and its influence on temperature (Strauch et al., 2015) and 

stream discharge rates (Bassiouni & Oki, 2013) there remain gaps in our understanding of 

hyporheic flow and groundwater inflows, and their distribution along this stream. This study will 

focus on both natural and human-impacted parts of Mānoa Stream to characterize groundwater 

inflows and hyporheic flow. We will complement this information with canopy cover surveys 

and quantifications. Through vegetation surveys, algae collections, and analysis of nitrogen 

content, we aim to better understand how ecology may also impact the temperature and health of 

the stream. This will be instrumental in the study of temperature patterns and its drivers. We 

predict that biotic factors, like canopy cover, will noticeably correlate with stream temperature 

variations, assuming that higher canopy cover will be correlated with cooler parts of the 

stream. We predict that water at the headwater stream will remain cooler year-round, as 
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compared to the water in the urbanized part of the stream that has been subject to changes in 

land cover and exposed to more direct sunlight.  

Canopy cover is not the only variable affecting stream temperature. Hydrological 

processes such as direct rainfall and surface runoff, as well as groundwater inflow in gaining 

reaches of the stream will affect temperature. This project therefore also focuses on the influence 

of stream discharge rates as they relate to surface runoff and groundwater inflows through an in-

depth analysis of radon levels spatiotemporally. Radon, a naturally occurring decay product of 

uranium, is known to be observed in higher concentrations in groundwater as opposed to surface 

water (Schubert et al., 2020). Because of its relatively short half-life of only 3.8 days, radon is a 

prime candidate to observe groundwater-surface water interactions, and how factors like varying 

stream discharge rates can influence its concentrations (Burnett et al., 2006). Radon 

concentrations measured along the stream can be used to identify groundwater inflow and, when 

compared to corresponding temperature data, the role of groundwater seeps as drivers of 

temperature can be evaluated. Spatiotemporal “Rn: temperature” ratios can translate to “baseflow 

contribution: temperature” relationships that will help with temperature modeling. Baseflow 

contribution can also be intimately linked to seasonality, as the wet season will be dominated by 

precipitation and surface runoff, and the dry season will be dominated by groundwater discharge 

as the major stream water source. We hypothesize that locations with frequently elevated radon 

levels above background level and cooler temperatures will point to nearby groundwater seeps 

(Burnett et al., 2006). Cool stream temperatures and low radon levels will likely point to the 

influx of precipitation runoff across all sites.  

Additionally, this project will monitor specific conductance. Minute changes in specific 

conductance may also help with hydrological regime characterizations as specific conductance 

has been shown to vary with groundwater discharge and runoff (U.S. Geological Survey, 2019). 

Given that Hawaiʻi is located in a tropical climate zone, higher levels of heavy isotopes 

of hydrogen and oxygen in precipitation are to be expected, as compared to waters at higher 

latitudes (Pacific Islands Water Science Center, 2023). Since groundwater has a unique δ18O 

and δ2H signature which may be different than that of individual rain events, analysis of isotopic 

composition is anticipated to further inform us about evaporation and contributions of 

precipitation to stream water budgets (Gat, 1996). This analysis will be instrumental in studying 
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the differences between local runoff isotopic signatures and groundwater discharge signatures. 

Knowing these differences can inform us more about the hydrological dynamics of the stream.  

An additional parameter that may affect stream temperature is the leakage of groundwater 

tainted with wastewater. It has not been studied as a process affecting temperature in this stream, 

but this study will explore if locations that receive wastewater tainted groundwater have altered 

temperature characteristics compared to sites that receive pristine groundwater. Contaminants of 

Emerging Concern (CECs), such as caffeine and carbamazepine will tell us more about the 

influx of contaminants to surface stream water, through discharge of contaminated groundwater. 

These two CECs are natural (CAF) and synthetic (CBZ) organic chemicals that are resistant to 

biological and photodegradation and are environmentally persistent. Carbamazepine as a 

pharmaceutical is a uniquely human consumed compound, thus it is an optimal tracer for 

wastewater from cesspools, septic systems, and leaking sewer lines (Gold, 2021). 

Carbamazepine (CBZ) is a volatile, highly persistent organic compound. It is the active 

ingredient of Tegretol, an anticonvulsant medication prescribed ubiquitously world-wide for the 

treatment of epilepsy, neurotic pain, and schizophrenia (Gold, 2024). CBZ is poorly removed in 

conventional wastewater treatment processes, and it is widespread in water bodies (Gold, 2024). 

Natural elimination processes include aerobic microbial degradation, and it is also slightly 

degradable by photolysis (Hai et al., 2018). This process is slow, however, with a half-life of 100 

days. The other factor affecting CBZ mobility is sorption to sediments. Hysteresis effect has 

been documented meaning that more CBZ sorbs than releases and that sediments act as a storage 

and source of CBZ by potentially slowing its propagation. (Gold, 2024).  Caffeine (CAF) is 

possibly the most widely consumed stimulant in the world, as it is extensively used in beverages, 

food, and pharmaceuticals. Due to caffeine being primarily human consumed, it has also been 

proposed as an effective marker for tracking surface water pollution from sewage effluents from 

septic systems (Gold, 2021).  

In addition to CECs, algal samples will be collected along the stream, and I will 

characterize their δ15N and N:C ratios, which is another way to identify wastewater inputs 

(McCance et al., 2020). Algae have been utilized to show that wastewater and manure-derived 

nitrate in aqueous systems has heavier δ15N, a signature that is preserved when nitrogen is taken 

up by plants. As such, plant δ15N can act as an indicator of accumulation of wastewater derived 

nitrogen, as has been studied in coastal regions (Dulai et al., 2021).  
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 Given the prevalence of cesspools in Hawaiʻi, and with a geological bed of basaltic rock 

allowing for a quickly moving contaminant plume, it is predicted that elevated ŭ15N and CEC 

contamination in the groundwater seeping into surface stream water will be detected. It is also 

predicted that ŭ15N and CEC contamination will be highest in the most urbanized areas 

downstream with the largest temperature ranges and highest overall temperatures, as there 

will be less porous surfaces for contaminants to degrade into before reaching the stream. 

 

1.2 Objectives 

This project will incorporate the analysis of multiple parameters to take an 

interdisciplinary approach in understanding the hydrological dynamics of the Mānoa Stream. The 

objectives of this project are to characterize spatial and temporal patterns of stream temperature 

as driven by stream hydrology (runoff versus groundwater discharge) and streambed and riparian 

characteristics (vegetation, built infrastructure) and will be accomplished through the following 

steps as stated: 

● Monitor the temperature along the length of the stream spatially and temporally 

● Determine surface runoff vs groundwater dominated locations and periods: 

measure radon along the length of the stream spatially and temporally; measure 

water stable isotopes (δ2H and δ18O) along the length of the stream spatially and 

temporally; perform radon and isotopic mixing budgets to calculate baseflow and 

surface runoff contributions. 

● Quantify canopy cover. 

● Quantify anthropogenic structures and modifications to stream bed and bank (i.e., 

channelized stream beds, culverts, dams, et cetera). 

● Quantify wastewater affected sections of stream and their relation to temperature. 

● Quantify the combined and individual effects of the aforementioned factors on 

stream temperature. 
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2. METHODS 

2.1 Site Selections 

Field data was collected and compiled to create a spatially explicit stream temperature 

profile. Ten sites were selected along the stream, starting with Site 1 upstream near Mānoa Falls, 

and ending with Site 10 at the Ala Wai Canal. These sites were selected based on ease of access 

and the diversity of surroundings/human intervention. This site selection spans across 

approximately 8 km of the Mānoa Stream from relatively undisturbed to heavily altered reaches 

of the stream. Each site is approximately 0.76 km apart from the next site.  
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Figure 1. Sampling Site Selections: A site map detailing the 10 locations where regular stream 

sampling was conducted over a period of 15 months. Sites are labeled with a common name and 

marked by blue vectors along the Mānoa Stream. 
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Table 1. Sampling Logistics: The approximate days designated for water sampling, as well as 

the corresponding site name, number, and GPS coordinates.  

Sampling 

Days 

Site # Sample Site Latitude Longitude 

Mondays Site 1 

Site 2 

Mānoa Trail - Waihi 

Waʻaloa Way 

21.33549 

21.32821 

-157.80003 

-157.80009 

Wednesdays Site 3 

Site 4 

Site 5 

Site 6 

Pawaina Bridge 

Mānoa District Park 

Mānoa Innovation Center/ Woodlawn 

UH Tea Garden 

21.32320 

21.31362 

21.30837 

21.29943 

-157.80261 

-157.80650 

-157.80930 

-157.81358 

Fridays Site 7 

Site 8 

Site 9 

Site 10 

Dole St Bridge 

Kaimuki High School 

Date St Bridge 

Ala Wai Estuary 

21.29527 

21.28746 

21.28486 

21.28328 

-157.81293 

-157.81783 

-157.82040 

-157.82567 

 

 

Figure 2. Example Sites: Photos comparing the A: altered, channelized Mānoa stream beds with 

concrete bottoms at impacted sample sites, versus B: the more natural stream site sampling 

locations. 
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2.2 Field Work 

This fieldwork involved water sample collection, in situ water quality parameter 

measurements and canopy characterization at the Mānoa stream by driving/walking to the ten 

sites. Fieldwork was conducted bi-weekly to bi-monthly throughout all of 2023 and ending in 

March 2024. This extended fieldwork allowed for experimental and observational repetition, as 

well as the analysis of the impacts of the rainy and dry seasons in Hawaiʻi. Upon accessing the 

site, a handheld YSI probe (Model ProSolo, Professional Series DIGITAL, manufactured by YSI 

a Xylem brand) was used to take stream temperature and specific conductance measurements at 

each of the ten sites along the stream. 

  

Figure 3. Fieldwork Water Collection: A photo of fieldwork being conducted in the 

Mānoa stream, at site 6 (UH Tea Garden) from Figure 1, on the University of Hawaiʻi at Mānoa 

campus.  

 

At each of the ten sites from Figure 1, a 20-mL glass scintillation vial was completely 

filled with water and capped to be analyzed for δ2H and δ18O isotope ratios of water (Gat, 1996). 

Additionally, water samples in amber glass vials were filtered with a 0.22µm TDS syringe filter, 

collected, and refrigerated, to be analyzed for contaminants of emerging concern. Importantly, at 

each of the ten sites, we took samples to test for radon. For this analysis, we utilized the Durridge 
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Big Bottle radon protocol (Durridge, 2023). Depending on the site accessibility, a bucket on a 

rope was utilized to collect water, or a peristaltic pump was used to siphon surface water 

(Burkhart et al., 1991). A clean 2-L soda bottle was rinsed three times and then slowly filled (so 

as to not cause extensive radon degassing) until it was overflowing, then capped (Durridge, 

2023). These bottles were then brought back to the laboratory to be analyzed within the same 

day. Each water sample was marked with date, time, and site location on the bottle. 

 

Figure 4. Peristaltic Pump: Water being siphoned with a battery supported peristaltic 

pump into a 2-L soda bottle for radon analysis.  

 

 Using an opportunistic approach, an extra 50 mL glass bottle and scraping knife was 

brought in the field and used to collect vegetation, moss, and algae at different site locations 

when available. These samples were frozen until analyzed by the UH Biogeochemical Stable 

Isotope Facility for nitrogen content and isotopic signature.  

Additionally, in April of 2023, I deployed 10 HOBO temperature sensors mounted with 

PVC piping, screws, and zip-ties onto concealed boulders or existing stream gages strategically 

spaced along the stream. These HOBO TidbiT MX Temp 400s have been recording the water 

temperature every 15 minutes since April 2023 and are programmed to continue to do so for 2.8 

years, with a resolution of 0.2℃. Approximately every 3 months, I retrieved data from the 

mounted HOBO sensors and re-mounted them in the same position underwater and out of direct 

sunlight, as well as noted and photographed canopy cover, type of streambed, discharge rate, and 

a description of the riparian zone.  
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Figure 5. HOBO Sites: Sites of the 10 HOBO TidbiT MX 400 temperature logger 

deployments. HOBOs were strategically located to note the influence of tributaries converging 

into the Mānoa Stream, as well as to analyze the spatiotemporal temperature profile of the entire 

stream running from the base of the Koʻolau Mountains to the Ala Wai Canal. 
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Figure 6. HOBO Mounts: Example images of how the HOBO TidbiT MX 400 

temperature loggers are mounted to boulders in the stream bed. 

 

Canopy coverage photos were taken with the forward-facing camera of an iPhone 12 Pro 

on 1x zoom at approximately 30 inches above the bed of the stream. These photos were taken 

from the center of the stream, starting at each HOBO location, and retaken every 10 feet 

upstream, up to 30 feet upstream of the HOBO mounting location. These photos were then 

compiled into the Canopeo iPhone application for measuring canopy coverage associated with 

HOBO location, and averaged canopy coverage was calculated for each site in March 2024. 

Urban Impact Rating scores were assigned to each HOBO location on the basis of 2010 

population density census data derived from ArcGIS (approximately 600 m2 surrounding the 

site) and coupled with observed data of human infrastructure visible in the immediate area (i.e., 

concrete channels, bridges, culverts, neighborhoods, roads, et cetera). Scores ranged from 1 

(least impacted) to 10 (most impacted) (Honolulugis, 2024). 

 Records of stream flow are essential to understanding the hydrology of the stream, and 

the impact of the rainy and dry seasons. I obtained Mānoa stream water flow data from the US 

Geological Survey “Mānoa Stream at Woodlawn Drive Water Data Gage Height” website for 
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gage #16241600 (MǕnoa Stream at Woodlawn Drive, 2023). This gage is centrally located along 

the stream; thus, its data was used to represent and characterize the entire length of the stream 

neglecting any gains along the reach after the gage.  

Precipitation data was retrieved from Hawaiʻi Climate Data Portal from the Lyon 

Arboretum rain station (Station 785.4) for daily rainfall from December 2022 - March 2024. This 

station was chosen as it is located at the head of the stream and because it is the station with the 

least gaps in recorded data. 

The geophysical aspects of the stream bed were also characterized by two Electrical 

Resistivity (ER) surveys at the UH Tea Garden sample site and at the Mānoa District Park 

sample site. Ground resistivity is related to mineral content, porosity, and water saturation of the 

rock. This technique allows for a differentiation of low-resistivity groundwater-saturated layers 

from higher-resistivity unsaturated layers, and, in the case of the stream bed, saturated sediments 

from pebbles and rocky substrate at the Mānoa District Park and large boulders present at the UH 

Tea Garden site. We recorded bulk apparent resistivity (Ohm-m) of the geologic substrate using 

an electrode array. Apparent resistivity cross-sections were inverted to model the true subsurface 

resistivity profile. A SuperSting R8/IP unit (Advanced Geosciences Inc., AGI, Austin, TX, USA) 

with an 8-channel receiver, connected via an external switch box to a 168 m streamer (56 

electrodes, spaced 3 m apart) with electrodes deployed with 1 meter spacing was used to obtain 

resistivity readings of the subsurface at both sites. All resistivity surveys used dipole-dipole 

configuration and were performed in December 2022. Data were filtered using criteria of 

achieving less than 20% root mean square error (RMS) and L2-norm statistic values below 10. 

Apparent resistivity values were converted to true resistivity values using the AGI EarthImager 

2D resistivity and IP inversion software (Hughes et al., 2020). 

 

2.3 Laboratory Sample Processing and Analysis  

Water samples were promptly stored at approximately 2.7oC upon returning to the 

laboratory at 620 POST (Pacific Ocean Sciences and Technology building), until their analyses 

as follows. Stable isotopes of water and nitrogen isotopes in algae were analyzed at the SOEST 

Biogeochemical Stable Isotope Facility according to protocols by Dores et al., (2020), and 

Wongkiew et al., (2017). Radon and CECs were analyzed as described below. 
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2.3.1 RAD7 Radon Analysis 

The RAD7 Radon Analyser was first purged of humidity for 15 minutes using connected 

desiccant columns, until relative humidity was below 10% (Durridge, 2023). The 2-L bottles of 

water for radon sampling were left to acclimate to laboratory room temperature (Durridge, 

2023). Then each 2-L bottle was opened, and approximately 30 mL of water was drained from 

the top of the bottle to allow for headspace (Durridge, 2023). Using the Durridge Big Bottle 

Protocol, an aeration bubbling stone was placed in the bottle, and connected via tubing to the 

desiccant column and RAD7. The water was bubbled to allow for radon degassing for three 15-

minute cycles (a total of 45 minutes), and this air was sent through the desiccant column and then 

into the RAD7. After 45 minutes, the pump for aeration was switched from “On” to the “Auto” 

setting, and the clamp controlling air flow into the desiccant column was unclipped, allowing the 

air to move freely for the following 8 cycles of 15 minutes (2 hours) (Durridge, 2023). This 

laboratory analysis provides us with information on the radon concentrations in the water 

(through radon in the air in the bottle and tubing system) at each sample site (Durridge, 2023). 

The mass balance-based finite element model FINIFLUX was used for calculating groundwater 

inflow using radon as a tracer (Frei & Gilfedder, 2015). 
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Figure 7. Radon Laboratory Work: Durridge Big Bottle setup for analyzing stream 

water radon content on RAD7s. 

 

2.3.2 FINIFLUX Radon Analysis 

To estimate groundwater discharge into the stream surface water using 222Rn, the finite 

elements implicit numerical model FINIFLUX was utilized (Frei et al., 2019). The model used 

the following Equation 1: 

(Eq. 1) 

where Q [L3 Tḍ1] is the river discharge, c [M Lḍ3] is the activity of the tracer, in this case radon, 

and x [L] is the stream length between sampling locations. I [L3 Lḍ1 Tḍ1] is the groundwater 

inflow, cgw [M Lḍ3] is radon concentration in the groundwater, k [L Tḍ1] is the degassing 
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coefficient, w [L] is the stream width, d [L] the stream depth and ɚ [Tḍ1] is the radon decay 

constant. Qr [L
3 Tḍ1] is the discharge of the tributaries, RL [L] the tributary inflow length and ctrib 

[M Lḍ3] radon activity measured in the tributary. ɗ ϛḍϝΫΞh [L] and th [T] are the hyporheic 

exchange parameters, namely the porosity of the streambed, the depth of the hyporheic exchange 

layer, and the mean residence time of water in the hyporheic zone, respectively, and ɔ [M Lḍ3 

Tḍ1] is the production rate of 222Rn within the hyporheic zone. In order to adjust for rapid 

degassing within the stream a user-defined degassing parameter was used from O’Connor & 

Dobbins (1958). The model was adapted for conservative compounds in the open-source 

MATLAB code of FINIFLUX. Rainfall, evaporation and mixing with stream tributaries were 

assumed to be negligible for the mass balances during the time of sampling. All concentration 

measurements are used as model input (Glaser et al., 2020).  

 

2.3.3 Contaminants of Emerging Concern / Pharmaceutical Testing 

Seventy CEC water samples collected in Mānoa Stream were stored refrigerated at 4°C – 

8 °C and analyzed within 10 months of collection at the coastal geochemistry and hydrology lab 

at University of Hawaiʻi. Carbamazepine (CBZ) and caffeine (CAF) were analyzed using 

Enzyme-Linked Immunosorbent Assay (ELISA) kits purchased from Abraxis, LLC (product 

numbers 515585 and 515575). Separate microtiter wells coated with compound specific 

antibodies received protocol prescribed volumes (20 µL –100 µL) of water samples, standards, 

and blanks. Enzyme conjugate and antibody solutions were added to each well in a kit specific 

order. After a prescribed incubation time, the solution was discarded, the wells were washed with 

wash solution, and a color solution was added to each well and incubated for 30 minutes. The 

developed color intensity was inversely proportional to the amount of compound of interest in 

the sample. The color development was stopped with the addition of a color stop solution. The 

plate with the wells was then analyzed within 5 minutes. The absorbance at 450 nm was 

determined for each well using a microplate reader (photometer Model 4303, Abraxis). 100% of 

the standards and blanks and 20 % of the samples were run in duplicates. Based on 95% of the 

sample absorbance to blank absorbance ratio (B/B0 %) the kit sensitivity for CAF was 0.175 

ng/mL and for CBZ, 0.025 ng/mL. Both the carbamazepine and caffeine kits performed 

according to the manufacturer-reported sensitivity (SL) based on a cut off limit of 95% reduction 
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of absorbance compared to absorbance of blanks. Standards had very good recoveries with 

standard deviations of 20-40%. 

 

Figure 8. CEC Laboratory Work: Photo of enzyme-linked immunosorbent assay analysis for 

the determination of caffeine and carbamazepine in water samples.  

 

2.3.4 Algae and Vegetation N & C 

Algae and vegetation samples collected in the field were first rinsed with distilled water 

before being stored in plastic or glass vials in a freezer at approximately -18 ℃. Once ready for 

analysis, samples were removed from the freezer and uncapped to be dried overnight and then 

placed in an oven to be further dried at 60oC. Once thoroughly dried, samples were finely ground 

into a homogenous powder. 2 mg of each sample powder was weighed on a microbalance and 

wrapped in 4x6mm tin capsules before being submitted to the SOEST Biogeochemical Stable 

Isotope Laboratory for δ15N, δ13C and C:N ratio analysis where they were analyzed according to 

protocols by Chang et al. (2023).   
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3. RESULTS 

3.1 Stream Discharge and Precipitation Results 

Gathered data from the USGS stream gage at Woodlawn (Gage #16241600) from 2023 - 

2024, mean daily stream discharge ranged from a minimum of 0.03 m³/s to a maximum of 5.86 

m³/s, with an average of 0.22 m³/s, median of 0.12 m³/s, and standard deviation of 0.36 m³/s 

(MǕnoa Stream at Woodlawn Drive, 2023).  

 

 

Figure 9. Discharge and Precipitation: Mean daily stream discharge versus summed total daily 

precipitation collected at Lyon Arboretum, December 1st, 2022 - March 17th, 2024, and data 

from dates of sampling events (University of Hawaiʻi at Mānoa, 2024) (MǕnoa Stream at 

Woodlawn Drive, 2023). 

 

 During the dry season (April 1st - October 31st), the daily stream discharge maximum 

was 1.72 m³/s, the minimum was 0.04 m³/s, and the average was 0.19 m³/s. During the wet 

season (November 1st - March 31st), the daily stream discharge maximum was 5.86 m³/s, 

minimum was 0.03 m³/s, and average was 0.25 m³/s (MǕnoa Stream at Woodlawn Drive, 2023). 
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Figure 10. Temporally Aligned Precipitation, Discharge, and Sample Events: Summed total 

daily precipitation measured at Lyon Arboretum from December 1st, 2022 to March 17th, 2024 

(University of Hawaiʻi at Mānoa, 2024), mean daily stream discharge measured at the USGS 

gage at Woodlawn, and stream sample events temporally aligned (University of Hawaiʻi at 

Mānoa, 2024) (MǕnoa Stream at Woodlawn Drive, 2023). 

 

 

Figure 11. Precipitation and Temperature: Summed total daily precipitation measured at 

Lyon Arboretum versus the daily average stream temperature measured by all HOBOs, April 

29th, 2023 to March 12th, 2024 (University of Hawaiʻi at Mānoa, 2024). 
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Figure 12. Total Daily Precipitation and Temperature at Lyon Arboretum and Kaimuki 

High School: Summed total daily precipitation measured at Lyon Arboretum versus the daily 

average stream temperature measured by the HOBO at Lyon Arboretum and the HOBO at 

Kaimuki High School, separated by dry season (April 29th, 2023 to October 31st, 2023) and 

rainy season (November 1st to March 12th, 2024) (University of Hawaiʻi at Mānoa, 2024). 

 

 Precipitation was retrieved from Hawaiʻi Climate Data Portal from the Lyon Arboretum 

rain station (Station 785.4) for daily rainfall from December, 2022 - March, 2024 (University of 

Hawaiʻi at Mānoa, 2024). Minding that there were occasional gaps in the daily rainfall data 

collections, the average rainfall was 6.07 mm, minimum was 0 mm, and maximum was 119.89 

mm. During the dry season (April 1st - October 31st, 2023) the average daily precipitation was 

7.49 mm. During the wet season (November 1st, 2023 - March 31st, 2024) the average daily 

precipitation was 6.07 mm, however, there was a 21-day gap in the data collection period of late 

January when there is typically significant rainfall, which is excluded from the analysis. Thus, 

wet season rainfall is predicted to actually be greater than these reported numbers but lacking all 

true values. 
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 Daily summed precipitation and daily mean stream discharge rates were compared with a 

Pearson correlation test from December 1st, 2022, to March 17th, 2024, and provided a 

correlation coefficient of R = 0.78 and R-square of 0.61. 

 Daily summed precipitation and average stream temperature collected from all of the 

HOBOs were compared with a Pearson correlation test from April 29th, 2023, to March 12th, 

2024, and provided a correlation coefficient of R = -0.02. Daily summed precipitation during the 

dry season (April 1st - October 31st, 2023) and daily average stream temperatures collected by 

the Lyon Arboretum (Site 1a) HOBO and by the Kaimuki High School (Site 10a) HOBO were 

compared with a Pearson correlation test and provided a correlation coefficient of R = -0.33 and 

-0.39, respectively. The same Pearson correlation test was done for the wet season and provided 

a correlation coefficient of R = 0.15 at Lyon Arboretum and 0.04 at Kaimuki High School. Daily 

mean stream discharge rates and daily average stream temperature were compared with a 

Pearson correlation test from April 29th, 2023, to March 12th, 2024, and provided a correlation 

coefficient of R = -0.22. 

 Trendlines were created for the daily precipitation versus daily temperature at Lyon 

Arboretum (Site 1a) and Kaimuki High School (Site 10a) HOBOs plot, separated into dry and 

wet season. As precipitation increased, both dry season trendlines had a decreasing slope, with a 

slope and intercept of -0.02℃/mm and 22.11℃ for Lyon Arboretum, and -0.4℃/mm and 

25.24℃ for Kaimuki High School. As precipitation increased, both wet season trendlines had an 

increasing slope, with a slope and intercept of 0.01℃ and 20.99℃ for Lyon Arboretum, and 

0.005℃ and 22.63℃ for Kaimuki High School. 

 

3.2 HOBO Results 

A total of ~300,000 data points were collected from all ten HOBO loggers between April 

21st, 2023, and March 6th, 2024. Temperatures ranged from a low of 16.76 ℃ to a high of 33.40 

℃, both the highest and lowest temperature occurring at the Koali Road HOBO logger (Site 9a). 

The average temperature of the stream was 22.56 ± 2.01 ℃, with the median temperature of 

22.19 ℃. Once the stream reached a site with an Urban Impact Rating of ≥ 5, temperature 

between each site moving upstream to downstream increased by an average of 0.25 ℃, with each 

HOBO site placed approximately 0.76 kilometers apart (Table 2). There were two rapid average 
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temperature increases: 1.28 ℃ between Waʻakua Fork (Site 4a) and Mānoa District Park (Site 

5a), and 1.48 ℃ between Kanewai Park (Site 8a) and Koali Road (Site 9a).  

As previously mentioned, Urban Impact Rating scores were assigned to each HOBO 

location based on a number of parameters. Scores ranged from 1 (least impacted) to 10 (most 

impacted) (Honolulugis, 2024). Lyon Arboretum (Site 1a) was considered the least impacted, 

while the HOBO site at Koali Road (Site 9a) was the most impacted. 
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Table 2. HOBO TidbiT MX logger data descriptions 

HOBO 

Location 

Site Minimum 

Temp. 

(°C) 

Maximum 

Temperature 

(°C) 

Average 

Temperature 

(°C) 

Median 

Temperature 

(°C) 

Temp. 

Range (°C) 

Standard 

Deviation 

(°C) 

Urban 

Impact 

Rating 

(1-10) 

Lyon 

Arboretum 

1a 17.93 24.52 21.65 21.74 6.59 1.01 1 -least 

impact 

Waihi 

USGS 

Gage 

2a 18.04 24.71 21.67 21.77 6.67 1.07 3 

Lua’alaea 

Stream 

3a 18.38 23.16 21.16 21.34 4.78 0.80 2 

Wa’akua 

Fork 

4a 18.02 23.75 21.37 21.57 5.73 0.90 4 

Mānoa 

District 

Park 

5a 17.53 27.76 22.65 22.50 10.23 1.56 7 

Woodlawn 

Drive 

6a 18.10 28.52 22.90 22.61 10.42 1.78 8 

UH Tea 

Garden 

7a 18.38 26.13 22.56 22.53 7.75 1.43 5 

Kanewai 

Park 

8a 18.40 25.94 22.93 23.16 7.54 1.42 6 

Koali 

Road 

9a 16.76 33.40 24.55 24.12 16.64 3.07 10 -

most 

impact 

Kaimuki 

High 

School 

10a 17.68 31.86 24.12 23.79 14.18 2.42 9 
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Figure 13. HOBO boxplot by site: Boxplot of HOBO temperature data by site from April, 2023 

through March, 2024. 

 

 

Figure 14. All HOBO Data: All HOBO temperature data from April, 2023 through March, 

2024 collected every 15 minutes from each of 10 HOBOs spaced along the stream.  
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3.3 In Situ Water Parameters  

Two parameters were measured with a YSI Handheld probe: temperature (°C) and 

specific conductance (µS/cm). Specific conductance (SPC) is a measure of the ability of water to 

conduct an electrical current at standardized conditions (temperature of 25 oC). Specific 

conductance is an important water-quality parameter because it gives a good idea of the amount 

of dissolved solids (Wenner et al., 2003). A total of 119 samples were taken during 

approximately biweekly to monthly samplings at 10 sample sites between December 14th, 2022, 

to February 29th, 2024.  

Maximum temperature recorded was 32.4oC at Date Street Bridge (Site 9). Minimum 

temperature recorded was 17.5oC at Pawaina Bridge (Site 3). Average stream temperature was 

22.93oC, or 0.37oC higher than the average recorded temperature on the HOBOs. The standard 

deviation of temperature average was 3.01oC, 1oC larger than the HOBO standard deviation. This 

shows that in situ measurements captured a slightly different temperature regime from not 

entirely matching the location of the HOBO sensors. I used the average and standard deviation to 

determine that any in-situ recorded temperature greater than 25.94oC or less than 19.92oC was 

considered a high and low temperature, respectively. 

 Maximum specific conductance was recorded furthest downstream at the Ala Wai estuary 

(Site 10), at 45,600 µS/cm, while minimum specific conductance was recorded at Dole Street 

Bridge (Site 7), with an SPC of 43.7µS/cm. While site-specific average SPC could be analyzed, I 

have opted to review the entire stream’s median SPC instead. This is a better reflection of the 

SPC of the length of the whole stream, as the Ala Wai (Site 10) is an estuary with significantly 

higher average SPC which would skew the average. Median SPC was 165.4 µS/cm. Excluding 

sites 9 and 10 which were tidally impacted and estuarine, median specific conductivity increased 

by an average of 13.63 µS/cm for every site moving downstream from site 1. 
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Table 3. In-situ sampling location data descriptions 

Sample 

Location 

Site Minimum 

Temperature 

(°C) 

Maximum 

Temperature 

(°C) 

Average 

Temperature and 

Standard Deviation 

(°C) 

Median SPC  and 

Standard Deviation 

(µS/cm) 

SPC Minimum, 

Maximum 

(µS/cm) 

Mānoa Tr 

- Waihi 

1 17.7 22.6 20.55 ± 1.69 98.5 ± 19.9 55.7, 117.1 

Wa’aloa 

Bridge 

2 18.8 24.3 21.57 ± 1.84 127.2 ± 45.1 59.0, 190.9 

Pawaina 

Bridge 

3 17.5 24.2 21.38 ± 2.12 130.9 ± 25.1 76.1, 160.0 

Mānoa 

District 

Park 

4 17.7 25.7 22.67 ± 1.99 165.4 ± 43.1 48.2, 179.8 

Woodlawn

/ MIC 

5 17.7 26.6 23.32 ± 2.81 164.7 ± 12.6 130.9, 174.8 

UH Tea 

Garden 

6 18.5 24.4 22 ± 1.64 171.3 ± 38.8 75.0, 206.8 

Dole St 

Bridge 

7 18.5 25.8 22.57 ± 2.22 173.4 ± 42.2 43.7, 192.1 

Kaimuki 

High 

School 

8 19 28.3 24.27 ± 3.30 214.2 ± 59.7 128.7, 314.0 

Date St 

Bridge 

9 19.1 32.4 25.6 ± 4.29 1058.0 ± 12758.1 122.5, 30,255.0 

Ala Wai 

Estuary 

10 20.2 30.2 25.9 ± 3.41 18609.0 ± 17544.3 3,130.0, 

45,600.0 
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Urban Impact Rating scores were also assigned to each in-situ sampling location on the 

basis of 2010 population density census data derived from ArcGIS (approximately 600 m2 

surrounding the site) and coupled with observed data of human infrastructure visible in the 

immediate area (i.e., concrete channels, bridges, culverts, neighborhoods, roads, et cetera). 

Scores ranged from 1 (least impacted) to 10 (most impacted) (Honolulugis, 2024). Mānoa Trail 

Waihi (Site 1) was considered the least impacted, while the sample site of the Ala Wai Estuary 

(Site 9a) was the most impacted. These results are shown in Table 9 of the Appendix. 

 

3.4 Electrical Resistivity 

The model of the true resistivity distribution of the two investigated transects exhibit 

values from ~1 to 1,000 Ohm-m (Figure 15). In both transects the upper part of the images 

depict more resistive layers (100–1,000 Ohm-m), with a sharp decrease into a lower resistivity 

layer (< 50 Ohm-m) 0.5 and 1.5 meters below the surface, at UH Tea Garden and Mānoa District 

Park, respectively. Below this resistive layer a mostly uniform conductive layer is present down 

to ~10 m of the profile.  

 

 

 

Figure 15. Electrical Resistivity Results: Modeled true resistivity profile for A: UH Tea 

Garden and B: Mānoa District Park sites. The X-axis is distance along the profile in meters, up to 

54 meters. 

 

3.5 CEC Concentrations 

Among the 70 water samples tested for both CBZ and CAF, utilizing a B/B0 of 97.5% for 

both CBZ and CAF, 25 were positive for CAF and 8 were positive for CBZ. Highest levels for 
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CAF were detected at Mānoa Falls Trail - Waihi Stream (Site 1), with a concentration of 1.01 

ng/mL, sampled on a day with the site’s highest temperature and lowest radon observed. Highest 

levels for CBZ were detected at the Ala Wai Estuary (Site 10), with a concentration of 0.059 

ng/mL. CAF was detected at 8 out of the 10 sample sites, while CBZ was detected at 3 out of the 

10 sample sites. 

 

 

Figure 16. Caffeine Detections: Caffeine of each sample with a positive detection, starting 

upstream (left) to downstream (right). 
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Figure 17. Carbamazepine Detections: Carbamazepine of each sample with a positive 

detection, starting upstream (left) to downstream (right). 

 

3.6 Radon Results 

A total of 119 2-L streamwater samples were analyzed for 222Rn concentrations between 

December 14th, 2022 and February 29th, 2024. 2 samples were determined to be extreme 

outliers, with concentrations averaging 1328 Bq/m³and 813 Bq/m³. Both of these samples were 

collected at Waʻaloa Bridge (Site 2) during low discharge times of 0.06 m³/s. Thus, these were 

concluded to be samples taken directly from an area of a natural spring or seepage. 1328 Bq/m³ 

was utilized as the groundwater endmember value. 

 Excluding these two samples, Waʻaloa Bridge (Site 2) still maintained the highest 

average and median 222Rn concentrations among all samples, at 138 Bq/m³ and 178 Bq/m³, 

respectively. Mānoa Trail - Waihi (Site 1) otherwise held the highest single sample of 222Rn from 

surface water, at 360 Bq/m³. Lowest 222Rn concentration was sampled at the UH Tea Garden 

(Site 6), at 2 Bq/m³. Lowest average and median 222Rn by site was also held at the UH Tea 

Garden (Site 6), at 11 Bq/m³ and 7 Bq/m³, respectively. Average 222Rn concentration across all 

sites, with the two extreme outliers excluded, was 56 Bq/m³. Median 222Rn concentration across 

all sites was 30 Bq/m³. With the two extreme outliers excluded, the standard deviation of 222Rn  
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was ± 66 Bq/m³. Thus, any radon concentration detected greater than the average plus the 

standard deviation (≥122 Bq/m³) is considered to have a high radon concentration. 

 

 

Figure 18. Radon Concentrations by Site: Boxplot displaying 222Rn sample concentrations by 

sample site, starting upstream (left) to downstream (right). 
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Figure 19. Radon, Discharge, and Temperature: XYZ Scatter Plot of site-specific radon 

concentrations, discharge, and associated sample temperatures. 
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3.6.1 FINIFLUX Results 

FINIFLUX solutions showed a maximum groundwater inflow along reach 4 during May 

of 2023, at 0.0001 m³/m/s. Reaches 1, 3, 5, and 6 also saw increases in groundwater inflow 

sampled during this time. Average groundwater inflow for each month per reach investigated 

was 0.0000135 m³/m/s. When averaged for the entire sampling period, reaches 1, 2, 4, and 9 had 

above average groundwater inflow numbers.  

 

 

Figure 20. Monthly Groundwater Inflow by Reach: Reach 1 spans from sampling site 1 

(Mānoa Trail - Waihi) to sampling site 2 (Wa’aloa Way). Reach 2 spans from sampling site 2 to 

sampling site 3 (Pawaina Bridge). Reach 3 spans from sampling site 3 to sampling site 4 (Mānoa 

District Park). Reach 4 spans from sampling site 4 to sampling site 5 (Woodlawn). Reach 5 spans 

from sampling site 5 to sampling site 6 (UH Tea Garden). Reach 6 spans from sampling site 6 to 

sampling site 7 (Dole St. Bridge). Reach 7 spans from sampling site 7 to sampling site 8 

(Kaimuki High School). Reach 8 spans from sampling site 8 to sampling site 9 (Date St. Bridge). 

Reach 9 spans from sampling site 9 to sampling site 10 (Ala Wai Estuary).  
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Figure 21. Reach-Specific Groundwater Inflow: Reach 1 spans from sampling site 1 (Mānoa 

Trail - Waihi) to sampling site 2 (Wa’aloa Way). Reach 2 spans from sampling site 2 to sampling 

site 3 (Pawaina Bridge). Reach 3 spans from sampling site 3 to sampling site 4 (Mānoa District 

Park). Reach 4 spans from sampling site 4 to sampling site 5 (Woodlawn). Reach 5 spans from 

sampling site 5 to sampling site 6 (UH Tea Garden). Reach 6 spans from sampling site 6 to 

sampling site 7 (Dole St. Bridge). Reach 7 spans from sampling site 7 to sampling site 8 

(Kaimuki High School). Reach 8 spans from sampling site 8 to sampling site 9 (Date St. Bridge). 

Reach 9 spans from sampling site 9 to sampling site 10 (Ala Wai Estuary).  

 

 Multiplying the calculated groundwater inflow results for each month sampled in each 

reach, by the distance of each reach itself (in meters), provides the total amount of groundwater 

inflow inferred for each reach, month-by-month. Summing this data month-by-month and 

dividing it by the average discharge for the respective sampling period, then multiplying by 100 

provides the percent of groundwater inflow to the stream that the 9 reaches input combined per 

month.  
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Table 4. Monthly Baseflow Input to the Stream from Reaches 1 through 9 as a Percent of Total 

Gaged Stream Flow 

Month Baseflow Input from Reaches 1 through 9 as 

a Percent of Total Gaged Stream Flow 

February, 2023 32% 

March, 2023 11% 

April, 2023 23% 

May, 2023 31% 

June, 2023 8% 

July, 2023 30% 

August, 2023 31% 

September, 2023 91% 

December, 2023 18% 

 

Thus, the highest baseflow contribution as percent of total discharge was calculated for 

September, 2023, while the lowest baseflow input was calculated for June, 2023.  

 The correlation between groundwater inflow and temperature taken by the YSI at the 

time of radon sampling was tested by running a Pearson correlation test. There was no strong 

correlation found between sampled temperature at the upper bounds or lower bounds of each 

reach and the calculated groundwater inflow of said reach. 

 

3.7 Canopy Cover Results 

30 canopy cover evaluations were calculated and noted. Highest canopy cover percent 

was determined at the Lyon Arboretum HOBO location with an average of 70% vegetation 

cover. Lowest canopy cover percent was determined at both the Koali Rd and Kaimuki High 

School HOBOs with 0% canopy cover. Average canopy cover for the whole stream was 26% 

with a standard deviation of 29%. Any site with more than 55% average canopy cover was 

considered to have “high” canopy coverage. 
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Figure 22. Canopy Coverage by Site: Calculated canopy cover in percent of analyzed 

photographs. 

 

3.8 Water Stable Isotope Results 

Results for δ18O analysis provided a minimum stable isotope ratio of -8.4‰ and a 

maximum stable isotope ratio of -0.3‰. Average δ18O across all sites was -2.5‰. Results for 

δ2H analysis provided a minimum stable isotope ratio of -58.3‰ and a maximum stable isotope 

ratio of 2.1‰. Average δ2H across all sites was -6.7‰. δ18O and δ2H were correlated with an R 

value of 0.95 and an R-square of 0.90. δ18O had a correlation R value with sampled stream 

temperature, stream discharge, 222Rn concentration, SPC, and canopy cover extent of 0.51, -0.34, 

0.04, 0.48, and -0.06, respectively. δ2H had a correlation R value with sampled stream 

temperature, stream discharge, 222Rn concentration, SPC, and canopy cover extent of 0.35, -0.31, 

0.04, 0.21, and 0.06, respectively (Bond & Hobson, 2012). 
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Figure 23. Stable Isotopes and the MWLs: Surface water δ2H, δ18O, the Global Meteoric 

Water Line (GMWL), Local Meteoric Water Line (LMWL) (Dores et al., 2020), trendline of all 

values with SPC <20,000 µS/cm and estuarine mixing line representing samples with SPC 

>20,000 µS/cm. Samples that are suspected to have been subject to evaporation are noted above 

the LMWL. 
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Figure 24. Stable Isotopes and Temperature: Surface water sampled δ2H and δ18O compared 

to temperature recorded at time and location of collection. 

 

 

Figure 25. Stable Isotopes and Radon: Surface water sampled δ2H and δ18O compared to radon 

concentration recorded at time and location of collection. 
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Figure 26. Stable Isotopes and Discharge: Surface water sampled δ2H and δ18O compared to 

stream discharge recorded at time of collection. 

 

3.9 Algae and Vegetation N & C Results 

 15 samples of vegetation and algae collected from the stream riparian zone and from 

underwater were analyzed for their δ15N and δ13C content. Most samples were mosses scraped 

from rocks in the stream (9 samples), though others were tree leaves (1 sample), submerged 

grasses (2 samples), or riparian zone grasses (3 samples). Pawaina Bridge (Site 3) returned the 

highest average δ15N/δ13C ratio of 0.097 in a sampled tree leaf, while the highest single sample 

of vegetation δ15N/δ13C ratio was returned for Mānoa District Park from a submerged grass 

sample with a δ15N/δ13C ratio of 0.11.  
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Table 5. Algae and Vegetation δ15N and δ13C Content Results 

Sample 

Site 

Date of 

Collect 

Sample 

ID 

Vegetation 

Type 

Weight 

(mg) 

N 

(µg) 

δ15N 

(‰ 

vs 

AIR) C  (µg) 

δ13C (‰ 

vs. 

VPDB) 

N 

(µmol) 

C 

(µmol) N/C  

Mānoa Tr 

Waihi 6/2/23 HP16 Rock moss 1.9958 42 -0.9 577.1 -35.6 3.0  48.0 0.1 

Mānoa Tr 

Waihi 9/18/23 HP17 Rock moss 1.9853 35.8 1.3 632.9 -33.8 2.6  52.7  0.0 

Mānoa Tr 

Waihi 5/17/23 HP18 Rock moss 2.0124 39.6 -0.2 518.3 -36.3 2.8 43.2  0.1 

Mānoa Tr 

Waihi 11/10/23 HP6 Rock moss 1.9346 31.3 -1.4 777.3 -32.2 2.2 64.7 0.0 

Wa’aloa 7/18/23 HP19 Rock moss 1.9864 43.2 5.6 437.8 -25.1 3.1 36.5  0.1  

Pawaina 11/10/23 HP11 Tree leaf 2.008 103 -0.2 912.1 -29.6 7.4 76.0 0.1 

Mānoa 

Dist. Park 11/10/23 HP14 

Submerged 

grasses 1.9969 70.1 6.7 796 -27.7 5.0 66.3 0.1 

Mānoa 

Dist. Park 12/6/23 HP15 

Submerged 

grasses 1.9991 92.6 6.6 756.8 -28.3 6.6 63.0 0.1 

Woodlawn 

/MIC 11/30/23 HP8 Grasses 1.9868 38.3 3.9 661.5 -13.3 2.7 55.1 0.0 

UH Tea 

Garden 11/30/23 HP2 Rock moss 2.0706 63.6 3.7 843.3 -30.9 4.5 70.2 0.1 

UH Tea 

Garden 11/9/23 HP3 Rock moss 2.056 43.1 7.4 836.1 -30.3 3.1 69.6 0.0 

UH Tea 

Garden 7/17/23 HP13 Rock moss 1.9973 11.7 7 114.3 -23.5 0.8 9.5 0.1 

Dole St 11/30/23 HP1 Rock moss 1.994 29.7 3.8 385.9 -28.8 2.1 32.1 0.1 

Kaimuki 

HS 11/8/23 HP7 Grasses 2.0553 82.3 1.8 924.8 -29.6 5.9 77.0 0.1 

Kaimuki 

HS 11/30/23 HP12 Grasses 1.9901 57.4 2.8 786.6 -21.8 4.1 65.5 0.1 
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Figure 27. Moss Isotopic Ratios: δ15N/δ13C ratio of submerged rock moss sampled and 

compiled by site. 

 

 

Figure 28. Moss δ15N: δ15N of submerged rock moss sampled and compiled by site.  



 42 

 

4. DISCUSSION 

 Project objectives were to characterize temporal and spatial stream temperature patterns 

as driven by stream hydrology factors and environmental characteristics. These objectives were 

aimed to be accomplished through: monitoring the temperature of the stream spatially and 

temporally, determining when and where surface runoff versus groundwater discharge 

dominated the stream’s characteristics via radon tracers, isotopic tracers, CECs, nitrogen, and 

rainfall and discharge data sources, quantifying canopy cover, quantifying urban impact, and 

quantifying the combined and individual effects of these aforementioned factors on stream 

temperature. 

 

4.1 Continuous Temperature Monitoring 

Data analysis of the 15-minute temperature records across the 10 sites collected by the 

HOBO sensors showed that the highest means and largest ranges in temperature occurred 

downstream at sites with the least vegetation and highest urbanization impact according to site 

urbanization impact ranking (Table 2). The heatmap (Figure 29) also shows where largest 

changes occurred between sites, specifically the 4 most upstream stations are strongly correlated 

(value of 0.97 - 0.99), but moving downstream to Mānoa District Park (Site 5a) and onward the 

correlation is still considered strong but weaker than upstream, indicating larger and less 

concurrent temperature fluctuations between nearby sites. Temperature patterns at Mānoa 

District Park (Site 5a) and Woodlawn Drive (Site 6a) are strongly correlated, and there’s a strong 

correlation between the UH Tea Garden (Site 7a) and Kanewai Community Park (Site 8a), but 

correlation between other sites are weaker as the stream reaches the UH Tea Garden (Site 7a) 

and further downstream. Correlation is at its lowest at 0.67 between the upstream USGS Gage 

(Site 2a) and downstream Koali Rd (Site 9a) sites. Notably, this corresponds with canopy 

coverage trends, as sites with similar canopy coverage extents of over 55% were most strongly 

correlated with each other according to this heatmap, and sites with low canopy coverage (such 

as Koali Road) held weaker correlations with all other sites. This indicates that canopy cover is 

likely a major driver of stream temperature regulation. 
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Figure 29. HOBO Heatmap: Correlation heatmap of HOBO temperature records (April, 2023 

to March, 2024). 

 

 The largest range in temperature was observed at Koali Rd (Site 9a), ranging from the 

lowest observed temperature of 16.76℃ to the highest observed temperature of 33.40℃. This 

was also the site characterized as the most urban impacted (Table 2), with the lowest average 

canopy cover (0%). This site is characterized by its long concrete streambed as it converges the 

Pālolo and Mānoa streams. It is surrounded by infrastructure, namely parking lots and urban 

neighborhoods, and there is no riparian zone, only concrete walls. This site is also riddled with 

trash pollution and has the highest urban impact rating.  

 The smallest range in temperature was conversely observed upstream at the Luaʻalaea 

Stream HOBO (Site 3a). Temperatures here ranged from a minimum of 18.38°C to a maximum 

of 23.16°C. This site was characterized as one of the least urban impacted areas, with dense 

vegetation and canopy coverage (Figure 22). Site 1a, Site 2a, and Site 4a maintained similar 
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average temperatures and ranges. All four of these sites had low urban impact ratings and three 

out of these four sites had similarly high canopy coverage extent (≥ 55%).  

 These results align with hypothesized trends and results from similar stream studies 

involving the influence of the Urban Heat Island Effect (Environmental Protection Agency, 

2024). One study found that stream temperature surges of over 3.5°C most frequently occurred at 

urbanized sites, even reaching a > 7°C surge increase within a few hours (Nelson & Palmer, 

2007). This same study concluded that headwater streams are likely more pervasively impacted 

by urbanization than by climate change, although both stressors reinforce each other’s effects 

(Nelson & Palmer, 2007). A second study found similar results that indicated that impermeable 

surface coverage in a stream influenced stream temperatures at stream buffer and sub-catchment 

spatial scales and at daily, weekly, and monthly scales, as well as render the idea of an 

equilibrium temperature obsolete for stream temperature prediction (Rice et al., 2011). 

Compounding this knowledge with results from my own study, it is suggested that urbanization 

is likely a significant driver of stream temperature. 

 

4.2 Electrical Resistivity  

 Highly resistive layers were identified in the ER images of both sites but with significant 

differences in the thickness of these layers at 0.5 m at Mānoa District Park and 1.5 meters at UH 

Tea Garden, respectively. The high resistivity layers (red in Figure 15) are not continuous with 

“blobs” at UH Tea Garden and a thinner, more continuous layer at Mānoa District Park; these 

probably represent and are influenced by the streambed. Visual inspection of the streambeds 

reveal smaller pebbles and well-packed sediment at Mānoa District Park as opposed to large 

boulders creating fast flowing pockets of deeper water at the UH Tea Garden. The low resistivity 

layer (<50 Ohm-m, blue and green on Figure 15) may be water saturated basalt or sediment and 

frequently extends to the surface in between the resistive portions. This is more obvious at the 

UH Tea Garden site and suggests a possibility of hyporheic exchange or connection to 

groundwater beneath the streambed (vis 9, 20, 27, 29, 35 m along the transect). This connection 

is clearly present at ~20-22 m of the transect but less pronounced at the rest of the Mānoa 

District Park line. 
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4.3 CEC Concentrations and δ15N 

Waʻaloa Way (Site 2) and Pawaina Bridge (Site 3) had positive results for CAF, and 

these sites are known to be situated near a large, concentrated cluster of on-site sewage disposal 

systems (Figure 30) (Hawaiʻi Statewide GIS Program, 2021). CAF was also detected once at 

Mānoa Trail - Waihi (Site 1), which was unexpected given its isolation from obvious urban 

sources of contamination, however, it is treated as an outlier. Most importantly, 72% of positive 

CAF samples were returned from downstream urban sample sites, such as Dole Street Bridge 

(Site 7), Kaimuki High School (Site 8), Date Street Bridge (Site 9), and the Ala Wai Estuary 

(Site 10). 100% of CBZ positive samples were found in downstream urban areas (Kaimuki High 

School (Site 8), Date Street Bridge (Site 9), and the Ala Wai Estuary (Site 10). CAF consistently 

tested positive at these sites, regardless of temperature, discharge, and specific conductance 

conditions, however, CBZ most frequently tested positive at these locations during times of low 

stream discharge, high temperatures, or high radon concentrations. This may be due to higher 

stream discharge water diluting the CAF and CBZ concentrations with influence from cleaner 

rainwater. The rainwater input would then, in turn, decrease stream temperature and dilute radon 

concentrations. Thus, large rainfall inputs cause concentrations of contaminants like CAF and 

CBZ to decrease as they are diluted. This information is also important in that it links 

groundwater input with contamination input in the stream. CECs were not commonly detected 

during times of high discharge, which tells us groundwater is likely the source of these 

contaminants. While CECs are becoming widely used as tracers to anthropogenic wastewater 

inputs via groundwater exchange, there remain limitations to utilizing them as tracers in surface 

water. For example, the solitary CAF detected at Mānoa Trail - Waihi (Site 1) is unlikely to be 

linked to a contaminated groundwater source, since there are no on-site sewage disposal systems 

in the vicinity and is more likely attributable to direct surface water contamination from a 

person(s) on the trail. In future studies, I suggest the use of more than two CEC tracers linked to 

wastewater effluent in order to better determine where wastewater is reaching within 

groundwater and where there may be surface water contaminant contribution. 
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Figure 30. On-Site Sewage System Map: On-site sewage disposal system map of urban 

Honolulu and sampling site locations (blue vectors). Concentrated clusters of septic systems 

around the Mānoa Stream are circled with a radius of 0.35 km (Hawaiʻi Statewide GIS Program, 

2021). 
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The highest δ15N among vegetation and algae samples were returned for Pawaina Bridge 

and Mānoa District Park. As observed from Figure 30, both of these sites were immediately 

downstream from two clusters of on-site sewage disposal systems. Other studies have shown 

similar trends, with increased levels of δ15N found in the tissues of plants located downstream of 

wastewater effluent systems (Coleman, 2007). Due to increased exposure of δ15N enriched 

wastewater, plants may take up increased amounts of heavy nitrogen. There are some limitations 

to this discovery, however, as not all of the vegetation/algae samples in my collection were of the 

same species or vegetation type. Also, due to physical limitations prohibiting access to the 

stream directly in some sampling locations, some vegetation samples had to be collected from 

next to the stream, rather than within the stream. In future studies, I suggest uniformity in 

vegetation collection for δ15N analysis in order to more accurately assess the differences in δ15N 

content within the plants at different sites. 

 We predicted that there would be elevated concentrations of contaminants of emerging 

concern and elevated δ15N in waters sampled in the most urbanized areas downstream, as there 

would be less porous surfaces for contaminants to degrade within before reaching the stream 

water and more contamination sources. Higher temperatures can also influence nitrogen 

transformations and increase the retention or release of nitrogen species, hence the elevated δ15N 

in the hotter, urbanized areas downstream. One study found that as global temperatures and 

freshwater ecosystem depositions of nitrogen are expected to increase in coming decades, 

enhanced denitrification processes are predicted (Velthuis & Veraart, 2022). Results from CBZ 

analysis support this hypothesis, as CBZ contamination was only found downstream at sites with 

high urban impact ratings. However, CAF was also detected upstream near clusters of on-site 

sewage disposal systems, and the highest plant δ15N/δ13C ratios were also found upstream near 

these on-site sewage disposal system clusters. These results indicate that wastewater 

groundwater contamination into the stream occurs throughout the whole stream, and since 

average temperature of each stream reach varies, this groundwater contribution is likely not a 

significant driver of temperature. Otherwise, one would expect consistent cooler stream 

temperatures throughout the entire length of the stream since it is influenced by cool waste-

tainted groundwater in both upstream and downstream locations. These results do open the door, 

however, to larger discussions of sources of water quality degradation beyond temperature 

changes in streams that run through urban development. 
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4.4 Radon and In-Situ Water Parameters 

We had hypothesized that locations with frequently elevated radon levels above 

background level and cooler temperatures will point to nearby groundwater seeps (Burnett et al., 

2006). We also hypothesized that cool stream temperatures with low radon levels would likely 

point to the increased influx of precipitation runoff across all sites.  

Among the fourteen samples with high average 222Rn concentrations greater than 122 

Bq/m³ (this being the average 222Rn concentration of 56 Bq/m³, plus one standard deviation of 66 

Bq/m³), temperature was recorded as being between 18 - 30.2°C, and stream discharge was 

recorded at 0.06 - 0.69 m³/s. Three high radon concentrations were found at Mānoa Tr Waihi 

(Site 1), in five samples collected at Waʻaloa Bridge (Site 2) (which is also where the extreme 

outliers were found), four were found at Mānoa District Park (Site 4), one was found at Date St 

Bridge (Site 9), and one was found at the Ala Wai Estuary (Site 10). 

Among the nineteen samples taken at stream high temperatures greater than or equal to 

25.94°C (this being the average of 22.93°C, plus one standard deviation of 3.01°C), most 

samples were from downstream urban areas (Kaimuki High School (Site 8), Date Street Bridge 

(Site 9), and Ala Wai Estuary (Site 10)), with the exception of two samples taken at 

Woodlawn/Mānoa Innovation Center (Site 5), and all samples had a discharge rate between 0.08 

- 0.31 m³/s, and 222Rn concentration between 4 - 130 Bq/m³. Among nineteen low temperature 

samples less than or equal to 19.92oC (this being the average of 22.93°C, minus one standard 

deviation of 3.01°C), four were from Mānoa Tr Waihi (Site 1), two were from Wa’aloa Bridge 

(Site 2), three were from Pawaina Bridge (Site 3), two were from Mānoa District Park (Site 4), 

two were from Woodlawn/Mānoa Innovation Center (Site 5), one was from UH Tea Garden 

(Site 6), one was from Dole St Bridge (Site 7), two were from Kaimuki High School (Site 8), and 

two were from Date St Bridge (Site 9). Thus, low temperatures were more commonly found 

along the entire length of the stream than high temperatures. These results suggest that stream 

ecology with narrower thermal tolerance limits may face bigger issues downstream where there 

is a wider range in stream temperatures, rather than upstream. Among nineteen samples less than 

or equal to 19.92oC, all samples had a discharge rate between 0.06 - 1.08 m³/s, and 222Rn 

concentration between 3 - 280 Bq/m³.  

 High discharge of over 0.88 m³/s (average of 0.34 m³/s, ± 0.54 m³/s standard deviation) 

was noted on 6 occasions; one from Pawaina Bridge (Site 3), two from Mānoa District Park (Site 
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4), one from Woodlawn/Mānoa Innovation Center (Site 5), one from Date St Bridge (Site 9), and 

one from the Ala Wai Estuary (Site 10). Among these six samples, all samples had a temperature 

between 17.7 - 23oC, and 222Rn concentration between 3 - 91 Bq/m³. Thus, high discharge was 

associated with low-to-average temperatures and low-to-average 222Rn concentrations. High 

discharge was never associated with high temperatures (>25.94°C) or high 222Rn concentrations 

(>122 Bq/m³). This remains evident from sites upstream (Site 3) all the way downstream (Site 

10). 

 Conversely, examining the 6 samples with the lowest discharge (< 0.06 m³/s), 222Rn 

concentrations ranged from 8 - 175 Bq/m³, and temperature ranged from 22.5 - 24.6 oC. Thus, 

according to this data alone, low discharge is associated with any sampled concentration of 222Rn 

and with average temperatures. These 6 sites of lowest discharge were found at Mānoa Trail 

Waihi (Site 1), Pawaina Bridge (Site 3), Mānoa District Park (Site 4), UH Tea Garden (Site 6), 

and Dole Street Bridge (Site 7).  

 A correlation test between 222Rn concentrations by site and related site-specific Urban 

Impact Rating scores resulted in a weak negative Pearson correlation of R = -0.18. A second 

Pearson correlation test between in-situ temperature records and site-specific Urban Impact 

Rating scores resulted in a moderate-to-good positive correlation of R = 0.52. A third correlation 

test between in-situ temperature records by site and 222Rn by site resulted in the weakest 

correlation of R = -0.09. A fourth correlation test between site average HOBO temperatures and 

Urban Impact Rating scores resulted in a strong positive correlation of R = 0.92. These results 

suggest that stream temperature is not strongly driven by groundwater input. Urban impact 

appears to have a stronger influence. These results also suggest that urban impact is unlikely to 

strongly affect radon input into this stream. A limitation of this analysis, however, is that 222Rn 

may simply not be diffusing as rapidly at some more urban impacted sites because there is less 

aeration due to a smooth concrete streambed. In future studies, I suggest analyzing this aspect by 

testing water of a stream that runs from low impact zones, into an urbanized area, and out again 

into low impact zones. 

 Utilizing FINIFLUX and 222Rn as a tracer, I calculated the relative input of groundwater 

influx into the stream at each of the 10 sites over the course of a year. Depending on various 

characteristics of a stream, such as its baseflow conditions and underlying geology, studies have 

shown that groundwater influx to streams can vary from as little as 0.5% to 100% (Campodonico 
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et al., 2015) (Cartwright & Gilfedder, 2015) (Adyasari et al., 2023). Similar to other studies, I 

marry my 222Rn analysis with other hydrogeological analytical approaches, such as electrical 

conductivity, other geochemical tracers, and of course, temperature as a groundwater tracer, in 

order to accomplish the most robust results (Adyasari et al., 2023). 

While FINIFLUX results and calculations showed a range of groundwater inflow 

percentages from 8% to 91% of total stream water, there were no strong correlations (“strong 

correlation” defined as above 0.7 or below -0.7) between temperature changes of each sample 

site and groundwater inflow. This further solidifies the lone radon analysis conclusions that 

groundwater inflow likely had little influence on the temperature of the stream, and that other 

factors, such as effects of shade and human infrastructure possibly play a larger role in 

controlling the stream temperature. These results were limited in their scope, however, as 

FINIFLUX assumes that all samples of a given set were collected under the same conditions. 

This was not the case, as my monthly sets were collected over a span of several days due to time 

and assistance limitations. In future endeavors, I would bear this in mind when selecting 

sampling days and prepare with more RAD7s available such that all 10 sampling sites can be 

analyzed in one day. It is also important to bear in mind that groundwater-surface water 

interactions are dynamic in both time and space (Irvine et al., 2024), and more frequent sampling 

at more locations along the stream could assist in minimizing such analytical limitations.  

Additionally, this project monitored specific conductance as a supplementary parameter 

of stream health, as increases in specific conductance in freshwater streams can point to 

groundwater and/or pollutant influx (Wenner et al., 2003). As noted in Table 3, the median 

specific conductivity of the stream increased steadily moving from upstream to downstream by 

13.83 µS/cm, excluding sites 9 and 10 as those were more tidally impacted estuarine locations. 

As similarly found in other studies, elevated conductivities almost certainly point to the presence 

of pollutants (Wenner et al., 2003). This increase in specific conductivity from upstream to 

downstream also aligns with the increase in CECs found upstream to downstream. This specific 

conductivity increase may, in part, be attributable to the increase in caffeine and carbamazepine 

contamination to the stream from cesspools, but also potentially attributable to fertilizer input 

from surface runoff as urban development of homes with yards increases moving downstream 

(Diebel & Zanden, 2009). Concentrations of many contaminants in groundwater can be orders of 

magnitude higher than in surface waters, thus even minimal inputs of groundwater can act as a 
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significant contamination flux (Conant, 2004). Since groundwater input did not increase from 

upstream to downstream, this specific conductance increase is possibly attributable to an increase 

in contaminant concentrations rather than an increase in the amount of groundwater inflow. 

 

4.5 Canopy Cover 

 We had predicted that biotic factors, such as canopy cover, would noticeably correlate 

with stream temperature variations, assuming that higher canopy cover would be correlated with 

consistently cooler parts of the stream. We also predicted that waters upstream would remain 

cooler year-round than waters downstream due to the temperature control of increased 

vegetation/canopy cover. Results supported this hypothesis, as average yearly temperature at 

each HOBO site was negatively correlated with canopy coverage at each HOBO site with an R = 

-0.83. Thus, as canopy coverage decreased, temperature averages increased. This data continues 

to support our hypotheses detailing the important interlinkage of urbanization’s impact on stream 

temperature. These results also point to canopy coverage as likely a strong determinant of stream 

temperature. Riparian vegetation can provide shade to a stream and trap cool air around it, while 

exposed channels may have offsetting increases in evaporative heat loss (Beschta, 1997) 

(Johnson & Jones, 2000). Thus, vegetation can act as a stream temperature insulator. Should the 

destruction of natural canopy coverage continue for this stream, increased temperatures and 

temperature swings from solar exposure are anticipated, which could prove destructive for 

ecosystem integrity. These results are also supported with the results of urban impact influence, 

as the sites with lowest canopy cover also had the highest urban impact ratings and had defining 

anthropogenic characteristics, such as a concrete stream bed and little to no riparian zone. 

Similar studies have also found that in many degraded streams, downstream warming has been 

exacerbated by changes in channel morphology and riparian conditions that alter vital natural 

temperature buffers and insulating processes (Adams & Sullivan, 1989) (Zwieniecki & Newton, 

1999) (Poole & Berman in press).  

These results, however, are limited, as canopy coverage was only assessed once at each 

site in March, 2024 with a total of 30 evaluations (approximately 3 evaluations per site). In 

future studies, I suggest reassessment of canopy coverage in both the rainy and dry season and a 

supplemental comparison of average stream temperature at each site during each season. This 
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correlation, however, is among the strongest in this study, thus pointing to canopy coverage as a 

significant driver of stream temperature. 

 

4.6 Water Stable Isotopes 

 I utilized an isotopic mass balance equation to investigate the extent of groundwater-

surface water mixing through conservative isotopic tracers. The fraction of surface runoff from 

individual rain events and groundwater can be calculated using Eq.2 after Cook, (2020): 

(Equation 2.) 

Ὢ ὭίέὸέὴὩ‏  ὭίέὸέὴὩ‏  ὭίέὸέὴὩ‏   ὭίέὸέὴὩ‏  

 

Where: 

 ὭίέὸέὴὩ  = isotopic ratio of the mixed stream water‏

 ὭίέὸέὴὩ = isotopic ratio of the rainwater‏

ὭίέὸέὴὩ‏
 
= isotopic ratio of the groundwater  

Ὢ = fraction of groundwater in the mixture 

1 - Ὢ = fraction of rain in the mixture 

 

Using equation 1, I compared rain δ2H and δ18O collected at Lyon Arboretum throughout 

2023 (Torri, unpublished data), δ2H and δ18O from stream surface water samples collected on the 

same day, and groundwater δ2H and δ18O stable isotope ratios reported in this aquifer (Dores et 

al., 2020) to calculate the proportion of rain and groundwater input to the stream.  Using this 

approach, I was able to analyze three different weather/stream conditions (an especially rainy 

day, a drier day, which still received some precipitation at Lyon Arboretum, and a day with 

discharge between these two) and what their effect is on temperature.  

 On February 17th, 2023 a low pressure system dropped significant rainfall over 

Honolulu, causing the mean daily stream discharge to be 0.43 m³/s. 29.43 mm of rainfall was 

recorded at Lyon Arboretum for this day. Precipitation isotopic composition at Lyon Arboretum, 

stream surface water composition sampled just downstream at Pawaina Bridge (Site 3) and 

published groundwater values were used in equation 1. For δ18O values, the calculated 

groundwater fraction of the stream was approximately 34%. For δ2H values, the calculated 

groundwater fraction in the stream was approximately 39%. This indicates that rain input 
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strongly influenced stream isotopic composition. Stream temperature recorded during sampling 

at Pawaina Bridge was the site’s coolest on record, at 18.4 oC. A similar study in Hawaiʻi noted 

that rainfall appeared to be characterized by lower values of δ2H and δ18O during the wet season 

than the dry season and was noted on other Hawaiian islands as well (Torri et al., 2023). 

 

Table 6. February 17th, 2023, Water Sample Isotopic Compositions 

Groundwater  

δ18O 

Groundwater 

δ2H  

Lyon 

Rain 

δ18O 

Lyon Rain 

δ2H 

Pawaina Br 

Stream δ18O 

Pawaina 

Br 

Stream 

δ2H 

δ18O 

Calculated 

groundwater 

input 

δ2H 

Calculated 

groundwater 

input 

-3.02 -11 -6.0 -37.1 -5 -26.9 34% 39% 

 

 The same calculation was performed for a day that received less rain. July 17th, 2023, 

was a much drier day, with mean daily stream discharge being just 0.08 m³/s and precipitation of 

approximately 1.52 mm. For δ18O values, calculated groundwater input to the stream was 

approximately 68% of water composition, double that of the rainy day in February. For δ2H 

values, calculated groundwater input to the stream was approximately 52% of water 

composition, 13% more than that of the rainy day in February. This indicates that groundwater 

input strongly influenced stream isotopic composition on the less rainy day, which was 

anticipated. Stream temperature at the time of sampling at this location was 22 oC, one degree 

cooler than June and August samples here, when temperatures are typically warmer in July than 

in June. This also indicates that during the dry season, the stream is mainly supplied by cool 

groundwater inputs which can influence the temperature and isotopic composition of the stream, 

as well as potentially contribute contaminants from underground. 

 

Table 7. July 17th, 2023, Water Sample Isotopic Compositions 

Groundwater  

δ18O 

Groundwater 

δ2H  

Lyon 

Rain 

δ18O 

Lyon 

Rain 

δ2H 

Pawaina 

Br Stream 

δ18O 

Pawaina 

Br Stream 

δ2H 

δ18O Calculated 

groundwater 

input 

δ2H Calculated 

groundwater 

input 

-3.02 -11 -1.7 0.8 -2.6 -5.3 68% 52% 
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 The same calculation was performed a third time for a day with more intermediate 

conditions. September 7th, 2023, had a mean daily stream discharge of 0.13 m³/s, and though 

rainfall was not recorded on this day, average rainfall from the preceding week was 8.93 

mm/day. This time, rain isotope samples from Lyon Arboretum were compared to stream surface 

isotopes sampled further downstream at Dole Street Bridge and Kaimuki High School (Sites 7 

and 8). For δ18O values, calculated groundwater input to the stream was approximately 53% of 

water composition at both Dole Street Bridge and Kaimuki High School. For δ2H values, 

calculated groundwater input to the stream was approximately 61% of water composition at Dole 

Street Bridge, and 55% of water composition at Kaimuki High School (Table 8). The recorded 

temperature at time of sampling was 25.8 oC at Dole Street and 28.3 oC at Kaimuki High School. 

These were the hottest temperatures recorded for these sites during sampling. These results 

indicate that despite the isotopic composition of the stream this day half being controlled by 

groundwater and half by precipitation, the temperature of the stream was not strongly influenced 

by these two factors. Seasonal heating, with September 7th, 2023, reaching a high air 

temperature of 32oC was more likely the cause for the high stream temperature (Timeanddate, 

2024). This may prove detrimental to life attempting to survive in this ecosystem as climate 

change further increases the intensity of seasonality heat. This also indicates that groundwater 

influx may not have as strong of an effect on driving the stream temperature as other factors, 

such as seasonal air temperature.  

 

Table 8. September 7th, 2023 Water Sample Isotopic Compositions 

Groundwater  

δ18O 

Groundwater 

δ2H  

Lyon 

Rain 

δ18O 

Lyon 

Rain 

δ2H 

Dole St 

Br Stream 

δ18O 

Dole St 

Br Stream 

δ2H 

δ18O 

Calculated 

groundwater 

input 

δ2H Calculated 

groundwater 

input 

-3.02 -11 -1.7 1.2 -2.4 -6.2 53% 61% 

Groundwater  

δ18O 

Groundwater 

δ2H  

Lyon 

Rain 

δ18O 

Lyon 

Rain 

δ2H 

Kaimuki 

HS 

Stream  

δ18O 

Kaimuki 

HS 

Stream 

δ2H 

δ18O 

Calculated 

groundwater 

input 

δ2H Calculated 

groundwater 

input 

-3.02 -11 -1.7 1.2 -2.4 -5.5 53% 55% 
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This study found, however, that outside of rain events, stream δ18O and δ2H signatures 

did not perfectly match those identified in groundwater as determined by Dores et al. (2020). 

While Dores et al. (2020) suggested groundwater endmember δ18O and δ2H values of -3.02 and -

11.00, respectively, stream baseflow δ18O and δ2H values were -2.42 and -4.63. These baseflow 

isotope values should mirror groundwater endmember. I calculated these average stream values 

from dates in which there was less than 10mm in precipitation, discharge at sampling time was 

less than 0.11 m³/s, temperatures were between 19oC to 28oC. I also did not use losing reaches 

(sites 6-7), and downstream waters subjected to increased evaporation and estuarine mixing 

(sites 8-10). This methodology allowed me to observe the typical isotopic signature of the stream 

when and where it was fed by only groundwater. However, these baseflow derived groundwater 

end-member values were sometimes heavier than stream isotopic composition resulting in 

groundwater percentages greater than 100% on my drier and intermediate days, observed in 

Table 9. This indicates that the true groundwater endmember isotopic signature may vary 

spatially and temporally in the watershed. It also may mean that not all rain input was accounted 

for given only one upstream gage was used. More research directly sampling the groundwater 

spatially and temporally in the watershed would be needed to more accurately estimate the true 

groundwater endmember isotopic signature. 
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Table 9: Readjusted Water Sample Isotopic Compositions 

2/17/23 

Groundwater  

δ18O 

2/17/23 

Groundwater 

δ2H  

2/17/23 

Lyon 

Rain 

δ18O 

2/17/23 

Lyon 

Rain 

δ2H 

2/17/23 

Pawaina 

Br Stream 

δ18O 

2/17/23 

Pawaina 

Br Stream 

δ2H 

2/17/23  

δ18O 

Calculated 

groundwater 

input 

2/17/23 δ2H 

Calculated 

groundwater 

input 

-2.42 -4.63 -6.0 -37.1 -5 -26.9 28% 31% 

7/17/23 

Groundwater  

δ18O 

7/17/23 

Groundwater 

δ2H  

7/17/23 

Lyon 

Rain 

δ18O 

7/17/23 

Lyon 

Rain 

δ2H 

7/17/23 

Pawaina 

Br Stream 

δ18O 

7/17/23 

Pawaina 

Br Stream 

δ2H 

7/17/23  

δ18O 

Calculated 

groundwater 

input 

7/17/23  

δ2H Calculated 

groundwater 

input 

-2.42 -4.63 -1.7 0.8 -2.6 -5.3 125% 112% 

9/7/23 

Groundwater  

δ18O 

9/7/23 

Groundwater 

δ2H  

9/7/23 

Lyon 

Rain 

δ18O 

9/7/23L

yon 

Rain 

δ2H 

9/7/23 

Dole St 

Br Stream 

δ18O 

9/7/23 

Dole St 

Br Stream 

δ2H 

9/7/23 

δ18O 

Calculated 

groundwater 

input 

9/7/23 

δ2H Calculated 

groundwater 

input 

-2.42 -4.63 -1.7 1.2 -2.4 -6.2 97% 127% 

9/7/23 

Groundwater  

δ18O 

9/7/23 

Groundwater 

δ2H  

9/7/23 

Lyon 

Rain 

δ18O 

9/7/23 

Lyon 

Rain 

δ2H 

9/7/23 

Kaimuki 

HS 

Stream  

δ18O 

9/7/23 

Kaimuki 

HS 

Stream 

δ2H 

9/7/23  

δ18O 

Calculated 

groundwater 

input 

9/7/23  

δ2H Calculated 

groundwater 

input 

-2.42 -4.63 -1.7 1.2 -2.4 -5.5 97% 115% 
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Figure 31. δ18O of Various Sources and Temperature: Pawaina Bridge site stream δ18O, Lyon 

Arboretum rain δ18O, groundwater δ18O (Dores et al., 2020), and temperature recorded at 

Pawaina Bridge, by date. 

 

 Additionally, while there were only three overlapping sample dates with precipitation 

isotope calculation dates, I calculated a Pearson correlation coefficient between the stream 

temperature at Pawaina Bridge and corresponding results for rain δ18O, which provided an R = 

0.89, a strong positive correlation. This correlation, however, has a sampling population so small 

that it alone cannot conclude statistical significance. For future studies, I recommend 

concurrently monitoring rainwater isotopes sampled on the same day as stream water sampling 

events, such that there will be more overlapping data to compare. Relying on an outside source 

for daily data may result in data gaps, as was seen here.  

Amid climate change, Hawaiʻi is expected to receive less rainfall in the coming years 

(State of Hawaiʻi Climate Change Portal, 2024). This will mean that the isotopic concentrations 

of water will primarily reflect an increase in groundwater proportion to the stream yet due to 

predicted decreasing groundwater levels, overall streamflow may decrease as well. Temperature 

in the stream will shift toward groundwater, air temperature, and canopy coverage control, rather 

than consistent rainwater influence. Restricting groundwater inflow to a stream by converting a 
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natural stream bottom to impermeable concrete will result in potential changes in groundwater 

influx to portions of the stream, and subsequently the stream temperatures will reflect influence 

from solar heat and canopy coverage extent. Climate change also anticipates Hawaiʻi to see 

precipitation occur in extreme events when it does occur, such as in large storms (State of 

Hawaiʻi Climate Change Portal, 2024). This will strongly and temporarily influence the isotopic 

signature of the stream, as noted by the February 17th, 2023, storm’s influence. This will also 

quickly alter the stream temperature temporarily toward a more moderate temperature, as found 

in Figure 12 with rain decreasing stream temperature toward average in the summer and 

increasing stream temperature toward average in the winter. For some life in the stream, 

consistent temperature regimes will be more ideal than rapidly changing stream temperatures. 

Thus, while the global scale of climate change’s future remains uncertain and in the hands of 

international legislation, it is crucial in the meantime that the local development around this 

stream is restored to more natural conditions such that stream temperature can remain consistent 

and water quality remains healthy.  

 

4.7 Relationships Between Parameters 

I standardized my stream temperature, groundwater inflow calculations, precipitation 

records, canopy cover percentage, urban impact ratings, and recorded air temperature datasets 

(University of Hawaiʻi at Mānoa, 2024). Utilizing Excel’s XLSTAT data regression analytics 

tool to run a partial least squares regression analysis of these parameters, I was provided a 

correlation matrix of stream temperature with: air temperature of R = 0.65, urban impact of R = 

0.43, canopy cover of R = -0.37, precipitation of R = -0.31, and groundwater inflow of R = -0.29. 

The relationships between these variables and stream temperature are displayed in Figure 32. As 

anticipated, air temperature held the strongest weight on stream temperature. However, urban 

impact and canopy cover closely followed, then precipitation, and lastly groundwater inflow. 

This partial least squares regression analysis further confirmed the results from the individual 

Pearson correlation tests I ran between stream temperature and these variables. Thus, these 

results indicate that local urbanization coupled with the destruction of riparian canopy cover both 

play a crucial role in stream temperature regulation, and a changing stream temperature will also 

be compounded by the effects of a changing climate. 
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Figure 32: XLSTAT Partial Least Squares Regression Output: Independent variables (Air 

Temperature, Urban Impact, Canopy Cover, Precipitation, and Groundwater Inflow) versus 

dependent variable (Stream Temperature). 

  



 60 

 

5. CONCLUSION 

The goal of this study was to develop a deeper understanding of the hydrological and 

anthropogenic drivers of stream temperature. Among the parameters measured, the strongest 

driver was concluded to be canopy coverage, followed closely by urban development in and 

around the stream, rain/seasonal rain, and lastly, groundwater inflow. 

Temperature was strongly negatively correlated with canopy cover. The known cooling 

effects of shading play a vital role in driving the temperature of this stream, as evidenced by the 

large change in temperature ranges at sites with little to no canopy cover. Effects of canopy 

cover alterations were compounded by the effects of urban impact. The most urban impacted site 

had the same lack of canopy cover as the second most urban impacted site yet had a slightly 

larger range in temperature fluctuations and higher average temperature. Should the trends of my 

data persist, and should there be continued riparian vegetation removal around this stream and 

the construction of structures such as concrete stream beds and banks, the water quality is 

expected to degrade more quickly than from changes in groundwater inflow, climate change, or 

precipitation changes alone.  

Seasons (wet and dry)/seasonal rains do appear to quickly and temporarily change the 

isotopic signature of the stream, however, rain appears to more likely be a temperature moderator 

in Hawaiʻi than a significant driver toward extreme cold or hot stream temperatures. During 

summer months, rainfall events have been shown to drive stream temperature down toward 

yearly average, and in winter events, drive stream temperature back up toward yearly average. 

As climate change experts anticipate, Hawaiʻi will receive less rain overall, and will most likely 

incur extreme precipitation events when it does receive rain, the stream will face more extreme 

temperature swings from less rain and less consistency. This means a continued degradation of 

water quality and could push some stream biota past their thermal limits. This may result in a 

loss of some native species unable to adapt and the infiltration of invasive species more equipped 

to handle thermal swings. 

Lastly, groundwater inflow appeared to contribute to the contamination of the stream 

contents, but this study did not show it having significant effects on driving stream temperature. 

Utilizing caffeine, carbamazepine, specific conductivity, and nitrogen as groundwater tracers, it 

was concluded that leaking septic tanks and cesspool contamination contributed to the 

degradation of water quality moving downstream to more urbanized areas. Results found an 
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increase in all four of these parameters as sampling moved downstream. The increase in δ15N 

and N:C ratios may also be partially attributable to increased denitrification processes 

downstream from increasing temperatures (Velthuis & Veraart, 2022). While the state of Hawaiʻi 

has initiatives in place to upgrade municipal septic systems to new codes and eradicate 

cesspools, these initiatives aren’t set to be completed until 2050, in which time more 

urbanization may occur around the stream as Honolulu continues to grow (Helfner, 2022). 

Utilizing radon as a groundwater tracer and modeling groundwater contribution to streamflow in 

FINIFLUX, changes in groundwater inflow percentage reach-by-reach and month-by-month 

were not strongly correlated with any changes in temperatures. Thus, it is more likely that stream 

temperature is more heavily controlled by canopy coverage, urban impact, and temporarily by 

rain events. These groundwater inflow results were limited, however, as ideal sampling protocols 

for FINIFLUX analysis were not possible at this time.  

Findings from this study will, hopefully, not just contribute to the water quality and 

surrounding ecosystem health of the Mānoa Stream, but also be applicable to similar streams 

statewide and yonder. As human innovation and population continues to progress, it is vital that 

we concurrently safeguard our environment. Water quality degradation has the possibility of 

spelling a cascade of ecological failures, and expanding our knowledge of hydrogeological 

influence may hopefully contribute to the safeguarding of the Mānoa Stream and beyond.  
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6. APPENDIX 

Table 10. Site Characterization 

Sample 

Site 

Site Location Canopy 

Cover/ 

Vegetation 

Streambed 

Alteration 

Signs of 

Life 

Urban 

Impact 

Ranking 

(1-10) 

Notes 

Mānoa 

Trail - 

Waihi 

1 Furthest 

upstream, 

(21.33549,   

-157.80003) 

Heavily 

shaded, 

dense 

vegetation 

Unaltered, 

natural 

streambed 

with boulders 

Heavy 

presence 

of insects, 

stream life 

like 

crayfish, 

and birds 

1 (Least 

impacted) 

Likely the least 

human impacted 

site, requires a 

15-minute hike 

through the forest 

to reach. Water is 

slow moving. 

Wa’aloa 

Way 

2 Upstream, 

(21.32821,   

-157.80009) 

Dense 

canopy cover 

immediately 

downstream, 

some 

vegetative 

shade just 

upstream, no 

vegetation 

under the 

bridge 

Site itself is 

surrounded by 

a concrete 

bridge, but 

base of the 

stream is 

lined with 

small rocks 

with 

opportunity 

for hyporheic 

exchange 

Heavy 

presence 

of ducks 

and birds, 

insects, 

and some 

small fish 

and 

crayfish 

just 

beyond the 

bridge site 

2 Bridge site but 

can be accessed 

at the streambed 

provided correct 

conditions. Water 

slow moving in 

drier months, 

rushing in rainy 

season. 
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Table 10. Site Characterization (Continued) 

Sample 

Site 

Site Location Canopy 

Cover/ 

Vegetation 

Streambed 

Alteration 

Signs of 

Life 

Urban 

Impact 

Ranking 

(1-10) 

Notes 

Pawaina 

Bridge 

3 Upstream, 

(21.32320,   

-157.80261) 

Moderate 

canopy 

coverage 

upstream of 

sample site, 

bridge shade 

just before 

sample site, 

open air 

above sample 

site. 

Site itself has 

a concrete 

streambed, 

but 30 meters 

on either 

upstream or 

downstream 

side has a 

natural 

streambed 

Concrete 

streambed 

does not 

allow for 

vegetation 

directly 

growing at 

sample site, 

but small 

fish present 

and 

vegetation 

growing on 

the sides of 

the stream 

4 Bridge site, only 

accessible via 

bucket and rope 

method. 

Typically cool 

waters. Stream 

runs through a 

neighborhood. 

Water is typically 

shallow and 

quickly moving. 

Mānoa 

District 

Park 

4 Center 

stream, 

(21.31362,   

-157.8065) 

Little canopy 

cover 

upstream or 

downstream 

for shade. 

Stream banks 

lined with 

grass and 

long thick 

grasses, as 

well as a tall 

wall. 

Streambed 

lined with 

small rocks 

compacted 

and seemingly 

unnatural.  

Small 

gobies, 

catfish, and 

crayfish.  

5 Likely human 

altered, runs 

parallel to a line 

of houses with 

drainage pipes 

leading to the 

stream, and a 

baseball field and 

dog park. Water 

sometimes 

rushing. 
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Table 10. Site Characterization (Continued) 

Sample 

Site 

Site Location Canopy 

Cover/ 

Vegetation 

Streambed 

Alteration 

Signs of 

Life 

Urban 

Impact 

Ranking 

(1-10) 

Notes 

Woodlawn

/Mānoa 

Innovatio

n Center 

5 Center 

stream, 

(21.30837,   

-157.8093) 

Moderate 

canopy 

coverage 

upstream, but 

no shade at 

sample site. 

Often high 

grasses line 

stream bank. 

Stream 

slightly 

shaded by 

bridge. 

Streambed 

lined with 

boulders of 

varying sizes, 

including 

concrete 

chunks. Some 

human 

alteration and 

regular 

cleanups. 

Plentiful 

small 

catfish, 

gobies, and 

crayfish. 

6 Stream runs 

through urban 

sprawl with 

Mānoa 

Marketplace 

center, USGS 

discharge gage, 

and grassy 

streambank and 

trees on both 

sides. Water 

sometimes 

rushing. 

University 

of Hawaiʻi 

Tea 

Garden 

6 Center 

stream, 

(21.29943,   

-157.81358) 

Heavy 

canopy 

coverage 

upstream and 

over sample 

site. Lots of 

vegetation in 

the area, with 

steep stream 

bank. 

Streambed 

unaltered, 

lined with 

boulders of 

varying sizes 

and 

opportunity 

for hyporheic 

flow. 

Plentiful 

fish, 

mosquitoes, 

and a few 

crayfish. 

3 Runs through 

campus next to 

zen garden. 

Water is typically 

fast moving. 
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Table 10. Site Characterization (Continued) 

Sample 

Site 

Site Location Canopy 

Cover/ 

Vegetation 

Streambed 

Alteration 

Signs of 

Life 

Urban 

Impact 

Ranking 

(1-10) 

Notes 

Dole St 

Bridge 

7 Center 

stream, 

(21.29527,     

-157.81293) 

Shade from 

the bridge, 

and 

moderate 

shade from 

vegetation 

upstream. 

Stream bank 

sides lined 

with dirt. 

Mostly mud 

and dirt 

streambed 

with some 

small rocks. 

Human-altered 

and bulldozed 

for the bridge 

above. 

Upstream and 

downstream 

are more 

natural with 

boulders of 

varying sizes. 

Very small 

fish and 

guppies 

seen in 

shallow 

waters. 

7 Sample site 

human altered, 

but less altered up 

and downstream. 

Runs parallel to 

loʻi patch. Water 

is typically slow 

moving and 

shallow. 

Kaimuki 

High 

School 

8 Downstream, 

(21.28746,    

-157.81783) 

Shade from 

bridge, little 

canopy 

coverage 

upstream 

and no 

canopy 

shade 

downstream. 

Stream lined 

with tall 

grasses and 

small shrubs. 

Streambed 

heavily altered 

by 

urbanization 

and lined with 

small rocks. 

Small fish, 

crayfish, 

likely 

leeches. 

8 Site only 

accessible by 

bucket and rope 

method. Stream is 

often quickly 

flowing and 

shallow at the 

sample site. 

Water is typically 

very shallow and 

fast moving. 
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Table 10. Site Characterization (Continued) 

Sample 

Site 

Site Location Canopy 

Cover/ 

Vegetation 

Streambed 

Alteration 

Signs of 

Life 

Urban 

Impact 

Ranking 

(1-10) 

Notes 

Date St 

Bridge 

9 Downstream, 

(21.28486,    

-157.8204) 

No shade 

from canopy 

coverage 

upstream. 

Stream bank 

is lined with 

grass and 

steep sides. 

Location 

heavily 

impacted by 

tides and 

urbanization. 

Stream bank 

unnatural, but 

exact state of 

the sample 

site bed 

location is 

unknown as 

water is 

usually murky 

and deep. 

Jellies 

sometimes 

seen during 

high tide. 

9 Site only 

accessible via 

bucket and rope 

method. Water 

typically is 

affected by the 

tides and lots of 

trash seen in the 

sampling area. 

Ala Wai 

Estuary 

10 Furthest 

downstream, 

(21.28328,    

-157.82567) 

No canopy 

shade. Site 

exposed and 

lined with 

concrete 

walls, with 

minimal 

vegetation 

on stream 

banks. 

Streambed 

heavily 

altered and 

banks lined 

with concrete 

walls. 

Location is 

very heavily 

impacted by 

tides. 

Jellies are 

often seen 

and large 

fish. Life 

here is 

presumed 

unhealthy 

due to 

known 

water 

health. 

10 (most 

impacted) 

The most 

impacted site, 

surrounded by 

drainage systems 

and large 

infrastructure. 

Water at this site 

is known to be 

heavily 

contaminated. 
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Table 11. CEC Sampling Data and Collection Notes 

Sample Location Collection 

Date 

Sample ID Notes CAF 

97.5%B/Bo 

CBZ 

97.5%B/Bo 

Mānoa Tr Waihi  4/26/2023 HP1 Discharge: Highest for site BD BD 

Mānoa Tr Waihi  5/17/2023 HP2 Discharge: High for site 

Radon: High for site 

SPC: Lowest for site 

0.026 BD 

Mānoa Tr Waihi  6/2/2023 HP3 Radon: Highest for site BD BD 

Mānoa Tr Waihi  8/16/2023 HP4 Temperature: Highest for site 

Radon: Low for site 

1.101 BD 

Mānoa Tr Waihi  9/18/2024 HP5 Discharge, Temperature, Radon, SPC: 

Intermediate for site 

BD BD 

Mānoa Tr Waihi  11/10/2024 HP6 Discharge, Temperature, Radon, SPC: 

Intermediate for site 

BD BD 

Mānoa Tr Waihi  2/22/2024 HP7 Temperature: Lowest for site 

Radon: Lowest for site 

Discharge: Low for site 

SPC: Highest for site  

BD BD 

Wa'aloa Way  5/16/2023 HP8 Radon: Lowest for site 

Discharge: Highest for site 

Temperature: Lowest for site 

SPC: Lowest for site  

0.491 BD 

Wa'aloa Way  7/18/2023 HP9 Discharge: Low for site BD BD 

Wa'aloa Way  8/16/2023 HP10 Discharge, Temperature, Radon, SPC: 

Intermediate for site 

BD BD 

Wa'aloa Way  9/18/2023 HP11 Temperature: Highest for site 

Discharge: Low for site 

BD BD 

Wa'aloa Way  11/10/2023 HP12 Radon: Highest for site 

Discharge: Lowest for site 

Temperature: High for site 

SPC: High for site  

BD BD 

Wa'aloa Way  12/1/2023 HP13 Discharge: High for site  0.061 BD 
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Table 11. CEC Sampling Data and Collection Notes (Continued) 

Sample Location Collection 

Date 

Sample ID Notes CAF 

97.5%B/Bo 

CBZ 

97.5%B/Bo 

Wa'aloa Way  2/22/2024 HP14 Radon: High for site 

Discharge: Low for site 

SPC: Highest for site 

BD BD 

Pawaina 4/3/2023 HP15 Discharge, Temperature, Radon, SPC: 

Intermediate for site 

BD BD 

Pawaina  5/16/2023 HP16 Discharge: Highest for site 

Temperature: Lowest for site 

SPC: Lowest for site 

0.427 BD 

Pawaina 6/1/2023 HP17 Discharge, Temperature, Radon, SPC: 

Intermediate for site 

BD BD 

Pawaina 8/15/2023 HP18 Radon: Lowest for site 

Discharge: Low for site 

Temperature: High for site 

SPC: High for site  

BD BD 

Pawaina 9/14/2023 HP19 Temperature: Highest for site BD BD 

Pawaina 11/10/2023 HP20 Radon: High for site 

Discharge: Lowest for site 

Temperature: High for site 

SPC: High for site  

BD BD 

Pawaina 2/23/2024 HP21 Radon: Highest for site 

Discharge: Low for site 

SPC: High for site  

BD BD 

Mānoa District 

Park 

4/12/2023 HP22 Temperature: Lowest for site 

SPC: Highest for site  

BD BD 

Mānoa District 

Park 

5/16/2023 HP23 Radon: Lowest for site 

Discharge: Highest for site 

SPC: Lowest for site 

BD BD 

Mānoa District 

Park 

7/17/2023 HP24 Discharge, Temperature, Radon, SPC: 

Intermediate for site 

BD BD 

Mānoa District 

Park 

8/15/2023 HP25 Discharge, Temperature, Radon, SPC: 

Intermediate for site 

BD BD 
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Table 11. CEC Sampling Data and Collection Notes (Continued) 

Sample Location Collection 

Date 

Sample ID Notes CAF 

97.5%B/Bo 

CBZ 

97.5%B/Bo 

Mānoa District 

Park 

9/14/2023 HP26 Temperature: Highest for site BD BD 

Mānoa District 

Park 

12/6/2023 HP27 Radon: Highest for site BD BD 

Mānoa District 

Park 

2/22/2024 HP28 Discharge: Lowest for site BD BD 

Woodlawn/MIC 4/12/2023 HP29 Temperature: Lowest for site BD BD 

Woodlawn/MIC 7/17/2023 HP30 SPC: Highest for site 

Discharge: Low for site 

BD BD 

Woodlawn/MIC 8/15/2023 HP31 Radon: Lowest for site 

Temperature: Highest for site 

BD BD 

Woodlawn/MIC 9/8/2023 HP32 Discharge, Temperature, Radon, SPC: 

Intermediate for site 

0.038 BD 

Woodlawn/MIC  11/8/2023 HP33  Radon: Highest for site 

Discharge: Lowest for site 

Temperature: Highest for site  

0.159 BD 

Woodlawn/MIC 11/30/2023 HP34 Discharge: Highest for site 

Radon: High for site  

BD BD 

Woodlawn/MIC 2/22/2024 HP35 Discharge, Temperature, Radon, SPC: 

Intermediate for site 

BD BD 

UH Tea Garden 4/14/2023 HP36 Discharge: Highest for site BD BD 

UH Tea Garden 6/1/2023 HP37 Radon: Lowest for site  

Temperature: Highest for site 

SPC: Lowest for site  

BD BD 

UH Tea Garden 7/17/2023 HP38 Discharge, Temperature, Radon, SPC: 

Intermediate for site 

BD BD 

UH Tea Garden 8/15/2023 HP39 Radon: High for site  

Discharge: Low for site  

Temperature: High for site  

BD BD 

UH Tea Garden 9/8/2023 HP40  Radon: Low for site  

Temperature: High for site  

BD BD 

UH Tea Garden 11/30/2023 HP41 Discharge: Highest for site BD BD 
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Table 11. CEC Sampling Data and Collection Notes (Continued) 

Sample Location Collection 

Date 

Sample ID Notes CAF 

97.5%B/Bo 

CBZ 

97.5%B/Bo 

UH Tea Garden 2/23/2024 HP42 Radon: Highest for site 

Discharge: Low for site 

Temperature: Lowest for site  

BD BD 

Dole St Br 4/14/2023 HP43 Discharge: High for site  BD BD 

Dole St Br 5/15/2023 HP44 Discharge, Temperature, Radon, SPC: 

Intermediate for site 

0.174 BD 

Dole St Br 5/31/2023 HP45 SPC: Lowest for site 

Radon: High for site  

0.059 BD 

Dole St Br 9/7/2023 HP46 Radon: Lowest for site 

Temperature: highest for site  

BD BD 

Dole St Br 11/9/2023 HP47 Discharge: Lowest for site 0.076 BD 

Dole St Br 11/30/2023 HP48 Discharge: highest for site BD BD 

Dole St Br 2/23/2024 HP49 Radon: highest for site 

Discharge: Low for site 

Temperature: Low 

BD BD 

Kaimuki HS 4/17/2023 HP50 Temperature: Lowest for site BD BD 

Kaimuki HS 5/15/2023 HP51 Radon: Lowest for site 

SPC: Lowest for site 

0.415 BD 

Kaimuki HS 5/31/2023 HP52 Discharge, Temperature, Radon, SPC: 

Intermediate for site 

0.081 BD 

Kaimuki HS 8/14/2023 HP53 Radon: Highest for site 

Temperature: Highest for site 

0.101 BD 

Kaimuki HS 9/7/2023 HP54 Temperature: Highest for site  

SPC: Highest for site  

0.326 BD 

Kaimuki HS 11/8/2023 HP55 Discharge: Lowest for site  BD 0.013 

Kaimuki HS 11/30/2023 HP56 Discharge: Highest for site  

Temperature: Low for site 

SPC: Low for site 

0.022 BD 

Date St Br 4/17/2023 HP57 Temperature: Lowest for site BD BD 

Date St Br 5/31/2023 HP58 Discharge, Temperature, Radon, SPC: 

Intermediate for site 

BD BD 
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Table 11. CEC Sampling Data and Collection Notes (Continued) 

Sample Location Collection 

Date 

Sample ID Notes CAF 

97.5%B/Bo 

CBZ 

97.5%B/Bo 

Date St Br 8/14/2023 HP59 Radon: Highest for site  

Temperature: High for site  

0.225 BD 

Date St Br 9/6/2023 HP60 Temperature: Highest for site  

SPC: Highest for site  

0.396 0.016 

Date St Br 11/8/2023 HP61 Discharge: Lowest for site  

Radon: High for site  

0.156 0.013 

Date St Br 11/29/2023 HP62 Radon: Lowest for site 

Discharge: Highest for site 

Temperature: Lowest for site 

SPC: Lowest for site  

0.126 BD 

Date St Br 2/29/2024 HP63 Radon: Low for site 

SPC: Low for site 

BD BD 

Ala Wai 4/17/2023 HP64 Radon: Highest for site  BD 0.017 

Ala Wai 5/12/2023 HP65 SPC: Lowest for site 0.041 BD 

Ala Wai 5/31/2023 HP66 Radon: Lowest for site  

Discharge: Low for site 

SPC: High for site 

0.171 0.035 

Ala Wai 9/6/2023 HP67 Temperature: Highest for site  0.061 0.034 

Ala Wai 11/8/2023 HP68 Discharge: Lowest for site 

SPC: Highest for site  

0.073 0.059 

Ala Wai 11/29/2023 HP69 Temperature: Lowest for site 

Discharge: Highest for site 

SPC: Low for site 

0.219 BD 

Ala Wai 2/29/2024 HP70 Discharge, Temperature, Radon, SPC: 

Intermediate for site 

0.285 0.009 
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Table 12: Master HOBO Averages Table 

HOBO 

Location 

Site Avg. 

Temp

. (°C) 

Med. 

Temp. 

(°C) 

Temp. 

Range 

(°C) 

Std. 

Dev. 

(°C) 

Med. 

SPC 

Canopy 

Cover 

(%) 

Urban 

Impact 

Rating 

(1-10) 

Avg. 

Ground 

water 

inflow 

by reach 

Avg. 

ŭ18O 

(ă) 

Avg 

δ2H 

(‰) 

Lyon 

Arboretum 

1a 21.65 21.74 6.59 1.01 N/A 70 1 -least 

impact 

Reach 1: 

2.79E-05 

N/A N/A 

Waihi 

USGS 

Gage 

2a 21.67 21.77 6.67 1.07 N/A 59.55 3 Reach 2: 

8.58E-06 

N/A N/A 

Lua’alaea 

Stream 

3a 21.16 21.34 4.78 0.80 N/A 68.17 2 Reach 3: 

1.27E-05 

N/A N/A 

Wa’akua 

Fork 

4a 21.37 21.57 5.73 0.90 165.4 38.96 4 Reach 4: 

2.52E-05 

N/A N/A 

Mānoa 

District 

Park 

5a 22.65 22.50 10.23 1.56 164.7 4.05 7 Reach 5: 

2.19E-06 

-2.42 -4.71 

Woodlawn 

Drive 

6a 22.90 22.61 10.42 1.78 171.3 4.15 8 Reach 6: 

3.74E-06 

-2.41 -4.76 

UH Tea 

Garden 

7a 22.56 22.53 7.75 1.43 173.4 6.62 5 Reach 7: 

5.57E-06 

-2.4 -5.62 

Kanewai 

Park 

8a 22.93 23.16 7.54 1.42 N/A 7.86 6 Reach 8: 

1.77E-05 

N/A N/A 

Koali 

Road 

9a 24.55 24.12 16.64 3.07 N/A 0 10 -

most 

impact 

Reach 9: 

1.82E-05 

N/A N/A 

Kaimuki 

H.S. 

10a 24.12 23.79 14.18 2.42 214.2 0 9 N/A -2.87 -9.48 
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Table 13: Master Sample Site Averages Table 

HOBO 

Location 

Site Avg. 

Temp. 

(°C) 

Med. 

Temp. 

(°C) 

Temp. 

Range 

(°C) 

Std. 

Dev. 

(°C) 

Med. 

SPC 

Canopy 

Cover 

(%) 

Urban 

Impact 

Rating 

(1-10) 

Avg. 

Ground 

water 

inflow 

by reach 

Avg. 

ŭ18O 

(ă) 

Avg 

δ2H 

(‰) 

Mānoa 

Stream -

Waihi 

1 20.55 20.5 4.9 1.69 98.5 70 1 Reach 1: 

2.79E-05 

-2.67 -5.85 

Wa’aloa 

Way 

2 21.57 21.2 5.5 1.84 127.2 38.96 2 Reach 2: 

8.58E-06 

-2.49 -5.56 

Pawaina 

Bridge 

3 21.38 21.75 6.7 2.12 130.9 N/A 4 Reach 3: 

1.27E-05 

-2.95 -8.89 

Mānoa 

District 

Park 

4 22.67 22.9 8.0 1.99 165.4 4.05 5 Reach 4: 

2.52E-05 

-2.42 -4.71 

Woodlawn

/Mānoa 

Innovation 

Center 

5 23.32 23.6 8.9 2.81 164.7 4.15 6 Reach 5: 

2.19E-06 

-2.41 -4.76 

U.H. Tea 

Garden 

6 22.2 22.8 5.9 1.64 171.3 6.62 3 Reach 6: 

3.74E-06 

-2.4 -5.62 

Dole St. 

Bridge 

7 22.57 22.7 7.3 2.22 173.4 N/A 7 Reach 7: 

5.57E-06 

-2.39 -5.87 

Kaimuki 

High 

School 

8 24.27 23.8 9.3 3.30 214.2 0 8 Reach 8: 

1.77E-05 

-2.87 -9.48 

Date St. 

Bridge 

9 25.6 24.6 13.3 4.29 1058.

0 

0 9 Reach 9: 

1.82E-05 

-2.64 -10.50 

Ala Wai 

Estuary 

10 25.9 26.2 10.0 3.41 1860

9.0 

0 10 N/A -1.71 -6.04 
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Figure 32. Sample Site 1: Mānoa Trail - Waihi 

Located within Lyon Arboretum along the Mānoa Falls Trail at approximately (21.33549, -

157.80003), this site is the least anthropogenically altered sample site. It is the most upstream 

sample site and takes an approximate 15-minute trail hike to reach from the Mānoa Falls parking 

lot. This site is off the path in this tropical forest and requires some climbing on an unofficial 

path (of my own creation) to reach. It is heavily shaded by canopy cover, and the streambed 

appears naturally lined with boulders and vegetation. There is a heavy presence of fish and 

wildlife thriving in the stream at this location. There is also a heavy presence of insects, such as 

mosquitoes, flies, and butterflies, swarming in this area. 
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Figure 33. Sample Site 2: Wa’aloa Way 

Located approximately 1 mile downstream of Sample Site 1, Wa’aloa Way is a bridge site. 

Depending on weather and stream flow, samples at this site are either gathered by lowering a 

bucket and scooping up surface water, or by walking down a staircase under the bridge. While 

this site itself is immediately surrounded by concrete structures, the base of the stream is lined 

with small rocks, with opportunity for hyporheic exchange. Immediately upstream and 

immediately downstream (approximately 10 meters from either side of the bridge), the stream 

appears to be natural and undisturbed, with heavy canopy cover, vegetation, an abundance of 

small fish, and frequently visited by ducks. 
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Figure 34. Sample Site 3: Pawaina Bridge 

Located approximately 0.5 miles downstream from Sample Site 2, Pawaina Bridge is surrounded 

by houses in Mānoa Valley and the water is only accessible by lowering a bucket. The stream at 

this location has a concrete bed approximately 20 meters in length running under the bridge. 

Immediately upstream and downstream, like Sample Site 2, the stream appears to be more 

natural and undisturbed, with a rocky streambed and heavy vegetation and canopy cover. 

 

 



 77 

 

 

Figure 35. Sample Site 4: Mānoa District Park 

Located just over 0.5 miles downstream from Sample Site 3, the Mānoa District Park sample site 

shows signs of anthropogenic disturbance. The stream, notably, has a bed of mostly small rocks, 

and some obviously human-placed small boulder walls. One side of the stream has a large grassy 

patch, and the other side has a tall stone wall with houses sitting next to it. Some of these houses 

have storm water drainage pipes that lead out to the stream. There is little to no canopy cover, 

and the only shade is provided by the upstream bridge and minimal canopy coverage. Depending 

on the season, there does appear to be some life in the stream, such as crayfish. Also depending 

on the season, water here can move rapidly. 
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Figure 36. Sample Site 5: Mānoa Innovation Center/Woodlawn 

Approximately 0.5 miles downstream from Sample Site 4, the Mānoa Innovation Center (MIC) / 

Woodlawn sample site is characterized by a grassy stream bank with little canopy cover. The 

stream bed is a combination of small rocks up to medium sized boulders. A few trees line the 

bank. Access to this site depends on stream flow conditions and vegetation clearance, thus it was 

typically only accessed with the bucket method over the Woodlawn bridge. Small fish and 

crayfish are seen here, and on occasion, the stream at this site has a noticeable foul smell.  
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Figure 37. Sample Site 6: UH Tea Garden 

Located just over 0.5 miles downstream from Sample Site 5, the UH Tea Garden is a sample site 

on the University of Hawaiʻi at Mānoa campus. This site has a natural stream bed of boulders 

and is surrounded by heavy canopy cover and vegetation. The site requires a short scramble 

down a steep rocky pathway, and samples are taken directly in the stream surface. There appears 

to be some fish life here, and the site, notably, has a heavy mosquito presence. Typically, water 

here moves moderately quickly and forms in many riffles and pools. 
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Figure 38. Sample Site 7: Dole Street Bridge 

Less than 0.5 miles downstream from Sample Site 6, the Dole Street Bridge sample site is 

accessible by foot. This location is shaded by the coverage of the bridge and shaded immediately 

upstream and downstream from the bridge by canopy coverage. The stream bed, however, is 

obviously anthropogenically disturbed, noting that just upstream, the bed transitions from natural 

boulders and rocks to small rocks and gravel lining the bed under the bridge. There is little sign 

of wildlife, aside from tadpoles seen at this location.  
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Figure 39. Sample Site 8: Kaimuki High School 

Another 0.5 miles downstream from Sample Site 7, the Kaimuki High School sample location is 

accessed by the bucket and rope method over the bridge. This stream bank is characterized by 

heavy vegetation of mostly long grasses on steep drop-offs, making it difficult and dangerous to 

access by foot. Long grasses fill the stream here, however, there is little canopy coverage. The 

stream bed consists of primarily small stones, and the stream is heavily polluted with trash at this 

location.  
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Figure 40. Sample Site 9: Date Street Bridge 

Approximately 0.5 miles from Sample Site 8, the Date Street Bridge location is another site only 

accessed with the bucket and rope method. Sampling from the upstream side of the bridge, the 

stream is wider and consistently murky at this location. The stream bank is lined with steep 

grassy inclines, and the stream is, again, often riddled with trash and large items, like bicycles, 

grocery carts, and mattresses at this site. Occasionally, jellyfish are seen floating here during 

high tides. The stream bed conditions cannot be seen through the murky waters. Waters here 

move slowly. 
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 Figure 41. Sample Site 10: The Ala Wai Estuary 

Furthest downstream, and our most human-impacted sample site, the Ala Wai Estuary sample 

site is characterized by consistently murky waters that are stagnant or slow-flowing. The stream 

is banked by concrete walls and has no shading from canopy coverage. This site has consistently 

high conductivity, as it is an estuarine location. Crabs are frequently seen here, and some slow-

moving fish. There is frequently a foul odor noticeable at this location.  

 

Data collected in this thesis can be found here: 

https://drive.google.com/drive/u/0/folders/1GJAes64KC1fEkJdGgFRtI6ZJs5qOuEhy   

https://drive.google.com/drive/u/0/folders/1GJAes64KC1fEkJdGgFRtI6ZJs5qOuEhy


 84 

 

REFERENCES 

1. Adams, T., & Sullivan, K. O. (1989). Physics of forest stream heating: 1) A simple model 

(Technical Report No. 044-5002/98/1). Weyerhaeuser, Tacoma, WA. 

2. Adyasari, D., Cartwright, I., Dimova, N. T., Dulaiova, H., Gilfedder, B. S., McKenzie, 

T., & Fuleky, P. (2023, January 18). Radon-222 as a groundwater discharge tracer to 

surface waters. Earth-Science Reviews. https://doi.org/10.1016/j.earscirev.2023.103584 

3. Bassiouni, M., & Oki, D. (2013). Trends and shifts in streamflow in Hawaiʻi, 1913-2008. 

Hydrological Processes, 27(10), 1484–1500. https://doi.org/10.1002/hyp.9797 

4. Beschta, R. L. (1997). Riparian shade and stream temperature: An alternative perspective. 

Rangelands, 19, 25–28. 

5. Bond, A. L., & Hobson, K. A. (2012, June 1). Reporting stable-isotope ratios in ecology: 

Recommended terminology, guidelines, and best practices. BioOne Complete. 

https://doi.org/10.1675/063.035.0213 

6. Burkhart, J. F., King, C. W., Haught, R. C., & Turner, J. V. (1991). A comparison of 

current collection/sampling techniques for waterborne radon analysis. 1991 Annual 

AARST National Fall Conference, II, 255–271. Rockville, MD. 

7. Burnett, W. C., Aggarwal, P. K., Aureli, A., Bokuniewicz, H., Cable, J. E., Charette, M. 

A., Kontar, E. A., Krupa, S., Kulkarni, K. M., Loveless, A., Moore, W. S., Oberdorfer, J. 

A., Oliveira, J., Ozyurt, N., Povinec, P., Privitera, A. M. G., Rajar, R., Ramessur, R. T., 

… Zuppi, G. M. (2006). Radon as a tracer of submarine groundwater discharge: Results 

from the Ubatuba, Brazil SGD assessment intercomparison. Continental Shelf Research, 

26, 862–873. https://doi.org/10.1016/j.csr.2006.02.005 

8. Campodonico, V. A., Pasquini, A. I., & García, M. G. (2015, June 17). The dissolved 

chemical and isotopic signature downflow the confluence of two large rivers: The case of 

the Paraná and Paraguay Rivers. Journal of Hydrology. 

https://doi.org/10.1016/j.jhydrol.2015.06.020 

9. Cartwright, I., & Gilfedder, B. (2015, January). Mapping and quantifying groundwater 

inflows to Deep Creek (Maribyrnong catchment, SE Australia) using 222Rn: 

Implications for protecting groundwater-dependent ecosystems. Applied Geochemistry. 

https://doi.org/10.1016/j.apgeochem.2014.12.003 

https://doi.org/10.1016/j.earscirev.2023.103584
https://doi.org/10.1002/hyp.9797
https://doi.org/10.1675/063.035.0213
https://doi.org/10.1016/j.csr.2006.02.005
https://doi.org/10.1016/j.jhydrol.2015.06.020
https://doi.org/10.1016/j.apgeochem.2014.12.003


 85 

 

10. Chang, C.-T., Drazen, J. C., Chiang, W. C., & Madigan, D. J. (2023, July). Ontogenetic 

shift in foraging habit of ocean sunfish Mola mola from dietary and behavioral studies: 

Ontogenetic and seasonal shifts in diets of sharptail mola (Masturus lanceolatus) in 

waters off Taiwan. ResearchGate. 

https://www.researchgate.net/publication/271924525_Ontogenetic_shift_in_foraging_hab

it_of_ocean_sunfish_Mola_mola_from_dietary_and_behavioral_studies 

11. Coleman, C. E. (2007, January). The effect of wastewater treatment plant effluent on 15N 

concentrations in macroinvertebrate populations in streams of discharge. Deep Blue 

Repositories. https://deepblue.lib.umich.edu/handle/2027.42/57460 

12. Conant Jr., B. (2004). Delineating and quantifying groundwater discharge zones using 

streambed temperatures. Groundwater, 42, 243–257. https://doi.org/10.1111/j.1745-

6584.2004.tb02671.x 

13. Cook, P. (2020, November 3). 3.1 Investigating groundwater mixing. In Introduction to 

Isotopes and Environmental Tracers as Indicators of Groundwater Flow. 

https://books.gw-project.org/introduction-to-isotopes-and-environmental-tracers-as-

indicators-of-groundwater-flow/chapter/investigating-groundwater-mixing/ 

14. Crawford-Brown, D. J. (1990). Analysis of the health risk from ingested radon. In 

Cothern, C. R., & Rebers, P. A. (Eds.), Radon, radium, and uranium in drinking water 

(pp. 9–32). Lewis Publishers. 

15. Diebel, M. W., & Zanden, M. J. (2009). Nitrogen stable isotopes in streams: Effects of 

agricultural sources and transformations. Ecological Applications, 19(5), 1127–1134. 

https://doi.org/10.1890/08-0327.1 

16. Dores, D., Glenn, C. R., Torri, G., Whittier, R. B., & Popp, B. N. (2020). Implications for 

groundwater recharge from stable isotopic composition of precipitation in Hawaiʻi during 

the 2017–2018 La Niña. Hydrological Processes, 34(24), 4675–4696. 

https://doi.org/10.1002/hyp.13907 

17. Dulai, H., Smith, C. M., Amato, D. W., Gibson, V., & Bremer, L. L. (2021, December 

17). Risk to native marine macroalgae from land-use and climate change-related 

modifications to groundwater discharge in Hawaiʻi. Limnology and Oceanography 

Letters. https://aslopubs.onlinelibrary.wiley.com/doi/full/10.1002/lol2.10232 

https://www.researchgate.net/publication/271924525_Ontogenetic_shift_in_foraging_habit_of_ocean_sunfish_Mola_mola_from_dietary_and_behavioral_studies
https://www.researchgate.net/publication/271924525_Ontogenetic_shift_in_foraging_habit_of_ocean_sunfish_Mola_mola_from_dietary_and_behavioral_studies
https://deepblue.lib.umich.edu/handle/2027.42/57460
https://doi.org/10.1111/j.1745-6584.2004.tb02671.x
https://doi.org/10.1111/j.1745-6584.2004.tb02671.x
https://books.gw-project.org/introduction-to-isotopes-and-environmental-tracers-as-indicators-of-groundwater-flow/chapter/investigating-groundwater-mixing/
https://books.gw-project.org/introduction-to-isotopes-and-environmental-tracers-as-indicators-of-groundwater-flow/chapter/investigating-groundwater-mixing/
https://doi.org/10.1890/08-0327.1
https://doi.org/10.1002/hyp.13907
https://aslopubs.onlinelibrary.wiley.com/doi/full/10.1002/lol2.10232


 86 

 

18. Durridge. (2023). Big Bottle System Manual Aerator Cap Rev B [PDF]. 

https://durridge.com/documentation/Big%20Bottle%20System%20Manual%20Aerator%

20Cap%20Rev%20B.pdf 

19. Ellis, J. B. (1999). Impacts of urban growth on surface water and groundwater quality: 

Proceedings of an international symposium held during IUGG 99, the XXII General 

Assembly of the International Union of Geodesy and Geophysics, at Birmingham, UK 18-

30 July 1999. IAHS. https://books.google.com/books?id=VR0hYgEACAAJ 

20. Environmental Protection Agency. (2024). Urbanization - Temperature. EPA. 

https://www.epa.gov/caddis/urbanization-temperature 

21. Filipe, A. F., Lawrence, J. E., & Bonada, N. (2012, August 24). Vulnerability of stream 

biota to climate change in Mediterranean climate regions: A synthesis of ecological 

responses and conservation challenges. Hydrobiologia. SpringerLink. 

https://doi.org/10.1007/s10750-012-1244-4 

22. Frei, S., & Gilfedder, B. S. (2015). FINIFLUX: An implicit finite element model for 

quantification of groundwater fluxes and hyporheic exchange in streams and rivers using 

radon. Water Resources Research, 51(8), 6776–6786. 

https://doi.org/10.1002/2015wr017212 

23. Frei, S., Durejka, S., Le Lay, H., Thomas, Z., & Gilfedder, B. S. (2019). Quantification of 

hyporheic nitrate removal at the reach scale: Exposure times versus residence times. 

Water Resources Research, 55(11), 9808–9825. https://doi.org/10.1029/2019wr025540 

24. Gat, J. R. (1996). Oxygen and hydrogen isotopes in the hydrologic cycle. Annual Review 

of Earth and Planetary Sciences, 24, 225–262. 

https://doi.org/10.1146/annurev.earth.24.1.225 

25. Glaser, C., Schwientek, M., Junginger, T., Gilfedder, B. S., Frei, S., Werneburg, M., 

Zwiener, C., & Zarfl, C. (2020). Comparison of environmental tracers including organic 

micropollutants as groundwater exfiltration indicators into a small river of a karstic 

catchment. Hydrological Processes, 34(24), 4712–4726. 

https://doi.org/10.1002/hyp.13909 

26. Gold Standard Diagnostics. (2021, August 16). Caffeine, ELISA, 96-test. ABRAXIS, 

Caffeine ELISA, 96-test. https://abraxis.eurofins-technologies.com/home/products/rapid-

https://durridge.com/documentation/Big%20Bottle%20System%20Manual%20Aerator%20Cap%20Rev%20B.pdf
https://durridge.com/documentation/Big%20Bottle%20System%20Manual%20Aerator%20Cap%20Rev%20B.pdf
https://books.google.com/books?id=VR0hYgEACAAJ
https://www.epa.gov/caddis/urbanization-temperature
https://doi.org/10.1007/s10750-012-1244-4
https://doi.org/10.1002/2015wr017212
https://doi.org/10.1029/2019wr025540
https://doi.org/10.1146/annurev.earth.24.1.225
https://doi.org/10.1002/hyp.13909
https://abraxis.eurofins-technologies.com/home/products/rapid-test-kits/markers-for-bioactivity/markers-for-bioactivity-elisa-plate-kits/caffeine-elisa-96-test/


 87 

 

test-kits/markers-for-bioactivity/markers-for-bioactivity-elisa-plate-kits/caffeine-elisa-96-

test/ 

27. Gold Standard Diagnostics. (2024). Carbamazepine, ELISA, 96-test. Gold Standard 

Diagnostics. https://www.goldstandarddiagnostics.com/products/water/rapid-test-

kits/caffeine-elisa-96-test-1.html 

28. Grey, V., Smith-Miles, K., Fletcher, T. D., Hatt, B. E., & Coleman, R. A. (2023, October 

6). Empirical evidence of climate change and urbanization impacts on warming stream 

temperatures. Water Research. https://doi.org/10.1016/j.watres.2023.119490 

29. Hai, F. I., Yang, S., Asif, M. B., Sencadas, V., Shawkat, S., Sanderson-Smith, M., 

Gorman, J., Xu, Z.-Q., & Yamamoto, K. (2018, January 26). Carbamazepine as a 

possible anthropogenic marker in water: Occurrences, toxicological effects, regulations 

and removal by wastewater treatment technologies. MDPI Water, 10(2), 107. 

https://doi.org/10.3390/w10020107 

30. Hawaiʻi Statewide GIS Program. (2021, October 29). Hawaiʻi statewide GIS program. 

HawaiԀi Statewide GIS Program. 

https://geoportal.hawaii.gov/datasets/3d638ed89da245949de574c02b5dc911/explore?loc

ation=21.312469%2C-157.790625%2C14.00 

31. Helfner, S. (2022). Investigating HawaiԀi cesspool outreach and community 

participation: KahaluԀu as a case study (thesis). 

32. Honolulugis. (2024). Honolulugis. https://honolulugis-cchnl.hub.arcgis.com/ 

33. Hughes, R. F., Asner, G. P., Dudley, B. D., Giambelluca, T., Baldwin, J. A., Miyazawa, 

Y., Dulai, H., Waters, C., Bishop, J., Vaughn, N. R., Yeh, J., Kettwich, S., MacKenzie, R. 

A., & Ostertag, R. (2020, February 15). Hydrological effects of tree invasion on a dry 

coastal Hawaiʻian ecosystem. Forest Ecology and Management. 

https://doi.org/10.1016/j.foreco.2020.118049 

34. Irvine, D. J., Singha, K., Kurylyk, B. L., Briggs, M., Sebastian, Y., Tait, D., & Helton, A. 

(2024, September 25). Groundwater-surface water interactions research: Past trends and 

future directions. Journal of Hydrology. https://pubs.usgs.gov/publication/70259609 

35. Johnson, S. L., & Jones, J. A. (2000). Stream temperature responses to forest harvest and 

debris flows in western Cascades, Oregon. Canadian Journal of Fisheries and Aquatic 

Sciences, 57(suppl 2), 30–39. 

https://abraxis.eurofins-technologies.com/home/products/rapid-test-kits/markers-for-bioactivity/markers-for-bioactivity-elisa-plate-kits/caffeine-elisa-96-test/
https://abraxis.eurofins-technologies.com/home/products/rapid-test-kits/markers-for-bioactivity/markers-for-bioactivity-elisa-plate-kits/caffeine-elisa-96-test/
https://www.goldstandarddiagnostics.com/products/water/rapid-test-kits/caffeine-elisa-96-test-1.html
https://www.goldstandarddiagnostics.com/products/water/rapid-test-kits/caffeine-elisa-96-test-1.html
https://doi.org/10.1016/j.watres.2023.119490
https://doi.org/10.3390/w10020107
https://geoportal.hawaii.gov/datasets/3d638ed89da245949de574c02b5dc911/explore?location=21.312469%2C-157.790625%2C14.00
https://geoportal.hawaii.gov/datasets/3d638ed89da245949de574c02b5dc911/explore?location=21.312469%2C-157.790625%2C14.00
https://honolulugis-cchnl.hub.arcgis.com/
https://doi.org/10.1016/j.foreco.2020.118049
https://pubs.usgs.gov/publication/70259609


 88 

 

36. Khilchevskyi, V. K., Kurylo, S. M., & Zabokrytska, M. R. (2020, November 10). Long-

term fluctuations in the chemical composition of surface waters and climate change. 

EarthDoc. https://doi.org/10.3997/2214-4609.202056003 

37. Lawrence, J., Blackett, P., & Cradock-Henry, N. A. (2020, April 30). Cascading climate 

change impacts and implications. Climate Risk Management. 

https://doi.org/10.1016/j.crm.2020.100043 

38. Mānoa Stream at Woodlawn Drive, Oahu, HI. (2023). USGS Water Data for the Nation. 

Retrieved April, 2023, from https://waterdata.usgs.gov/monitoring-

location/16241600/#parameterCode=00065&period=P7D 

39. McCance, W., Jones, O. A. H., Cendón, D. I., Edwards, M., Surapaneni, A., 

Chadalavada, S., Wang, S., & Currell, M. (2020). Combining environmental isotopes 

with contaminants of emerging concern (CECs) to characterize wastewater derived 

impacts on groundwater quality. Water Research, 182, 116036. 

https://doi.org/10.1016/j.watres.2020.116036 

40. Nelson, K. C., & Palmer, M. A. (2007). Stream temperature surges under urbanization 

and climate change: Data, models, and responses. JAWRA Journal of the American Water 

Resources Association, 43(2), 440–452. https://doi.org/10.1111/j.1752-

1688.2007.00034.x 

41. O’Connor, D. J., & Dobbins, W. E. (1958). Mechanisms of reaeration in natural streams. 

Transactions of the American Society of Civil Engineers, 123(1), 641–666. Runkel, R. L. 

(1998). One-dimensional transport with inflow and storage (OTIS): A solute transport 

model for streams and rivers. U.S. Geological Survey Water Resources Investigation 

Report, 98–4018, 73 pp. 

42. Pacific Islands Water Science Center. (2023). Pacific Islands Water Science Center | U.S. 

Geological Survey. Retrieved April, 2023, from https://www.usgs.gov/centers/pacific-

islands-water-science-center 

43. Poole, G. C., & Berman, C. H. (In press). An ecological perspective on in-stream 

temperature: Natural heat dynamics and mechanisms of human-caused thermal 

degradation. Ecological Management. 

44. Poole, G., Risley, J., & Hicks, M. (2001, October). Issue paper 3: Spatial and temporal 

patterns of stream temperature (revised). EPA. 

https://doi.org/10.3997/2214-4609.202056003
https://doi.org/10.1016/j.crm.2020.100043
https://waterdata.usgs.gov/monitoring-location/16241600/#parameterCode=00065&period=P7D
https://waterdata.usgs.gov/monitoring-location/16241600/#parameterCode=00065&period=P7D
https://doi.org/10.1016/j.watres.2020.116036
https://doi.org/10.1111/j.1752-1688.2007.00034.x
https://doi.org/10.1111/j.1752-1688.2007.00034.x
https://www.usgs.gov/centers/pacific-islands-water-science-center
https://www.usgs.gov/centers/pacific-islands-water-science-center


 89 

 

https://19january2021snapshot.epa.gov/sites/static/files/2018-01/documents/r10-water-

quality-temperature-issue-paper3-2001.pdf 

45. Rice, J. S., Anderson, Jr., W. P., & Thaxton, C. S. (2011). Urbanization influences on 

stream temperature behavior within low-discharge headwater streams. Hydrological 

Research Letters, 5, 27–31. https://doi.org/10.3178/hrl.5.27 

46. Rogers, J. B., Stein, E. D., Beck, M. W., & Ambrose, R. F. (2020, November 24). The 

impact of climate change induced alterations of streamflow and stream temperature on 

the distribution of riparian species. PLOS ONE. 

https://doi.org/10.1371/journal.pone.0242682 

47. Sahoo, G. B., De Carlo, E. H., & Ray, C. (2006, March 6). Use of neural network to 

predict flash flood and attendant water qualities of a mountainous stream on Oahu, 

Hawaiʻi. Journal of Hydrology. https://doi.org/10.1016/j.jhydrol.2005.10.028 

48. Schubert, M., Siebert, C., Knoeller, K., Roediger, T., Schmidt, A., & Gilfedder, B. (2020, 

October 13). Investigating groundwater discharge into a major river under low flow 

conditions based on a radon mass balance supported by tritium data. MDPI Water, 

12(10), 2838. https://doi.org/10.3390/w12102838 

49. Somers, K. A., Bernhardt, E. S., Grace, J. B., Hassett, B. A., Sudduth, E. B., Wang, S., & 

Urban, D. L. (2013). Streams in the urban heat island: Spatial and temporal variability in 

temperature. Freshwater Science, 32(1), 309–326. https://doi.org/10.1899/12-024.1 

50. State of Hawaiʻi Climate Change Portal. (2024). Less & heavy rain. State of HawaiԀi 

Climate Change Portal. https://climate.hawaii.gov/hi-facts/rain/ 

51. Strauch, A. M., MacKenzie, R. A., Bruland, G. L., & Giardina, C. P. (2015). Climate-

driven changes to rainfall and streamflow patterns in a model tropical island hydrological 

system. Journal of Hydrology, 523, 160–169. 

https://doi.org/10.1016/j.jhydrol.2015.01.033 

52. Timeanddate. (2024). Past weather in Honolulu, Hawaiʻi, USA - September 2023. 

Weather in September 2023 in Honolulu, Hawaiʻi, USA. Retrieved from 

https://www.timeanddate.com/weather/usa/honolulu/historic?month=9&year=2023 

53. Torri, G., Nugent, A. D., & Popp, B. N. (2023, April 17). The isotopic composition of 

rainfall on a subtropical mountainous island. AMETSOC. 

https://journals.ametsoc.org/view/journals/hydr/24/4/JHM-D-21-0204.1.xml 

https://19january2021snapshot.epa.gov/sites/static/files/2018-01/documents/r10-water-quality-temperature-issue-paper3-2001.pdf
https://19january2021snapshot.epa.gov/sites/static/files/2018-01/documents/r10-water-quality-temperature-issue-paper3-2001.pdf
https://doi.org/10.3178/hrl.5.27
https://doi.org/10.1371/journal.pone.0242682
https://doi.org/10.1016/j.jhydrol.2005.10.028
https://doi.org/10.3390/w12102838
https://doi.org/10.1899/12-024.1
https://climate.hawaii.gov/hi-facts/rain/
https://doi.org/10.1016/j.jhydrol.2015.01.033
https://www.timeanddate.com/weather/usa/honolulu/historic?month=9&year=2023
https://journals.ametsoc.org/view/journals/hydr/24/4/JHM-D-21-0204.1.xml


 90 

 

54. Torri, G. (2024). Isocollection [Unpublished Data]. University of Hawaiʻi at Mānoa. 

55. University of Hawaiʻi at Mānoa. (2024). Hawaiʻi Climate Data Portal. Retrieved from 

https://www.hawaii.edu/climate-data-portal/ 

56. U.S. Geological Survey. (2019). Specific conductance. In National field manual for the 

collection of water-quality data (Book 9, Handbooks for Water-Resources Investigations, 

Section A, Chapter 6.3, Techniques and Methods 9-A6.3). 

https://doi.org/10.3133/tm9A6.3. https://pubs.usgs.gov/tm/09/a6.3/tm9-a6_3.pdf 

57. U.S. Geological Survey. (2017, November 14). Water temperature in rivers and streams. 

Retrieved from https://www.usgs.gov/centers/forest-and-rangeland-ecosystem-science-

center/science/water-temperature-rivers-and-

streams#:~:text=Increases%20in%20summer%20stream%20temperature%20as%20a%20

result,concern%20across%20the%20range%20of%20coldwater%20aquatic%20organism

s. 

58. Velthuis, M., & Veraart, A. J. (2022, June 3). Temperature sensitivity of freshwater 

denitrification and N2O emission – A meta-analysis. Global Biogeochemical Cycles, 

36(6). https://doi.org/10.1029/2022GB007339 

59. Wenner, D. B., Ruhlman, M., & Eggert, S. (2003, April). The importance of specific 

conductivity for assessing environmentally impacted streams. Proceedings of the 2003 

Georgia Water Resources Conference, University of Georgia. Retrieved from 

http://uown.org/Documents/UOWN_papers/Wenner_et_al--2003_GWRC.pdf 

60. Wongkiew, S., Popp, B. N., Kim, H.-J., & Khanal, S. K. (2017). Fate of nitrogen in 

floating-raft aquaponic systems using natural abundance nitrogen isotopic compositions. 

International Biodeterioration & Biodegradation, 125, 24–32. 

https://doi.org/10.1016/j.ibiod.2017.08.006 

61. Zwieniecki, M. A., & Newton, M. (1999). Influence of streamside cover and stream 

features on temperature trends in forested streams of western Oregon. Western Journal of 

Applied Forestry, 14, 106-113. 

https://www.hawaii.edu/climate-data-portal/
https://doi.org/10.3133/tm9A6.3
https://pubs.usgs.gov/tm/09/a6.3/tm9-a6_3.pdf
https://www.usgs.gov/centers/forest-and-rangeland-ecosystem-science-center/science/water-temperature-rivers-and-streams#:~:text=Increases%20in%20summer%20stream%20temperature%20as%20a%20result,concern%20across%20the%20range%20of%20coldwater%20aquatic%20organisms
https://www.usgs.gov/centers/forest-and-rangeland-ecosystem-science-center/science/water-temperature-rivers-and-streams#:~:text=Increases%20in%20summer%20stream%20temperature%20as%20a%20result,concern%20across%20the%20range%20of%20coldwater%20aquatic%20organisms
https://www.usgs.gov/centers/forest-and-rangeland-ecosystem-science-center/science/water-temperature-rivers-and-streams#:~:text=Increases%20in%20summer%20stream%20temperature%20as%20a%20result,concern%20across%20the%20range%20of%20coldwater%20aquatic%20organisms
https://www.usgs.gov/centers/forest-and-rangeland-ecosystem-science-center/science/water-temperature-rivers-and-streams#:~:text=Increases%20in%20summer%20stream%20temperature%20as%20a%20result,concern%20across%20the%20range%20of%20coldwater%20aquatic%20organisms
https://www.usgs.gov/centers/forest-and-rangeland-ecosystem-science-center/science/water-temperature-rivers-and-streams#:~:text=Increases%20in%20summer%20stream%20temperature%20as%20a%20result,concern%20across%20the%20range%20of%20coldwater%20aquatic%20organisms
https://doi.org/10.1029/2022GB007339
http://uown.org/Documents/UOWN_papers/Wenner_et_al--2003_GWRC.pdf
https://doi.org/10.1016/j.ibiod.2017.08.006

