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Idaho
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Boise Watershed

land use
Land use (km2) Land use change 

1992 2006 (km2) (%)

Urban area 215 547 332 154.41

Barren/Mining 391 22 -368 -94.22

Forest 3055 3009 -48 -1.50

Upland or Shrub 
land

3121 3032 -88 -2.84

Grass land 2041 2423 381 18.69

Agriculture 1492 1293 -198 -13.22

Water/Wetlands 121 110 -11 -9.63

❑Land use changes

LANDUSE

A
g
ri
c
u
lt
u
re

B
a
rr
e
n
 o

r 
M
in

in
g

Fo
re

st

G
ra

ss
 la

n
d

U
p
la

n
d
 o

r 
S
h
ru

b
 la

n
d

U
rb

a
n
-H

ig
h
 in

te
n
si
ty

U
rb

a
n
-L

o
w
 in

te
n
si

ty

U
rb

a
n
-M

id
 in

te
n
si

ty

U
rb

a
n
-o

p
e
n
 s

p
a
c
e

W
at

e
r 
/ W

e
tl
a
n
d
s

1992 Land use

2006 Land use

Lower Boise Watershed

Upper Boise Watershed

Lower Boise Watershed2018 Land use???

Land use change from 1992 to 2006 

200 

154.41 
150 

~ ., 
~ 100 .. 

L 
u 

~ 
::, 

50 "C 
C .. .... 18.69 

-1.50 -2.84 
0 

Urban area Forest Upland or 
Shrub land 

-50 

-100 --- _J 



Research Questions

• How much does urbanization affect local hydrology?

• How hydrological models can characterize 

urbanization effects in rainfall-runoff simulations? 

• Land use change did contribute to water pollution in 

the river downstream? 

• Low Impact Development with BMP can help non-

point source (NPS) control in waterways? 

• How to evaluate alternatives if LID/BMPs applicable 

for NPS control in the study area



HSPF

• Hydrological Simulation Program-Fortran 
(HSPF)-Stanford Watershed Model (Crawford 
and Linsley 1966)

• Lumped model-homogeneous land segments in 
each delineated sub-basins

• Better Assessment Science Integrating Point 
and Nonpoint Sources (BASINS) – EPA 1996

• GIS capability- Semi-distributed model (hspf)
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Data Input

• Gridded Weather Data: 4km by 4km spatial 
resolution (NLDAS: North American Land Data 
Assimilation System)

• Daily time steps
• Data Periods: January 1979 – December 2013 (25 

years)
• Data used: Precipitation, Minimum Temp, 

Maximum Temp, Mean Temp, Wind Speed, 
Humidity for Penmann-Monteith ET
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Watershed Delineation

Gridded Weather Data Locations

Weather Data Used for Sub basins in HSPF

• Gridded Weather Data: 4km by 4km 

spatial resolution

• Daily time steps

• Data Periods: 1979 – 2013 (25 years)

• Data used: Precipitation, Minimum 

Temp, Maximum Temp, Mean Temp, 

Wind Speed, Humidity

About 70 subbasins
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Hydrological Simulations
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Lower Boise Watershed

Upper Boise Watershed

SF BOISE RIVER NR 
FEATHERVILLE

(Site No. 13186000) 

MORES CREEK AB 
ROBIE CREEK NR 

ARROWROCK DAM
(Site No. 13200000)

BOISE RIVER NR TWIN 
SPRINGS

(Site No. 13185000)

Anderson Reservoir
(Site No. 13190500)

Lucky peak dam
(Site No. 13202000) 

BOISE RIVER NR PARMA
(Site NO. 13212995)
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Hydrological Simulations
(Above Reservoir)

❑ Station 1: Mores Creek near Arrow Rock Dam, 
USGS#: 13200000

R = 0.89

NS = 0.79

RMSE = 140.07

MPE(%): 6.75
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Hydrological Simulations
(Above Reservoir)

❑ Station 2: South Fork Boise River near Feathervilee, 
Above Anderson Ranch Dam, USGS#: 13186000

R = 0.88

NS = 0.75

RMSE = 661.03

MPE(%): 6.29
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Hydrological Simulations
(Above Reservoir)

❑ Station 3: Boise River near Twin Springs above 
Arrow Rock Dam, USGS#: 13185000

R = 0.88

NS = 0.77

RMSE = 450.17

MPE(%): 7.1
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Hydrological Simulations
(Below Reservoir)

❑ Station 5: Right below Lucky Peak Reservoir, USGS#: 
13202000

R = 0.77

NS = 0.54

RMSE = 1458.72

MPE(%): -89.52
-V'I 

16000 

14000 

12000 

~ 10000 
3 
0 .;:: 8000 
E 
ru 
~ 6000 -V) 

4000 

2000 

0 

- After calibration - OBS 

A LEGACY OF LEADING 
of Idaho 



Hydrological Simulations
(Below Reservoir)

❑ Station 6: Boise River near Nampa, Mouth of 
Watershed, USGS#: 13212955

R = 0.70

NS = 0.48

RMSE = 904.34

MPE(%): -17.16
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Water Quantity and Quality (WQQ) 
Assessment Induced by Urbanization
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Hydrological Responses to Land Use Change

Streamflow
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Hydrological Responses to Land Use Change
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Environmental Responses to Land Use 
Change

BOD
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Environmental Responses to Land Use 
Change

BOD
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Hydrological and Environmental Responses 
to Land Use Change

T-P

24%

10000 100 
• 1992 landuse • 2006 landuse -+-Increasing{%} 

> 8000 
ta 

""C ........ 
• so 

Ji -C 6000 
0 
C0 
C 
ta e 4000 

ta 
::::s 
::::s 
C 
<t 2000 

0 

~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~ 

Vear 

A LEGACY OF LEAD I NG 
, 

-';le. 
60 -

tl.O 
C 
V) 

ta 
a, 

40 b 
C 

20 

0 



Hydrological and Environmental Responses 
to Land Use Change

T-P
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Environmental Responses to Land Use 
Change

T-N
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Environmental Responses to Land Use 
Change
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Hydrological and Environmental Responses 
to Land Use Change

Sediment
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Hydrological and Environmental Responses 
to Land Use Change

Sediment
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Low Impact Development (LID)Techniques in 
Boise

Bioretention Drywell

Permeable pavement Buffer strip
Design Guidelines for 
Porous A sphalt with 

Subsurface Infiltration 

i 

, 

FILTER FABRIC~:,;_:_.:::::..::__;:::_;..;_ __ ..;_..:....;..;... _____ _ 

LINES THE ·--~~.JA~ ~=z=.:.-

SUBSURFACE BED 

ROOF LEADER 

_j;' 
BUILOING I 

FOUNDATION 

MINIMUM 2' 

ac.a 
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Best Management Practice (BMP) in 
Agriculture

Vegetative Filter Strip I Vegetative Filter Strip II

-~-.:=>.. I lX1 

NATURAL BUFFERS FOR AGRICULTURAL LANDS 
Buffer strips of grass, trees and other perennial plants planted along stream banks 
can catch chemicals and contamina ted water before they nm off a farme r's field . 

Source: USOA-ARS-N.rtlonal Laboratory for Narure and the Effllironment. Iowa State University 

Phosphorus binds to soil Mudd wate r 
can cany it straigh 
buffer strips that s 
the phosphorus toe 

MARK BOSWELL • Star Tribune 



WQ Monitoring and Data Collection

1. Water quality monitoring before     

and after implementation of ag (or 

other) BMPs 

: Methodology Real-time ground 

sensing/Remote sensing using 

Unmanned Aerial System (UAS, 

a.k.a. drone)
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UAS Applications for Water Resources



Water Quality Monitoring, Caldwell (Summer, 2016)
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Sampling Activities
https://www.youtube.com/watch?v=DRjiYuQSulU
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SPRING 2018 
iDRONE 
Moscow, Boise, Pocatello 
3 days each of flying drones, understanding regulations, and 

exploring our surrounding through the eyes of drones 

for middle and high school students who want to see what drones 

can do for fun and for research 

University of Idaho 

Jae Ryu 

j ryu@u ida ho.ed u 

Kirsten LaPaglia 

Kirsten@uidaho.edu 

208-885-5819 
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iDrone STEM is awesome! 

I didn’t like STEM before this. 



It was very hands on and taught me about how to fly drones safely. 
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1.WQQ Modeling associated with 

urbanization

2.Real-time WQQ monitoring and 

data collection using ground and 

remote-sensing (e.g., UAS) before 

and after BMP installation

3.Data clearing house (water data, 

GIS, and other data portal) 

Messages
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Questions?

jryu@uidaho.edu
(208) 332-4402
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