
   

Western Washington  
Stormwater Effectiveness Studies 
 
 

Detailed Study Design Proposal & 
Quality Assurance Project Plan (QAPP) 
 

The effectiveness of trees in mitigating stormwater 
runoff in Western Washington 

 

 

 

 
 
Prepared For: 
Stormwater Action Monitoring 
Washington State, Department of Ecology  
300 Desmond Dr. SE (FedEx) 
P.O. Box 47600 (USPS)  
Olympia, Washington, 98504-7600  
(360) 407-6158  
 
Prepared By: 
Washington State University 
Puyallup Research and Extension Center  
2606 W Pioneer Ave  
Puyallup, Washington, 98371  
(253) 445-4500  
   
August 2019 
  



 

  Page | i 

Publication Information 

Proposal will be stored and accessible to the public  at www.ecology.wa.gov/SAM 

 

QAPP Authors and Contact Information 

Anand Jayakaran1, Ph.D., P.E. and Benjamin Leonard2 
Washington State University  
Puyallup Research and Extension Center 
1Associate Professor and 2PhD Student 
2606 W Pioneer Ave, Puyallup, Washington, 
98371 
anand.jayakaran@wsu.edu, (253) 445-4523 

Project Manager and Contact 
Information 

Linden Lampman 
Urban & Community Forestry Program Manager 
Washington State Department of Natural Resources 
linden.lampman@dnr.wa.gov, 360-902-1703 
 

 

 

 

 

 

 

 

 

 

 

 

http://www.ecology.wa.gov/SAM
mailto:anand.jayakaran@wsu.edu
mailto:linden.lampman@dnr.wa.gov


Version 1.0   Effectiveness QAPP 

  P a g e  | 2 

 

Signature Page 

Approved by: 

 Date  
Anand Jayakaran PhD PE, Primary Author, Washington State University 

 Date  
Linden Lampman, Lead Entity, Department of Natural Resources – Urban Forestry  

 Date  
Abby Barnes, Partner Entity, Department of Natural Resources - Aquatics 

 Date  
Keunyea Song, Ecology SAM Project manager 

 Date  
Brandi Lubliner, Ecology WQP QA Coordinator 
 
Signatures are not available on the Internet version. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Version 1.0   Effectiveness QAPP 

  P a g e  | 3 

 

1.0 Table of Contents 

 
SIGNATURE PAGE .................................................................................................................................................... 2 

1.0 TABLE OF CONTENTS ...................................................................................................................................... 3 

2.0 EXECUTIVE SUMMARY .................................................................................................................................... 6 

3.0 INTRODUCTION AND BACKGROUND ............................................................................................................... 7 

3.1 INTRODUCTION .......................................................................................................................................................... 7 
3.2 PROBLEM DESCRIPTION ............................................................................................................................................... 7 
3.3 RESULTS OF PRIOR STUDIES .......................................................................................................................................... 7 

4.0 PROJECT OVERVIEW ....................................................................................................................................... 8 

4.1 STUDY GOAL ............................................................................................................................................................. 8 
4.2 STUDY DESCRIPTION AND OBJECTIVES: ........................................................................................................................... 9 
4.3 STUDY LOCATION ....................................................................................................................................................... 9 
4.4 DATA NEEDED TO MEET OBJECTIVES ........................................................................................................................... 10 
4.5 TASKS REQUIRED TO CONDUCT STUDY ......................................................................................................................... 11 
4.6 POTENTIAL CONSTRAINTS .......................................................................................................................................... 11 

5.0 ORGANIZATION AND SCHEDULE .................................................................................................................... 12 

5.1 KEY PROJECT TEAM MEMBERS: ROLES AND RESPONSIBILITIES .......................................................................................... 12 
5.2 PROJECT SCHEDULE .................................................................................................................................................. 14 

6.0 QUALITY OBJECTIVES ..................................................................................................................................... 16 

6.1 BIAS .......................................................................................................................................................................... 16 
6.2 PRECISION .................................................................................................................................................................. 16 
6.3 REPRESENTATIVENESS ................................................................................................................................................... 17 
6.4 COMPLETENESS ........................................................................................................................................................... 18 
6.5 COMPARABILITY .......................................................................................................................................................... 19 
6.6 SENSITIVITY ................................................................................................................................................................ 20 

7.0 EXPERIMENTAL DESIGN ................................................................................................................................. 21 

7.1 STUDY DESIGN OVERVIEW ......................................................................................................................................... 21 
7.2 SAMPLING-SITE(S) SELECTION PROCESS ....................................................................................................................... 21 
7.3 TREE SELECTION PROCESS .......................................................................................................................................... 24 
7.4 TYPE OF DATA BEING COLLECTED ................................................................................................................................ 25 

8.0 SAMPLING & MONITORING PROCEDURES...................................................................................................... 27 

8.1 STANDARD OPERATING PROCEDURES ........................................................................................................................... 27 
8.6 FIELD LOG REQUIREMENTS ........................................................................................................................................ 30 

9.0 MEASUREMENT PROCEDURES ....................................................................................................................... 31 

9.1 PROCEDURES FOR COLLECTING FIELD MEASUREMENTS .................................................................................................... 31 

10.0 QUALITY CONTROL .................................................................................................................................... 31 

10.1 FIELD QC REQUIRED ............................................................................................................................................ 31 
10.3 CORRECTIVE ACTION ............................................................................................................................................ 32 

11.0 DATA MANAGEMENT PLAN PROCEDURES ................................................................................................. 33 



Version 1.0   Effectiveness QAPP 

  P a g e  | 4 

11.1 DATA RECORDING & REPORTING REQUIREMENTS...................................................................................................... 33 
11.2 ELECTRONIC TRANSFER REQUIREMENTS ................................................................................................................... 33 
11.3 LABORATORY DATA PACKAGE REQUIREMENTS .......................................................................................................... 33 
11.4 PROCEDURES FOR MISSING DATA ........................................................................................................................... 33 
11.5 ACCEPTANCE CRITERIA FOR EXISTING DATA .............................................................................................................. 33 
11.6 DATA UPLOAD PROCEDURES ................................................................................................................................. 34 

12.0 AUDITS ..................................................................................................................................................... 35 

12.1 TECHNICAL SYSTEM AUDITS ................................................................................................................................... 35 

13.0 DATA VERIFICATION AND USABILITY ASSESSMENT .................................................................................... 35 

13.1 FIELD DATA VERIFICATION .................................................................................................................................... 35 
13.3 DATA USABILITY ASSESSMENT ............................................................................................................................... 35 

14.0 DATA ANALYSIS METHODS ........................................................................................................................ 36 

14.1 DATA ANALYSIS METHODS .................................................................................................................................... 36 
14.2 DATA PRESENTATION ........................................................................................................................................... 36 

15.0 REPORTING ............................................................................................................................................... 36 

16.0 REFERENCES .............................................................................................................................................. 37 

17.0 APPENDICES .............................................................................................................................................. 38 

APPENDIX A – MAINTENANCE AND FIELD DATA SHEET ............................................................................................................ 38 
APPENDIX B – FLGS -TDP SAP VELOCITY SYSTEM ................................................................................................................. 39 
APPENDIX C HOBO NET SYSTEM .......................................................................................................................................... 41 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Version 1.0   Effectiveness QAPP 

  P a g e  | 5 

 
List of Figures 
Figure 1: Map of study locations showing The Evergreen State College (TESC) and Webster 
Nursery Farm (WFN) around the Olympia-Tumwater area of western Washington ............................  
Figure 2: Two plots in the organic farm area of TESC. CR1000 depicts one sap flux datalogger. 
RX3000 denotes one interception-soil moisture datalogger. ............................................................. 22 
Figure 3: Two plots in the Parking Lot C area of TESC. CR1000 depicts one sap flux datalogger. 
RX3000 denotes one interception-soil moisture datalogger. ............................................................. 23 
Figure 4: Four plots at the Webster Forest Nursery. CR1000 depicts one sap flux datalogger. 
RX3000 denotes one interception-soil moisture datalogger. ............................................................. 24 
Figure 5:  Sensor deployment strategy designed to quantify interception and transpiration ............. 25 
Figure 6: Profile (top) and plan (bottom) views of troughs and rain gage used to measure canopy 
throughfall .......................................................................................................................................... 28 
Figure 7: Profile of view o the arrangement of stem flow collar and stem flow container ............... 28 
Figure 8: Figure TDP. Radial depth bands of sap flow rates are computed from data collected from 
TDP sensors. Open circles indicate locations of thermocouples. Very little flow (or none) occurs at 
depths exceeding 9.0 cm for most tree species. .....................................................................................  
Figure 9: Example of good sap flux data ........................................................................................... 32 
Figure 10: Example of poor sap flux data ......................................................................................... 32  



Version 1.0   Effectiveness QAPP 

  P a g e  | 6 

2.0 Executive Summary 

Quantifying the amount of water native trees in the Pacific Northwest intercept and transpire will 
enable us to develop a tree water budget. Typical developmental practices in the region involve 
clear cutting forested tracts of land, preparing the development site by scraping off the surface soil 
layer and contouring the area, then planting developed sites with saplings. Greater knowledge of 
how much rainfall (equivalent) is emitted through leaves of mature trees can be used to incentivize 
developers and planners to retain larger mature trees during site preparation, mitigating the 
amount of runoff generated from those site. This study aims to quantify a mature individual tree’s 
water budgets and in-particular the amount of rainfall that does not manifest as runoff. The final 
goal of this study is to measure how interception and transpiration associated with 65 trees 
belonging to 4 native tree species, vary with climatic and soil conditions over a two-year study 
therefore quantifying stormwater mitigation impacts by mature trees. Two evergreen and two 
deciduous species were chosen with trees located at two sites in the Olympia-Tumwater area of 
western Washington, both with typical weather patterns associated with the Pacific Northwest 
(PNW) of the United States. Specific project objectives are: A) quantify annual transpiration rates 
for two mature species of evergreen trees, and two mature species of deciduous trees native to the 
PNW; and, B) quantify annual canopy interception rates for two species of evergreen trees, and 
two species of deciduous trees native to the PNW in order to quantify stormwater mitigation 
impacts by mature trees. Anticipated study outcomes are tree water budgets for four common 
species of PNW trees divided into four compartments – transpiration, interception, runoff, and stem 
flow. 
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3.0 Introduction and Background 

3.1 Introduction  
The goal of this project is to accurately measure and develop defensible median values for runoff 
reduction of retained trees in the PNW by direct measurement of interception and transpiration. 
The work is relevant for stormwater management in the entire western Cascades region. The study 
will be based on instrumenting a total of 64 trees in two locations in Olympia, WA - 32 individual 
trees at the Webster Nursery Farm and 32 at the Evergreen State College campus (Figures 1-4). 
These 64 trees will include two evergreen species (Douglas Fir and Western Redcedar) and two 
deciduous species (Bigleaf Maple and Red Alder). Each tree will be instrumented with sensors that 
measure interception, stemflow, transpiration, and localized soil moisture (Figure 5). When 
combined, data from these sensors will provide a complete view of how much rainfall is managed 
by an individual tree, or in simple terms, the rainfall that does NOT end up as runoff. Data will be 
collected over 24 months to include seasonal variability that is typical of the region.   
Specific project objectives are: A) quantify annual transpiration rates for two species of evergreen 
trees, and two species of deciduous trees native to the PNW; B) quantify annual canopy 
interception rates for two species of evergreen trees, and two species of deciduous trees native to 
the PNW, and 3) quantify stormwater mitigation benefit by mature individual trees. While it is well 
known the runoff mitigation potential of forest or large tree stands, there have been very few 
reports of the use of species-specific estimates for the hydrologic water-budget benefits for 
common trees in the Pacific Northwest. There is therefore still the need to quantify stormwater 
mitigation values associated with individual trees.  
WSU followed Ecology’s Guidelines for Preparing Quality Assurance Project Plans for 
Environmental Studies, July 2004 (Ecology Publication No. 04-03-030) in developing this QAPP. 

3.2 Problem Description 
Managing stormwater is a serious challenge in urban areas, particularly for rapidly growing urban 
communities in Western Washington. Urban trees in parks, natural areas, street-side, and on 
private lands combined with other green stormwater control elements provide excellent 
opportunities to reduce stormwater runoff into the Puget Sound.  
The importance of quantifying annual canopy interception and transpiration is critical since these 
processes can delay peak runoff timing and reduce runoff quantity.  Unlike deciduous trees, 
evergreens provide important canopy buffering capacity during the winter months when storms 
bring large amounts of precipitation in the PNW.  Tree crown size is important because large trees 
provide the greatest capacity for interception. Different species have different forms and canopies, 
and additional features that influence interception and transpiration (e.g., water-shedding or water-
focusing canopies and bark). Therefore, separate species need to be investigated to properly 
quantify how well each tree species manages incoming precipitation. 

3.3 Results of Prior Studies 
Results from previous studies established the current system of credits as outlined in “Tree 
Retention and Tree Planting” BMP in Ecology’s SWMMWW (Washington State Department of 
Ecology, 2014, BMP T5.16). These credits are based on an averaged transpiration rate of 10% of 
annual precipitation derived from two studies. The first study by Heal et al. (2004) estimated 
transpiration in Sitka spruce in Scotland, UK, to be about 12% of annual precipitation in turn 
derived from three lysimeter studies conducted in the 1950’s (Law, 1957; Calder et al., 1982). 
Unsworth et al. (2004) measured total vapor flux above a forest canopy in Wind River, WA 
between 1998 and 1999 and estimated that transpiration ranged between 66% and 68% of the 
total water vapor flux above the forest canopy.  
 

https://fortress.wa.gov/ecy/ezshare/wq/permits/Flare/Draft2019SWMMWW.htm#Topics/VolumeV/MiscLIDBMPs/BMPt516.htm?Highlight=Tree%20BMP
https://fortress.wa.gov/ecy/ezshare/wq/permits/Flare/Draft2019SWMMWW.htm#Topics/VolumeV/MiscLIDBMPs/BMPt516.htm?Highlight=Tree%20BMP
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Recently, WSU calculated transpiration rate as a function of annual precipitation or impervious 
surface equivalent using more recent study results measured in Minnesota (Peters et al., 2010). 
This study measured transpiration rates more directly through sap flux in evergreen and deciduous 
trees over two growing seasons. The result shows that transpiration (per canopy area) could 
capture as much as 53% of annual rainfall and 23% for evergreen trees deciduous trees. This 
effect is equivalent to reducing over 160 ft2 of impervious surface area.    
These are however only estimated values based on data derived from other parts of the country 
and represent only mathematical efforts and gross approximations of tree canopy area. There is 
therefore a critical need to measure transpiration directly through sap flux here in Western WA 
given our unique tree species and distinctive rainfall patterns. 
Table 3.3.1: Direct transpiration measurements made by Peters et al. (2010) in Minnesota. Rows highlighted 
in green are values reported in the study. Rows highlighted in blue were derived by WSU. 

Peters et al., 2010 – Minnesota Units Evergreen Deciduous 

Transpiration (per unit canopy area) kg H2O/m2/yr 307 153 

Ave. Canopy Area m2 31.1 73.6 

Annual Transpiration (whole tree) kg H2O/yr 9,548 11,261 

Annual Transpiration (whole tree) ft3 H2O/yr 337.1 397.6 

Annual Rainfall (average 2007 & 2008) in/yr 22.8 22.8 

Impervious Area Equivalent (assuming 95% 
runoff) ft2 168.5 198.7 

Transpiration (per unit canopy area) In 12.1 6.0 

Transpiration as a fraction of rainfall (per 
unit canopy area) %  53.0 26.4 

 

4.0 Project Overview 

The purpose of this study is to determine the ability of mature native evergreen and deciduous 
trees to limit the amount of rainfall that is transformed into stormwater runoff. The project aims to 
quantify how much rainfall trees in the PNW intercept and transpire. These two processes are 
essential to how trees can mitigate the amount of rainfall that manifests as runoff. Two types of 
native deciduous and two types of native evergreen trees will be instrumented to capture this 
information. In total, 64 trees have been identified for instrumentation at two locations in the 
Olympia, WA area. 
This study will offer valuable insight on how to hydrologically value existing trees. We believe that 
direct measurement of interception and transpiration of individual trees will give us a much-
improved picture of how native trees in Western Washington can limit stormwater runoff into Puget 
Sound. Lastly, directly measuring interception and transpiration from deciduous and evergreen 
trees will allow for the direct comparison of which species are more effective with regard to 
stormwater management in the region. 

4.1 Study Goal 
The study goal is to evaluate the potential of existing native evergreen and deciduous trees to 
manage stormwater in Western Washington. The results of this study may be used by stormwater 
managers and landscape developers to apportion greater value to existing trees and may bolster 
the argument that native trees growing in a lot scheduled for development must be conserved to 
the greatest extent possible. 
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4.2 Study Description and Objectives:  
The purpose of this proposed work is to develop a rigorously derived hydrologic budget for 
common evergreen and deciduous trees, based on soil, topographic, and climatic conditions seen 
in the Pacific Northwest. Douglas Fir, Western Redcedar evergreen trees and Red Alder and Big 
Leaf Maple deciduous trees were selected due to the conventional roles they have to the PNW 
region. These trees are frequently found in residential neighborhoods and on vacant sites within 
community growth management areas.   
Specific project objectives are: 

1. Quantify annual transpiration rates for two species of evergreen trees (Douglas Fir, 
Western Redcedar), and two species of deciduous trees (Red Alder, Big Leaf Maple) native 
to the PNW. 

2. Quantify annual canopy interception and stem flow rates for the same trees. 
3. Quantify associated environmental conditions such as microclimate and soil moisture to 

help explain interception, stemflow, and transpiration information. 

4.3 Study Location 
The two study locations in the south Puget Sound region near Olympia, WA are: 

1. The Evergreen State College (TESC) located at approximately 47° 4'14"N by 122°59'7"W. 
2. Webster Forest Nursery (WFN) located at approximately 46°56'53"N by 122°57'54"W. 

The sites are 8.7 miles apart from each other (Euclidean distance), or approximately 15 minutes 
(11.9 miles) by vehicle. Both locations offer power and security, which were primary considerations 
for this work. Both sites are considered forested, but better described as managed forest stands 
interspersed with agricultural practices, buildings, and a parking lot. Sites represent locations that 
would typically face development in a rural-urban interface, the interface that is seeing the greatest 
land use changes in western Washington. 
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Figure 1: Map of study locations showing The Evergreen State College (TESC) and Webster Nursery 
Farm (WNF) around the Olympia-Tumwater area of western Washington 

4.4 Data Needed to Meet Objectives 
Data needed to meet the study objectives are: 

1. Climatic data at both locations using research-grade weather stations located in open 
canopy spaces that will measure climatic data at 15-minute intervals. Data will be collected 
using a datalogger (RX3000, Onset Inc.) that will transmit the data via cellular modem to a 
central database that will be housed at WSU – Puyallup 

2. Throughfall rates: Throughfall will be measured by installing two 4-inch slotted pipes under 
every study tree.  

3. Canopy Interception:  Canopy interception will be estimated by total rainfall from total 
rainfall.  
Stemflow. Totalized storm event stemflow measurements for 16 evergreen and 16 
deciduous trees at two sites.  

4. Sap flux: Sap flux measurements will be carried for 32 evergreen trees and 32 deciduous 
trees located at two study sites  
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5. Soil moisture. 5 soils sensors at each site in order to capture an average soil moisture 
conditions at each station. 

 

4.5 Tasks Required to Conduct Study 

• Task 1 – Project Administration 
DNR will facilitate project administration by ensuring that project deadlines are met, 
completing purchasing needs, and ensuring timely communications with SAM.  

• Task 2 – Quality Assurance and Project Protocol (QAPP) development 
Prepare a Quality Assurance Protocol Plan (QAPP) for approval by Dept. of 
Ecology.  

• Task 3 – Instrument purchase 
DNR will purchase and own equipment and supplies necessary to complete 64 
individual tree monitoring.   

• Task 4 – Instrument installation and test 
Sensors will be installed at both site locations with effort provided by all parties 
involved, including personnel from WSU, WA DNR, Webster Nursery Farm, and The 
Evergreen State College (TESC).  

• Task 5 – Instrument Maintenance and Data Downloads 
All sensors and datalogging systems will be checked on a weekly basis, and data 
downloaded on a bi-weekly basis.  

• Task 6 – Data Analysis, Quality Assurance and Quality Control (QA/QC) check, and 
Data delivered to ECY 
Data will be analyzed using open source statistical and graphing software.  

• Task 7 – Final Report 

• Task 8 – Outreach/communication 

4.6 Potential Constraints  
Vandalism of instrumentation at TESC is a potential constraint, as is the potential for sensor failure 
at both sites. Adequate rainfall events are needed to quantify interception, and transpiration. The 
lack of a wide range of rainfall totals and intensities could lead to a lack of storm variability, a key 
ingredient for a statistically robust dataset. Climatic conditions, availability of staff, equipment 
malfunction, and study funding sources are all possible conditions that may impact the project 
schedule, budget, or scope. If potential constraints do arise, they will be reflected in the project 
audits and reports (see Section 12.0 Audits) and any necessary corrective actions will be taken. 
Possible corrective actions are summarized in Section 10.0 Quality Control. 
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5.0 Organization and Schedule 

5.1 Key Project Team Members: Roles and Responsibilities  
Key Team Members Role Responsibility 
Linden Lampman, WDNR 
360-902-1703, 
Linden.Lampman@dnr.wa.gov 

Project 
Manager 

Project Administration 

Ani Jayakaran, WSU 
253-445-4523, 
anand.jayakaran@wsu.edu 

Project 
Technical Lead 

Oversight of research, documentation, 
and data analyses including writing of 
proposal and QAPP 

Jamie Duberstein 
Clemson University 
jamieduberstein@gmail.com 

Sap Flow 
Study Lead 

Oversight of transpiration study 

Dylan Fischer, TESC 
fischerd@evergreen.edu 

Project 
Technical co-
lead 

Oversight of research at TESC 

Abby Barnes, WDNR 
Abby.Barnes@dnr.wa.gov 

Project  
coordination 

Coordinates TAC review, project team, 
meetings, equipment purchases.  
Assists Project manager as needed.  

Brandi Lubliner 
SAM Coordinator, Ecology 
brandi.lubliner@ecy.wa.gov 

Ecology QA 
Review 

Reviews the draft QAPP and provides 
Ecology QA approval of the QAPP.  
Interim TAC member. 

Benjamin Leonard, WSU 
Benjamin.leonard@wsu.edu 

QAPP Co-
author, data 
analyst 

Graduate Student, data collection and 
analyses 

Keunyea Song, Ecology 
keunyea.song@ecy.wa.gov 

Ecology 
Project 
Manager 

Reviews the project scope and budget, 
tracks progress, reviews the draft 
QAPP, and approves the final QAPP. 
approves deliverables and tracks 
progress on SAM project website  

 

  

mailto:Linden.Lampman@dnr.wa.gov
mailto:anand.jayakaran@wsu.edu
mailto:jamieduberstein@gmail.com
mailto:fischerd@evergreen.edu
mailto:Abby.Barnes@dnr.wa.gov
mailto:brandi.lubliner@ecy.wa.gov
mailto:Benjamin.leonard@wsu.edu
mailto:keunyea.song@ecy.wa.gov
https://ecology.wa.gov/Regulations-Permits/Reporting-requirements/Stormwater-monitoring/Stormwater-Action-Monitoring/SAM-effectiveness-studies/Water-budgets-of-individual-local-trees
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Table 5.2 TAC - Effectiveness of Trees in Mitigating Stormwater Runoff Members 

Name Title Roles  
   

Kevin Hansen, LHg, 
LG, LEED AP 

County Hydrogeologist 
Thurston County Water 
Resources 

Review QAPP   
Available for study review 
Review Final Report 
 

Mark Maurer, PE, PLA Thurston County Water 
Resources 

Review QAPP  
Available for study review 
Review Final Report 

Brandy Reed Director of Strategic 
Partnerships 
King Conservation District 

Review QAPP   
Available for study review 
Review Final Report 

Joe Roush Environmental Services 
Supervisor 
Waste Resources, Public Works 
City of Olympia 

Review QAPP   
Available for study review 
Review Final Report 

Juli Hartwig Roadside and Site Development 
Manager 
Washington State Department of 
Transportation 

Review QAPP   
Available for study review 
Review Final Report 

Foroozan Labib Water Quality Program  
Washington State Department of 
Ecology 

Review QAPP   
Review Final Report 
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5.2 Project Schedule 
 

 

Task 1. Project Administration 

D 1.1. Quarterly Report 1  12/31/2018 

D 1.2. Quarterly Report 2 3/31/2019 

D 1.3. Quarterly Report 3 6/30/2019 

D 1.4. Quarterly Report 4 9/30/2019 

D 1.5. Quarterly Report 5 12/31/2019 

D 1.6. Quarterly Report 6 3/31/2020 

D 1.7. Quarterly Report 7 6/30/2020 

D 1.8. Quarterly Report 8 9/30/2020 

D 1.9. Quarterly Report 9 12/31/2020 

D 1.10. Quarterly Report 10 3/31/2021 

D 1.11. Quarterly Report 11 6/30/2021 

    

Task 2. QAPP development D 2.1. Draft QAPP 7/8/2019 

D 2.2. Final approved QAPP 9/1/2018 
    

Task 3. Instrument purchase D 3.1. List of equipment/supplies ordered and procured by DNR in support of this 
study  8/1/2019 

    

Task 4. Instrument installation and test D 4.1 Email confirming successful installation of instruments with photos  9/1/2019 

D 4.2. Email confirming successful readings of instruments 10/15/2019 
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Task 5. Instrument Maintenance and data 
downloads D 5.Quarterly status update in the quarterly reports    
     

Task 6. Data analysis, QA and QC check, 
Data delivered to Ecology D 6.1 Copy of data in excel format  8/1/2021 
    

Task 7. Final report  D 7.1 Draft report to Ecology for comment  10/1/2021 

D 7.2. Final report  11/31/2021 
    

Task 8. outreach/communication D 8.1 Copy of presentation with stormwater managers and SWG 11/15/2021 

D 8.2. Electronic copy of Fact sheet draft  11/30/2021 
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6.0 Quality Objectives 

The primary data quality objectives for this project are to ensure that the measured data 
adequately represent sap flux, throughfall, stemflow, soil moisture, and climatic conditions in and 
around the 64 instrumented trees. Data will be generated according to procedures outlined in 
Section 8.0. Data will be deemed acceptable in terms of data quality as outlined this section and 
only those data that meet and exceed our data quality requirements will be used for additional 
analyses. 

6.1 Bias 
Bias is the systematic error that results in sample values that are consistently distorted in one 
direction from the “true” or known value (EPA, 2006; Erickson, 2013). Bias can result from 
improper data collection, poorly calibrated analytical or sampling equipment, or limitations or errors 
in analytical methods and techniques (Ecology, 2011). 
 
Table 6.1.1: Summary of the Data Quality Indicator (DQI) “Bias”. 

Sensor Approaches for Addressing Bias 

Soil moisture Soil moisture sensors are factory calibrated but will be analyzed over the course 
of the study for sensor drift. Sensor drift over 15% during comparable dry 
conditions will signal sensor drift and will require a replacement or re-installment 
of sensor. 

Weather 
station 

Weather station sensors are factory calibrated but will be analyzed over the 
course of the study for sensor drift. Sensor drift over 15% during comparable 
climatic conditions will signal sensor drift and will require a replacement or re-
installment of sensor. 

Sap flux 
sensors 

Sap flux sensors are factory calibrated but will be analyzed over the course of 
the study for sensor drift. Sensor drift over 15% during comparable climatic 
conditions will signal sensor drift and will require a replacement or re-installment 
of sensor. 

Through fall 
gage 

Interception gages will be calibrated annually using a rain-gage calibration kit. 
Minimum acceptable limits for calibration checks is 5%. 

Stem flow 
collector 

Collection unit will always be dried thoroughly after measurement, and only one 
type of graduated beaker will be used to measure collected stemflow. 

 

6.2 Precision 
Precision is the measure of agreement among repeated measurements of the same property taken 
under identical or substantially similar conditions (EPA, 2002 and 2006; Erickson, 2013). Data is 
considered precise when the measured values are consistently the same and imprecise when the 
measured values are consistently different (Erickson, 2013). Random error is a common cause of 
imprecise data and is always present because of normal variability in the many factors that affect 
measurement results. For example, variability in sampling or data collection procedures and/or 
variations of the actual concentrations in the media being sampled (Ecology, 2011).   
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Table 6.2.1: Summary of the Data Quality Indicators (DQI) “Precision” and Measurement Performance 
Criteria (MPC) for quantifying Precision 

Sensor Approaches for Addressing Precision 

Soil moisture No single soil moisture sensor measures the same volume of soil as another 
sensor, so precision will not be assessed. 

Weather 
station 

No single weather station sensor measures the same microclimate as 
another sensor, so precision will not be assessed. 

Sap flux 
sensors 

No single sap flux sensor measures sap flux in the same section of sap 
wood as another sensor, so precision will not be assessed. 

Through fall 
gage 

No single throughfall sensor measures throughfall under the same section of 
tree canopy as another sensor, so precision will not be assessed. 

Stem flow 
collector 

There will only be one stem flow collector at each studied tree, therefore the 
precision of stemflow measurement cannot be addressed. 

 

6.3 Representativeness 
Representativeness is a qualitative term that expresses the degree to which the data accurately 
and precisely represents the conditions being evaluated (EPA, 2002). Common variables 
considered when determining the degree of representativeness include the selected sampling 
locations, sampling frequency and duration, and sampling methods (Ecology, 2011).  While all 
environmental sensors used in this study will be deployed to measure data on a continuous basis, 
all sensors are prone to failure and erroneous measurements. For this study we aim to collect data 
that is representative of the range of climatic events that occur over 24-months in the region. At a 
minimum, we seek to quantify data from ALL sensors for at least 12 storm events that are above 
0.2 inches in 24 hours, and 12 inter-storm (dry) events. With these data, we expect to capture how 
four species of trees manage rainfall during and between precipitation events. 
Table 6.3.1: Summary of the Data Quality Indicators (DQI) “Representativeness” 

Sensor Approaches for Addressing Representativeness 

Soil moisture Data will be measured at 15-minute intervals over the entire 24-month period 
of the study. Five soil moisture sensors will be placed at equidistant positions 
at each of the four tree plots. The five plots will represent average soil 
moisture conditions at a plot of trees. 12 storm events, and 12 inter-storm (dry) 
events will be considered representative.  

Weather 
station 

Data will be recorded at 15-minute intervals over the entire 24-month period of 
the study. Two weather stations, one at each of the study locations will be 
installed in an open canopy area to measure climatic conditions at that 
location. 12 storm events, and 12 inter-storm (dry) events will be considered 
representative.  

Sap flux 
sensors 

Data will be measured at 15-minute intervals over the entire 24-month period 
of the study. Sap flux sensors will be installed at each study tree with the 
objective of measuring sap flux at least three depths in the sapwood, thereby 
enabling the development of an attenuation function that allows for the 
estimation of transpiration within the entire sap wood cross section for that 
particular tree. A total of 32 evergreen and 32 deciduous trees will be 
instrumented, distributed across 4 native tree species. 12 storm events, and 
12 inter-storm (dry) events will be considered representative.  
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Through fall 
gage 

Data will be recorded at 15-minute intervals over the entire 24-month period of 
the study. A single throughfall gage will be installed in a manner that it accepts 
throughfall from two slotted collector pipes installed below the tree canopy. 
The two collector pipes will be oriented in a manner that ensures that the slots 
are exposed to the most representative regions of that tree’s canopy. Canopy 
structure and orientation are not accounted for when arranging interceptor 
pipes primary because there are overlapping canopies around the trees, 
therefore best on our best judgement, areas of canopy that are most 
representative of the tree being studied will be chosen for locating interceptor 
pipes.  A total of 24 evergreen and 24 deciduous trees, will be instrumented, 
equally partitioned across 4 native tree species. A smaller number of trees will 
be instrumented for throughfall compared to sap flux due to the greater 
accuracy of throughfall instrumentation. 12 storm events, and 12 inter-storm 
(dry) events will be considered representative.  

Stem flow 
collector 

Stem flow will be collected at a tree by creating a collar around the study tree 
and diverting all water flowing down the tree trunk into a container. The stem 
flow collar will be installed in a manner that sap flux instrumentation also 
installed on the tree does not interfere with stem flow collection. If collecting 
stem flow from a tree is impeded by sap flux instrumentation, an alternative 
tree of similar species, age, and structure, will be chosen. A total of 12 
evergreen and 12 deciduous trees will be instrumented for stem flow. The 
smaller number of trees is due to low stemflow volumes expected and due to 
the high accuracy since stemflow is measured directly. 12 storm events, and 
12 inter-storm (dry) events will be considered representative. 

 

6.4 Completeness 
Completeness is the amount of valid data needed to be obtained during the study to meet the 
project objectives (Lombard and Kirchmer, 2004).  
Table 6.4.1: Summary of the Data Quality Indicator (DQI) “Completeness”  

Sensor Approaches for Addressing Completeness 

Soil 
moisture 

Data will be recorded at 15-minute intervals over the entire 24-month period of the 
study with the aim of capturing at least 12 storm events and 12 inter-storm (dry) 
periods. Five soil moisture sensors will be placed at equidistant positions at each 
of the four tree plots. The five plots will represent average soil moisture conditions 
at a plot of trees over two years. Obtaining 95% of continuous data that pass 
QAQC requirements over the 12 storm and 12 inter-storm events will be 
considered acceptable to meet the Completeness DQI. 

Weather 
station 

Data will be recorded at 15-minute intervals over the entire 24-month period of the 
study with the aim of capturing at least 12 storm events and 12 inter-storm (dry) 
periods. Two weather stations, one at each of the study locations will be installed 
in an open canopy area to measure climatic conditions at that location. Obtaining 
95% of continuous data that pass QAQC requirements over the 12 storm and 12 
inter-storm events will be considered acceptable to meet the Completeness DQI. 

Sap flux 
sensors 

Data will be recorded at 15-minute intervals over the entire 24-month period of the 
study with the aim of capturing at least 12 storm events and 12 inter-storm (dry) 
periods. Sap flux sensors will be installed at each study tree with the objective of 
measuring sap flux at least three depth in the sapwood, thereby enabling the 
development of an attenuation function that allows for the estimation of 
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transpiration within the entire sap wood cross section for that tree. Obtaining 95% 
of continuous data that pass QAQC requirements over the 12 storm and 12 inter-
storm events will be considered acceptable to meet the Completeness DQI. 

Through fall 
gage 

Data will be recorded at 15-minute intervals over the entire 24-month period of the 
study with the aim of capturing at least 12 storm events and 12 inter-storm (dry) 
periods. A single throughfall gage will be installed in a manner that it accepts 
throughfall from two slotted collector pipes installed below the tree canopy. The 
two collector pipes will be oriented in a manner that ensures that the slots are 
exposed to the most representative regions of that tree’s canopy. Obtaining 95% 
of continuous data that pass QAQC requirements over the 12 storm and 12 inter-
storm events will be considered acceptable to meet the Completeness DQI. 

Stem flow 
collector 

Stem flow will be collected at a tree by creating a collar around the study tree and 
diverting all water flowing down the tree trunk into a container. The stem flow 
collar will be installed in a manner that sap flux instrumentation also installed on 
the tree does not interfere with stem flow collection. If collecting stem flow from a 
tree is impeded by sap flux instrumentation, an alternative tree of similar species, 
age, and structure, will be chosen. 

 

6.5 Comparability 
Comparability is a qualitative term that expresses the measure of confidence that one dataset can 
be compared to another and can be combined or contrasted for the decision(s) to be made. Data 
are comparable if sample collection techniques, measurement procedures, analytical methods, and 
reporting are equivalent for samples within a sample set and meet acceptance criteria between 
sample sets.  
Table 6.5.1: Summary of the Data Quality Indicator (DQI) “Comparability”  

Sensor Approaches for Addressing Comparability 

Soil moisture There are no numeric measurement quality objectives for this data quality 
indicator; however, standard installment, standard sampling frequencies, units 
of measurement, and reporting conventions will be applied in this study to meet 
the goal of data comparability. 

Weather 
station 

There are no numeric measurement quality objectives for this data quality 
indicator; however, standard installment, standard sampling frequencies, units 
of measurement, and reporting conventions will be applied in this study to meet 
the goal of data comparability. 

Sap flux 
sensors 

There are no numeric measurement quality objectives for this data quality 
indicator; however, standard installment, standard sampling frequencies, units 
of measurement, and reporting conventions will be applied in this study to meet 
the goal of data comparability. 

Through fall 
gage 

There are no numeric measurement quality objectives for this data quality 
indicator; however, standard installment, standard sampling frequencies, units 
of measurement, and reporting conventions will be applied in this study to meet 
the goal of data comparability. 

Stem flow 
collector 

There are no numeric measurement quality objectives for this data quality 
indicator; however, standard installment, standard sampling frequencies, units 
of measurement, and reporting conventions will be applied in this study to meet 
the goal of data comparability. 
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6.6 Sensitivity 
Sensitivity denotes the rate at which the analytical response (e.g., absorbance, volume, meter 
reading) varies with the concentration of the parameter being determined. In a specialized sense, it 
has the same meaning as the detection limit (EPA, 2002).  The capability of a method or 
instrument to discriminate between measurement responses representing different levels of the 
variable of interest.  
Table 6.6.1: Summary of the Data Quality Indicator (DQI) “Sensitivity”  

Sensor Approaches for Addressing Sensitivity 

Soil moisture 10HS soil moisture sensors (±3.1%) 
 

Weather 
station 

Climatic sensors 
a. Temperature (± 0.21°C) 
b. Humidity (2.5 % RH) 
c. Photosynthetic Active Radiation (PAR) (±5 µmol/m2/sec) 
d. Solar Radiation (±10 W/m2) 
e. Barometric pressure (±3 mbar) 
f. Wind speed and direction (±1.1 m/s & ±1.4 degrees) 

 

Sap flux 
sensors 

Sap flux Thermal Dissipation Probe (TDP) sensors (0.1 Ω) 
 

Through fall 
gage 

Hobo Rain Gages (±4%) 
 

Stem flow 
collector 

± 50 ml 
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7.0 Experimental Design 

7.1 Study Design Overview 
The study involves instrumenting 64 trees at two locations in the Olympia area to determine 
transpiration rates of four species of large (>12” DBH) native trees, comprising two evergreen and 
two deciduous tree species. Of these 64 trees, all will be instrumented to measure sap flux and 
canopy interception, and 24 instrumented for stemflow. 
The two locations are TESC and the Webster Nursery Farm. At each of the two locations, a 
weather station will be installed to measure microclimatic variability. At each location, four plots of 
trees have been targeted for instrumentation giving a total of 8 plots between the two sites. 
Amongst these 8 plots, 32 deciduous and 32 evergreen trees have been identified for further 
instrumentation and comprise 15 Red Alder, 17 Bigleaf Maple, 22 Douglas Fir, and 11 Western 
Redcedar. Each of the 8 tree plots will be monitored for variation in soil moisture over the period of 
study. The work will be carried out over two years, starting in August 2019 and ending in August 
2021. 

7.2 Sampling-Site(s) Selection Process 
The Evergreen State College (TESC) and Webster Forest Nursery (WFN) were selected as 
sampling-sites for this study. The locations of these sites are presented in Figure 1.  
In total, 7 sampling-sites in the south Puget Sound region were evaluated and 2 were selected. 
Criteria for selection of trees included tree health, abundance and species diversity. In addition, 
site accessibility, power availability, and security were important considerations. The following sites 
did not meet criteria: Tacoma landfill, Tacoma Narrows Bridge, Mason Gulch, and WSU Puyallup 
Research and Extension Center. Only TESC and WFN were able to meet the criteria of site 
accessibility, power availability, and security while also offering at least 8 healthy replicates of four 
identified native tree species. 
During the site selection process 7 native tree species were considered and 4 were selected. This 
included the selected species: bigleaf maple (Acer macrophylum), douglas fir (Pseudotsuga 
menziesii), red alder (Alnus rubra), and western redcedar (Thuja plicata) in addition to black 
cottonwood (Populus trichocarpa), Garry oak (Quercus garryana), and grand fir (Abies grandis). 
The 4 species selected are very prominent in the region and include two evergreen species 
(douglas fir and western redcedar) and two deciduous species (bigleaf maple and red alder). The 3 
species not selected were consistently not present or present in low abundance or health across all 
proposed sampling-sites. 
The Evergreen State College (TESC) was surveyed on September 18th, 2018 by Ani Jayakaran, 
Jamie Duberstein, Carly Thompson, Dylan Fischer, Ben Leonard, and Ryan Bartlett. Site access 
was granted by Dylan Fischer. Four plots on campus were chosen and 32 trees were tagged as 
candidates. These areas are northeast of the organic farm (Figure 2) and northeast of parking lot C 
(Figure 3). Within each area, two sap flow stations were marked with 8 trees within a 50 ft. 
perimeter assigned to each station. 
Webster Forest Nursery (WFN) was surveyed on October 26th, 2018 by Ani Jayakaran and Ben 
Leonard. Candidate trees were then tagged on January 14th, 2019 by Anand Jayakaran, Carly 
Thompson, and Ben Leonard. Site access was granted by John Trobaugh. An area in the 
southwest corner of WFN was identified as a secure location with multiple groves of diverse tree 
species and access to power. Four plots with 33 trees were identified for instrumentation (Figure 
4). 
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Figure 2: Two plots in the organic farm area of TESC. CR1000 depicts one sap flux datalogger. 
RX3000 denotes one interception-soil moisture datalogger. 



Version 1.0   Effectiveness QAPP 

  P a g e  | 23 

 

Figure 3: Two plots in the Parking Lot C area of TESC. CR1000 depicts one sap flux datalogger. 
RX3000 denotes one interception-soil moisture datalogger. 
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Figure 4: Four plots at the Webster Forest Nursery. CR1000 depicts one sap flux datalogger. 
RX3000 denotes one interception-soil moisture datalogger. 

7.3 Tree selection process 
 
Only larger trees with well-developed canopies and trunks will be chosen, however, there is likely 
to be overlapping canopies as tree proximity is an important consideration when instrumenting for 
sap flux. Overlapping canopies can impact throughfall measurements. To circumvent this issue, 
collector pipes will only be placed under the part of the canopy not affected by canopy overlap. 
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Figure 5:  Sensor deployment strategy designed to quantify interception and transpiration 

7.4 Type of Data Being Collected 
Types of data that will be collected through this study comprise: 

1. Continuously measured climatic data recorded at 15-minute intervals at two locations. Open 
canopy rainfall, temperature, humidity, photosynthetically available radiation, and 
atmospheric pressure, wind speed, and wind direction.  

2. Continuously measured canopy throughfall recorded continuously and the data will be 
presented in 15-min intervals at 64 trees. The 64 trees will be distributed amongst locations, 
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tree plots, and tree species as best as possible. Based on initial investigations at both sites, 
15 Big Leaf Maple, 17 Red Alder, 21 Douglas Fir, and 11 Western Redcedar have been 
identified for instrumentation of canopy throughfall. 

3. Discretely measured per storm event totalized stemflow at 24 trees. Stemflow volumes will 
be measured by collecting stemflow associated with a storm event (or a series of storm 
events) in a container at the base of each study tree. Collected water will be measured 
using a graduated beaker. Once measurement is completed, the collection container will be 
emptied in preparation for subsequent storm event(s). 

4. Continuously measured soil moisture data recorded at 15-minute intervals at 8 tree plots. At 
each tree plot, an array of 5 soil moisture sensors will be deployed within the root zone. Soil 
moisture data aggregated to represent averaged soil moisture conditions per tree plot. 

5. Continuously measured sap flux data recorded at 15-minute intervals at 64 trees that are 
distributed across the 8 study plots. There are 8 trees that have been identified per tree 
plot. Based on initial investigations at both sites, 15 Big Leaf Maple, 17 Red Alder, 21 
Douglas Fir, and 11 Western Redcedar have been identified for sap flux instrumentation. 

6. Discretely measured tree metrics such as canopy area, leaf area index, tree diameter at 
breast height, will be measured for every one of the 64 instrumented trees. 

The number of individual trees, species, and sampling locations were chosen to provide enough 
statistical power to determine how well four types of native trees manage rainfall given variability in 
climatic events over a two-year period. 
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Table 7.4.1: Summary of locations, number of sensors installed per each tree type  

Location The Evergreen State College 
(TESC) 

Webster Forest Nursery 
(WFN) TESC 

total 
WFN 
total Total Area Organic Farm Parking Lot North Field South Field 

Site (Plot) 1 2 3 4 5 6 7 8 
Weather Station Installed (Y/N) Y Y N N Y Y N N - - - 

# of Soil Moist Sensor 5 5 5 5 5 5 5 5 20 20 40 

Tree type 

Bigleaf Maple 

# of trees 
Canopy 

throughfall  6 2 1  1 2 3 9 6 15 

Sap flow - 6 2 1 - 1 2 3 9 6 15 
Stem flow - 1 1 1 - 1 1 1 3 3 6 

Red Alder 

# of trees 
Canopy 

throughfall 6 - - 1 6 2 - 2 7 10 17 

Sap flow 6 - - 1 6 2 - 2 7 10 17 
Stem flow 2 - - 1 1 1 - 1 3 3 6 

Douglas Fir 

# of trees 
Canopy 

throughfall 2 2 - 6 2 5 1 3 10 11 21 

Sap flow 2 2 - 6 2 5 1 3 10 11 21 
Stem flow 1 1 - 1 1 1 - 1 3 3 6 

Western 
Redcedar 

# of trees 
Canopy 

throughfall - - 6  - - 5 - 6 5 11 

Sap flow - - 6  - - 5 - 6 5 11 
Stem flow - - 3  - - 3 - 3 3 6 

Total 

# of trees 
Canopy 

throughfall 8 8 8 8 8 8 8 8 32 32 64 

Sap flow 8 8 8 8 8 8 8 8 32 32 64 
Stem flow 3 2 4 3 2 3 4 3 12 12 24 

 

8.0 Sampling & Monitoring Procedures 

8.1 Standard Operating Procedures  
1. Climatic data will be measured using two weather stations (HOBO-Onset) installed at the 

two sites – one at TESC and one at Webster. Weather stations will be installed per the 
instruction manuals provided. Recorded data will be transmitted to WSU Puyallup on an 
hourly basis. Sensor calibration and maintenance will be carried out on a monthly basis. A 
rain gage calibration kit will be used to ensure the rain gage is appropriately calibrated. 
Maintenance will ensure that batteries are adequately charged and that sensors are not 
obscured by debris. 

2. Canopy throughfall instrumentation will comprise two slotted sections per tree of 4-inch 
schedule 40 pipe, with 64 trees chosen for throughfall instrumentation. Both pipes will be 
arranged so that they empty into a HOBO-Onset rain gage. Slots will be cut in the PVC 
pipes in order to maximize exposed surface area while maintaining the structural resilience 
of the pipe. This design was based upon a technique used by Asadian (2010) who cut three 
31.5 in. (0.85 m) by 1.1 in. (0.028 m) slits in 9.8 ft. (3 m) for collecting throughfall. Slit area 
was expanded after correspondence with the author of this study. Three 33.3 in. by 1.5 in. 
slits were cut to provide a surface area of ~150 in2 per trough. This results in a total surface 
area of 300 in2 per tree. This arrangement is illustrated in the schematic below and 
conforms with methodology also used by Asadian and Weiler (2009). The schematic below 
shows the arrangement of pipes and rain gage in profile (left) and in plan (right). Rain 



Version 1.0   Effectiveness QAPP 

  P a g e  | 28 

gages will automatically log and transmit data to a central datalogger, which in turn will 
transmit data to WSU-Puyallup on an hourly basis 

 
Figure 6: Profile (top) and plan (bottom) views of troughs and rain gage used to measure canopy 
throughfall 

3. Totalized stemflow at 24 trees will be measured by diverting stemflow into a container at the 
base of each study tree. Collected water will be measured using a graduated beaker and 
recorded. Once measurement is completed, the collection container will be emptied in 
preparation for the next storm event(s). The arrangement of stem flow collar and container 
is depicted below. While stem flow and throughfall will be measured at each tree, the 
schematics above and below depict only one of the two types of instrumentation. Stem flow 
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collected in the stem flow container will be measured after every major storm event using a 
graduated beaker. 

 
Figure 7: Profile of view shwoing arrangement of stem flow collar and stem flow container 

4. Soil moisture data will be measured at each of the 8 study plots. At each tree plot, an array 
of 5 HOBOnet soil moisture sensors will be deployed at a depth of 30cm to measure soil 
moisture variability in the root zone. Each soil moisture sensor will be installed per 
instructions provided by the manufacturer. Data will be transmitted to a central datalogger, 
which in turn will transmit data to WSU-Puyallup on an hourly basis. 

5. Continuously measured sap flux data will be recorded at 64 trees using 8 TDP-Dynamax 
systems that comprise Granier probes installed at three differing depths into the trees 
sapwood. Installation of the system is highly specialized and is not meant to be replicated 
by anyone other than a trained professional. In our study, installation of these probes will be 
carried out by Drs. Duberstein and Fischer. In brief, probes will be installed at various 
depths depending on the diameter of the tree 
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6. Tree metrics such as canopy area, leaf area index, tree diameter at breast height, will be 
measured for all 64 instrumented trees once at the beginning of the study. At the end of the 
study, each tree will be cored to assess approximate tree age. 

 

8.6 Field Log Requirements 
A field log will be maintained for all two-weekly maintenance and data download trips. Information 
recorded will include but not be limited to: 

• Date and time  
• Field staff names  
• Monitoring location, # of plot, # of tree 
• Relevant climate conditions (i.e. general conditions like raining, dry, overcast, sunny)  
• Sampling equipment condition  
• Instrument calibration procedures  
• Space for adding comments about activities or issues that may influence the quality 

of the data 
• Stem flow volume collected 

A more detailed template is provided in the Appendix A. 

Figure 8: Figure TDP. Radial depth bands of sap flow rates are computed from data 
collected from TDP sensors. Open circles indicate locations of thermocouples. Very little 
flow (or none) occurs at depths exceeding 9.0 cm for most tree species. 
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9.0 Measurement Procedures 

9.1 Procedures for Collecting Field Measurements 
All data recorded for this study will be collected through sensor technology. All field data will 
therefore either be transmitted to a central hub at WSU Puyallup or will require download from 
dataloggers. The only field measurements taken will be that of stem flow, where water from a stem 
flow collar is diverted into a collection container. The volume of water in every stem flow container 
will be measured by carefully emptying the contents of the container into a 1-liter graduated 
beaker. Once the graduated beaker is at maximum capacity, it will be emptied out and refilled until 
the stem flow collection container is empty. The number of times the graduated beaker was filled 
and the volume of the last partially filled beaker allows for an estimation of stemflow at that tree 
since the last storm event. The total volume of stem flow, the date and time the measurement was 
taken, and the tree identification number will be recorded. 

10.0 Quality Control  

10.1 Field QC Required 
Field notes will be maintained, and all equipment will be routinely maintained over the study. 
Specifically, the following activities will be carried out:  

1. Develop and consistently follow instrument and equipment calibration checks per 
manufacturer recommendations 

2. Create an equipment maintenance and instrumentation calibration schedule that identifies 
equipment, procedures, and frequency 

3. Develop and consistently follow record keeping procedures (see section 11.0, Data 
Management) 

4. Provide proper training to the field staff on all procedures 
For the sap flux data collection, the following steps will be carried out: 

1. Confirm that there is not a problem with any computer software involved in 
downloading/analyzing data. Retrieve data again from a different computer using Campbell 
software. Attempt to plot data using different software (e.g. Excel or R-Studio). 

2. Visit site and check cable connectivity and wiring diagram. 
3. Repair any shorts or connectivity issues (one at a time). This may include kinked cabling or 

linkages clogged with dirt/debris. Clean connections using isopropyl alcohol and ensure a 
tight connection complete with rubber o-rings. 

4. If no issues appear, replace probes and watch signal for 24-48 hours to make sure sap flux 
pattern is stable. A stable pattern should include raw values between 3 and 8 and should 
appear diurnal (Figure 9 - Good). An unstable signal is sporadic and may include values 
well outside of the acceptable range (Figure 10 – Bad). 

5. Check replaced probes for shorts etc., and categorize them as in need of repair, trash, or 
undamaged. 

6. If replaced probes are undamaged, and signal from new probes is still bad, go back to step 
2. 
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Figure 9: Example of good sap flux data 

 
Figure 10: Example of poor sap flux data 

10.3 Corrective Action 
Corrective actions will be required to respond to either (1) physical failure of instrumentation or 
interception troughs (e.g. due to damage, vandalism, obstructions, etc.), or (2) apparently 
erroneous data has been collected (e.g. data gaps in data collection, bias due to drift, etc.). 
Corrective actions to correct physical failures of the monitoring equipment will be implemented 
through inspection of monitoring equipment prior to anticipated storm events (as possible within the 
budget allotment). If physical failures of equipment are identified prior to or during storm events, 
simple actions to correct the issue will be taken immediately (e.g. removing debris or reinstallation). 
Reinstallation of monitoring equipment will otherwise be conducted when best feasible either 
during or between storm events. Identification of erroneous data will not occur until data is 
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downloaded from each site (semimonthly). Correction of erroneous data will be conducted through 
the data review and correction process (see Section 11.1). 

11.0 Data Management Plan Procedures 

11.1 Data Recording & Reporting Requirements 
All project related data will be stored at WSU-Puyallup and backed up daily. A backup will also 
exist at TESC. All sap flux, throughfall, climatic, stem flow, and soil moisture data will be reviewed 
within a week of the site maintenance visits to identify potential problems and address and 
minimize data gaps or errors. All data will be verified using the following steps.  

1. Data will be reviewed for missing data values and determine if the gaps can be filled with 
estimated or alternate data. For example, if the facility rain gauge is offline a nearby rain 
gauge might be used to fill in the gap. The process for filling in each gap will be 
documented 

2. Anomalies or outliers will be identified. Examples of anomalies are sudden changes data 
despite the lack of a storm event to trigger a change in environmental conditions. 
Additionally, if the data appears to flat line despite a storm event or a change in 
environmental conditions that would normally yield a change in conditions. The process for 
addressing each anomaly will be documented.  

3. All data will be cross checked against field forms and calibration records. Sensors may 
need to be adjusted for drift or offset.  

4. Data may also be compared across rainfall events. Are expected yields/patterns across 
events consistent? Do throughfall or stem flow rates yield similar amounts for similar rainfall 
events. 

11.2 Electronic Transfer Requirements 
Data from all weather stations, rain gages (throughfall), and soil moisture sensors will be 
transmitted from each sensor to a central receiving station, one station at TESC and one at 
Webster Nursery Farm using a 900 MHz wireless mesh technology. From two receiving stations, 
data will then be transmitted to a central database at WSU via cellular modem network. 

11.3 Laboratory Data Package Requirements 
Not applicable 

11.4 Procedures for Missing Data 
1. Missing data will be filled in when appropriate through interpolation techniques such linear 

or spline fitting to fill in the gaps. However, data missing over a 24-hour period is unlikely to 
be suitable for this type of gap filling. When appropriate, missing climatic data can be filled 
in using data from other proximal weather stations. 

2. All missing data will be coded appropriately to show that the data are “filled” through 
interpolation or matching from local sensors. 

3. Missing data will be reported with results. 

11.5 Acceptance Criteria for Existing Data 
Not applicable 
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11.6 Data Upload Procedures 
Data will be stored in a secure site on WSU servers, and made available to non-WSU partners via 
two cloud storage services - DropBox1 and GitHub2. The choice will be based on what suits the 
partners the best. Data will also be stored on the SAM project page. Data will be stored as comma-
limited text files with appropriate data qualifying codes, on all the above-mentioned locations. Data 
will be processed using the R statistical computing environment, and other non-proprietary 
software. Data will also be made available to the public through the Shiny3 interactive web app.   

                                                 
1 https://www.dropbox.com/ 
2 https://github.com/ 
3 https://shiny.rstudio.com/ 
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12.0 Audits 

Project technical leads will conduct monthly audits throughout the period of the study to ensure that 
field and data processing are meeting previously detailed QC steps. The outcomes of these 
monthly audits will be documented and included in quarterly reports to SAM. The Ecology Program 
manager and DNR Project Manager may conduct audits as needed.  

12.1 Technical System Audits 
Audits of the technical system include: 

1. Verifying that field staff are following the SOPs for sensor maintenance, sensor calibration, 
and field measurements (stem flow) 

2. Verify the data management procedures are followed including field data recording  
 

 

13.0 Data Verification and Usability Assessment 

13.1 Field Data Verification 
All data generated will also be reviewed by other project partners associated with each aspect of 
data collection (i.e. sap flux, throughfall, tree physiology, and climatic data). Data measured by all 
sensors will also be corroborated against additional equipment installed at both sites that are not a 
part of this study. 

13.3 Data Usability Assessment 
Upon completion of the data verification the project technical lead will make a final determination of 
the data usability. If data meet the Data Quality Objectives (DQO) listed in 6.0, then the data will be 
deemed useable for meeting the study objectives. The project data analyst will look at qualified 
data and evaluate its impact to the overall DQO. If data are rejected, a determination must be 
made of whether the quantity and quality of the valid data are enough to meet the study objectives. 
Thorough documentation will be made of any decision to reject data as it may require additional 
effort to replace the intended data. Usable data is acceptable for all study related analysis.  
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14.0 Data Analysis Methods 

14.1 Data Analysis Methods 
Data will be analyzed using standard statistical methodology for analyzing time series data as well 
as using multivariate regression techniques. Parametric and non-parametric statistical techniques 
will be used dependent upon data distribution. Significance will be assessed at α = 0.05. Normality 
of data sets will be assessed using Shapiro-Wilk’s method. All data analyses and figure-generation 
will be carried out using the free open source software R. However, MS Excel will be used as well 
to ensure that those project partners unfamiliar with R can view and manipulate data. 
Null hypothesis that will be tested are: 

1. Climatic conditions at both sites are similar. 
2. All trees manage rainfall in a similar way – i.e. interception and transpirative processes are 

similar amongst four native tree species. 
3. Climatic and soil moisture conditions do not influence interceptive and transpirative 

processes for an individual tree 
Dependent variables for analysis include throughfall data by which interception by tree species can 
be calculated over the period of study, sap flux data by tree that will be scaled up by tree size to 
estimate tree water use, and lastly totalized stem flow measured after each storm event. Lastly 
changes in soil moisture, day of year, and climatic data especially rainfall (R) will be used as 
independent variables, or predictors of how well each species of trees can manage rainfall. 
Ultimately, the amount of rainfall that a tree can “manage” through interception and transpiration 
over the period of this study, is the volume of water that would ultimately not be available as 
stormwater runoff. 

14.2 Data Presentation 
Field data results and statistical modeling will be delivered in narrative, tabular and graphical 
formats in the form of a final project report. Electronic copies of QC reviewed data files will also be 
provided to the SAM project manager. 
 

15.0 Reporting  

Study findings will be disseminated by both DNR and WSU as project presentations made by 
technical leads and students, project fact sheets, research papers, and a final project report.  All 
final reporting documents will be located on the Ecology SAM - Effectiveness Studies website 
(https://ecology.wa.gov/Regulations-Permits/Reporting-requirements/Stormwater-
monitoring/Stormwater-Action-Monitoring/SAM-effectiveness-studies).   

 

  

https://ecology.wa.gov/Regulations-Permits/Reporting-requirements/Stormwater-monitoring/Stormwater-Action-Monitoring/SAM-effectiveness-studies
https://ecology.wa.gov/Regulations-Permits/Reporting-requirements/Stormwater-monitoring/Stormwater-Action-Monitoring/SAM-effectiveness-studies
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17.0 Appendices 

Appendix A – Maintenance and Field Data Sheet 
ROUTINE MAINTENANCE & FIELD DATA SHEET   

Field Tech Names: _______________________    Date: ____________________ 

Site name: __________________      Plot no.: _________________ 

Throughfall and Soil Moisture Instrumentation Checks 

1. Check every rain gage and interception trough for clogging 

2. Check all rain gages are connected to the RX3000. Check connection to mote and power. 

 
3. Check all soil moisture sensors are connected to the RX3000. Check connection to mote and power. 

 
Weather Station and RX3000 Checks 

Record Tree IDs associated with clogged rain gages 

 

 

 

 

 

Record Tree IDs associated with faulty rain gages and a “yes” or “no” if fault was remedied 

 

 

 

 

 

Record soil moisture sensor number associated with faulty sensors and a “yes” or “no” if fault was remedied 
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Check physical integrity of system and that data are being transmitted to the main data portal. Check 
power and sensor connectivity. 

System working? Yes / No    Follow up maintenance required? Yes / No 

Sap Flux System Checks 

1. Inspect system for physical integrity. 
2. Connect to the TDP system with laptop and check for connectivity. 
3. Download data – check for channels that have NAN’s 
4. Inspect cables, and power source. 
5. measure deep cycle marine battery voltage: __________V 

System working? Yes / No    Follow up maintenance required? Yes / No 

 
Stem flow volume measurements 

1. Check for physical integrity of system 
2. Empty stem flow container into graduated beaker and measure total volume by repeatedly filling 

beaker and emptying until stem flow container is empty. 
Beaker volume: ______________ml 

Number of times beaker was filled [record tally marks]: _________________________ 

Last aliquot in beaker: ________________ml 

Total volume in container: _______________ml 

 

 

Notes: 

 

 

 

 

 

Notes: 
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Appendix B – FLGS -TDP Sap Velocity System 
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Appendix C Hobo Net System 
Onset Repeater 

 

 

 



Version 1.0   Effectiveness QAPP 

  P a g e  | 43 
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RX3000 Data Logger 
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HoboNet Rainfall Sensor 
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HoboNet Soil Moisture Sensor 
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