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Abstract 
Hydrologic controls on ecosystem behavior (e.g. rainfall, runoff, infiltration, and 

soil moisture variability) have yet to be determined within the Trout Creek Watershed, 
located within the Manitou Springs Experimental Forest.  Determining the major 
hydrological components and how they influence this Ponderosa Pine ecosystem is the 
primary goal of this project.   Validity of these components may determine how 
susceptible the Ponderosa Pine ecosystem will be during seasonal forest fires or storm 
events.  Data collected in this area is used to determine the amount of rainfall, 
interception, runoff variability, and infiltration that influences moisture availability.  
Precipitation was recorded using tipping bucket rain gauges to estimate hydrologic inputs 
within a one square kilometer area.   Precipitation measurements included both open and 
under-canopy rainfall events in eleven specific sites, which determine the amount of 
interception that occurs over time.  Independent measurements of soil infiltration, soil 
moisture and soil temperature will also be made.  These measurements will be combined 
in a GIS database in order to quantify the major components of the hydrological cycle 
that control ecosystem behavior.  Preliminary results suggest that during dry summer 
seasons, precipitation and canopy interception are major hydrological components in this 
ecosystem.  It can be suggested that destruction or removal of the Ponderosa Pin canopy 
will have significant impact on the ecosystem.      

 

 

 

 

 



1.  Introduction 

The hydrological cycle in the Ponderosa Pine ecosystem located within the Trout 

Creek watershed has yet to be determined.  To understand this cycle, we must look at the 

major components of the hydrological system that control soil moisture and run 

variability within this area.    Creating a hydrological budget will help us determine what 

controls soil moisture and runoff variability, and how soil availability affects ecosystem 

behavior.   

Our area of study will begin in the Manitou Springs Experimental Forest (MEF) 

located on the Colorado Front Range, at the foothills of Pikes Peak.  Creating a surface 

and sub-surface hydrological budget to quantify major components such as, precipitation, 

interception, infiltration, soil moisture, soil temperature, soil pressure,  stream flow, and 

runoff.  Measurements of these variables will be collected to quantify the major 

hydrological processes that influence and control ecosystem behavior in the Ponderosa 

Pine ecosystem. 

The Colorado Front Range is a diverse environment of granite and limestone 

geology and a unique vegetation community standing up through gravelly, sandy loam 

soils.  To fully understand the impact the Front Range climate has on the Trout Creek 

watershed and the rich diverse ecosystem that depends on this, we must analyze each one 

of these factoring elements.  Precipitation measurements will be collected using a series 

of rain gauges.  Soil temperature, moisture content, and soil pressure sensors will also be 

used to quantify soil moisture and temperature variability. 

There are many applications in ArcGIS (Geographical Information Systems) that 

apply to the elements of our environment.  The use of this information is vital to the 

adaptation of plant, animal, and human life in this ever-changing environment.  With the 

data collected it will be possible to create many synthesis data sets and apply them to 

ArcGIS contributing to the continuance of the research in this area.  This will also make 

it possible to create maps of seasonal changes and better inform the public for potential 

flooding, drought, and rising temperature risks, occurring over time. 



2. Methods 

Developing a hydrologic database in the Manitou Experimental Forest (MEF) will 

take us through a series of measurements in and throughout the Trout creek watershed.  

This will include various installations of precipitation gauges and temperature sensors 

through a specific square mile area of the (MEF).  In the future, these measurements will 

be correlated with topographic, soil moisture, and precipitation variability data collected 

in past research studies in the (MEF) using ArcGIS software.  In addition, we will be 

taking measurements of specific key hydrological variables such as, canopy interception, 

soil moisture, runoff, stream flow, and evapotranspiration.  This will determine what 

hydrological factors, specifically runoff variability and soil moisture, will influence plant 

and ecosystem behavior in the (MEF).  Details regarding the development of the 

hydrological database and the specific measurements are provided below. 

 

We started by developing a surface and sub-surface water budget equation for the 

watershed as follows: 

 Surface Budget:  Precipitation – Infiltration – Runoff – Interception = 0 

 Sub-surface Budget:  Infiltration – Groundwater flow – Evapotranspiration 

– Percolation – Change over time, Soil moisture = 0  

Change in space of this particular area and change over time are what we determined to 

calculate from these equations. 

 Precipitation is recorded using the TEXAS Instrument model tipping bucket rain 

gauge (Figure I, II) to monitor rainfall events.  Each one of these events will be 

accumulated over time to time-series of precipitation occurrence and intensity at several 

locations around the site.  Eleven rain gauges were deployed within a one square 

kilometer area (Figure III).   



 

(Figure I):   Texas Instrument tipping bucket model rain gauge.  (Open Canopy site) 

 

(Figure II):  Texas Instrument tipping bucket model rain gauge.  Inside components of tipping 

bucket rain gauge. 

 

(Figure III to be inserted):  Topographic map showing terrain contours and Rain gauge sites. 

 

Four of the eleven rain sites were located under tree canopies (Figure IV).  



 

(Figure IV):  Under canopy rain gauge site. 

 

These rain gauges operate by catching the rain in a funnel, the water being measured 

automatically collected in a 1/100th of and inch tipping bucket reservoir (Figure V).  When a rain 

event occurs, the reservoir fills to capacity and tips, passing over a magnet that records each rain 

event.  

 

(Figure V):  Tipping bucket rain gauge reservoir.  Texas Instrument tipping bucket model 



 

Measurements of rainfall gauges beneath and in open areas of the Ponderosa Pine canopy 

determine the quantity of rainfall interception.  The ratio to under canopy, to the open rain sites 

will determine the fraction of rainfall that is intercepted.  During the summer of 2008, only 

measurements of open and under canopy rainfall and air temperature were collected.  Other 

measurements will be collected in the near future. 

Collecting data using ESRI software, ArcGIS 9.3 to project and develop additional 

datasets will be a primary goal of this research.  Specific data layers used come from the National 

Hydrological Database (NHDPlus, 2008), which include terrain, elevation and stream networks.  

Soils data will be specified by the STATSGO soils database (STATSGO, 2008).  Land use and 

Land cover type will be specified by the North American Land Cover (NALC, 2008) dataset.  

Topographic, land cover classification, terrain contours, and watershed flow datasets were 

download to be layered within specific maps showing rain water gauge sites and research area 

boundaries (Figure VI).  

(Figure VI to be inserted):  Land Cover classification and Trout Creek watershed. 

 

3.  Results 

 Developing a hydrological budget within the Trout Creek watershed has taken us 

to our first preliminary results.  Rain gauges, soil moisture sensors, soil pressure sensors, and 

soil temperature sensors have been installed to measure the major hydrological components 

of this Ponderosa Pine ecosystem.   From these installations, measurements have been 

collected from our rain gauges and temperature sensors.  Analysis of these results will help us 

determine what major hydrological components affect soil moisture and runoff variability as 

well as, how these components, in turn, influence this ecosystem.  Topographic, soil, and land 

cover data has been collected and projected into a common coordinate system in ArcGIS.  

Some of our initial findings and data products are described below. 

 

 Tipping bucket and bulk rainwater collector  rain gauges were installed in a one 

square kilometer area within the MEF, sampling both open and under canopy locations.  Each 

rain event is recorded by the tipping bucket gauge by filling the tipping-bucket reservoir 



inside the gauge.  As each event occurs, the tipping bucket passes over a magnet recording 

each of the rainfall events.  Rainfall events are accumulated over either fixed time periods 

(e.g. every 15 minutes) or over defined storm periods to provide estimates of rainfall 

intensity.  The bulk rainwater collectors (Figure VII) will be used as both a cross-check on 

the accumulated rainfall from the tipping bucket rain gauges as well as providing samples for 

chemical and isotopic analysis of rainwater.  A 0.5 inch layer of household mineral oil within 

the rainwater collectors will prevents evaporative loss and isotopic enrichment of the 

rainwater samples. 

(Figure VII to be inserted):  Bulk rainwater collector with 0.5 inch layer mineral oil. 

 

 To date, we have only acquired data from selected tipping bucket rain gauges and 

air temperature sensors.  Precipitation and temperature results from our rain gauges are as 

follows:  

 

We estimate the ratio of rainfall that is ‘lost’ to canopy interception as the ratio of: 

 under canopy (Punder) to  

 open canopy (Popen) total rainfall: 

 Interception ratio = 1 – (Punder / Popen) 

Using this estimate of the ratio of interception loss we calculate the percentage lost as 

follows: 

 % Interception = 100% * Interception ratio 

Figures X and Y show recorded rainfall and temperature from an 11-day period in early July, 

2008.  The blue lines and blue y-axis show number of tips accumulated in the rain gauges.  

Each tip corresponds to 0.01 of an inch of rainfall, which equates to 0.254 mm per tip.  

Therefore the total rainfall recorded : 

(Figure VIII):  Open canopy gauge was 14.2 mm  

 



 

(Figure VIII):  Accumulated rainfall events and air temperature from an open canopy site 

within the MEF. 

 

(Figure VIIII):  Under canopy rainfall was 9.1 mm 

(Figure VIIII)  Accumulated rainfall events and air temperature from an under canopy site within 

the MEF. 

 



Using these values we estimate the interception ratio as:    

 Int. ratio = 1 – (9.1 / 14.2) = 1 - 0.64  = .36 

Subsequently the percentage of interception is estimated as: 

 Int. loss = 36%  

From Figures VIII and VIIII we can also see that there is a large change in temperature between 

daytime and nighttime at the sites.  From the data it appears as though the open canopy site 

(Figure VIII) shows larger changes where temperature values range from approximately +5 to 

+40 degrees Celsius while the under canopy site (Figure VIIII) shows smaller differences of 

around +6 to +35 degrees Celsius.  It should be noted that the temperature sensors, which are part 

of the rain gauge data logger, were placed inside the rain gauge can.  This appears to result in 

erroneously high daytime temperatures when the sun heats up the rain gauge can.  Since these 

measurements were taken the temperature sensors are being moved into passively vented 

radiation shields to allow for more consistent measurements.  

 

 These are preliminary results of our precipitation and temperature measurements.  

Throughout the rest of the summer data will be collected from other rain gauge sites as well as the 

soil moisture, temperature and suction sensors.   

Maps were created to show contour terrain of the MEF and overlaid with watershed flow layers.  

We also created topographic maps showing our 11 rain gauge sites.  All terrain classifications are 

categorized within our watershed maps so it may show terrain in which this ecosystem (Figure 

X). 

(Figure X to be inserted):  NALCD Land Cover Classifications and Trout Creek watershed. 

 

 

 

 



4. Discussions 

 The Ponderosa Pine canopy plays a vital role in the sustainability of the Trout 

Creek ecosystem.  It can be suggested that destruction or removal of the tree canopy can 

result in a significant change in the ecosystem. 

 Tree canopy appears to be most important to interception during the 

summer season. 

 There appears to be a significant difference between under and open canopy 

temperature measurements.  This will have an impact on the amount of 

evaporation between open and under canopy sites. 

 A significant change to the ponderosa Pine canopy will potentially have a 

significant impact on the Trout Creek Watershed. 

Further discussions are to follow at a later date. 
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