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Background




The Green Wall







Interdisciplinary Cross Campus
Collaboration and Education

38 students, 8+ disciplines
65+ faculty and staff across departments
Local contractor

Outdoor classroom for 8+ different courses and numerous
professional tours

Widely publicized including American Airlines Magazine,
Green Magazine in Taiwan, NRDC Blog
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what we are researching

Flora - plant growth, death, maintenance

Fauna - bird and insects, habitat, urban impacts

Water - water use, water recycling, irrigation

Temperatu e — urban heat island effect, building performance



Green Seed Timeline

Flora -(June 2012) — September 2015
Fauna -June 2014 - July 2015
Water - August 2014 — September 2015

Temperature — August 2014 — September 2015

Data Analysis - September 2015 — June 2016

Dissemination:
* On Sustainability Conference Jan 24, 2016 in Portland OR

* Washington Society of Landscape Architects Conference April 1 2016
in Lynnwood WA

e Journal of Living Architecture Article, Submitted February 2016
 1-2 more journal articles in progress



Water

water use, water recycling, irrigation

up to irrigate
green walls

— Water captured from roof

cistern cistern

1 back up potablewater

#1. upper flo ®nsor , measures amount green walls are being irrigated
#2. lower flo ®nsor , measures amount of potable back up water used
(to determine quantity of recycled roof water, subtract #1 from #2)




Sensor@FS0455
(total@allonsk

Averagell
gal/dayp

Total®
+/-8 AverageZ +/-3

el Monthlyz
waterisedtin usediyf o.nt K Normal Temp Normal
green@vallibynl Rainfall
month
month)
How much
water do green
May@2014 670.8 21.6 315  +1.21 59.1 31 walls use?
Junel2014 464 .4 13.3 0.73 -0.84 62.0 +1.1
July®2014 207 7.0 0.77 +0.07 69.2 +3.5
August2014 233.5 7.8 1.81 +0.93 69.1 +3.0
September014 158.9 54 2.23 +0.73 64.8 +3.5
October2014 360 2.1 6.75 +3.27 58.0 +5.2
November014 425.4 2.6 4.84 -1.73 46.0 +0.6

April2015 1014.3 349 2.03 -0.68
May2015 888.6 30.7 0.58 -1.36
June015 828.7 28.4 0.23 -1.34
July®2015 1829.1 60.3 0.09 -0.61
August2015 935.3 32.0 3.28 +2.40
September015 618.9 21.6 0.83 -0.67

(20@months) 12,258.1 19.2



Can green walls be designed to recycle runoff?

How often does back-up potable water need to
be used?

AverageFl]
gal/day®fa
backupl
potablel
waterbby?l

month

Sensor@PFS0455 Sensor@PFS04650
Averagel

gal/daym
usedbby?

Total

gallons®fZl  Total
recycled® MonthlyZ
water@ised? Rainfall
byEmonth

(total@allons? (totalZEallons@Df

water@isedd@ni backupotablel

green@valliby?l water@®nteringf
month

month) cisternsibyEmonth

+/-8 AverageE +/-@
Normal Temp Normal

MayR014 670.8 21.6 0 0.0 670.8 3.15 +1.21 59.1 +3.1
June014 464.4 13.3 0 0.0 464.4 0.73 -0.84 62.0 +1.1
July2014 207 7.0 0 0.0 207 0.77  +0.07 69.2 +3.5
August®014 233.5 7.8 25.6 0.8 207.9 1.81 +0.93 69.1 +3.0
September2014 158.9 54 0 0.0 158.9 2.23 +0.73 64.8 +3.5
October2014 360 2.1 0 0.0 360 6.75 +3.27 58.0 +5.2
November2014 425.4 2.6 0 0.0 425.4 4.84 -1.73 46.0 +0.6

April22015 1014.3 34.9 0 0.0 1014.3 2.03 -0.68
May2015 888.6 30.7 0 0.0 888.6 0.58 -1.36
June2015 828.7 28.4 1334.2 44.5 -505.5 0.23 -1.34
July®2015 1829.1 60.3 1837.1 59.3 -8 0.09 -0.61
August2015 935.3 32.0 731.6 23.6 203.7 3.28 +2.40
September2015 618.9 21.6 0 0.0 618.9 0.83 -0.67

(20@nonths) 12,258.1 19.2 3,928.5 6.4 8,329.6



What are the irrigation
challenges and
opportunities with
watering green walls?




Temperature

urban heat island effect, building performance
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erformance
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island #8 heat
test island

ﬁ test

INSIDE

#2 building
performance

control.

OUTSIDE

#3 urban heat
island +
building
performance
control
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#4 urban #5 urban
heat heat
island island
control control




September 2015 4 vs 7

9/11 9/11 9/12 9/12

e Qutside North 6" (Control) Green Wall Panel 6"

Vegetation can provide up to 8°C of shade
Temperature behind wall up to 17°C less than in full sun on hot summer days




July 3120152 vs 9

20 T T T T T T T T T T T T T T T T T T T T T T T T
0:01 1:01 2:01 3:01 4:01 5:01 6:01 7:01 8:01 9:01 10:01 11:01 12:01 13:01 14:01 15:01 16:01 17:01 18:01 19:01 20:01 21:01 22:01 23:01

e | ibrary Inside North (Control) Library Inside South

Consistent 0.5 degrees C difference (0.9 degrees F)




Fauna

bird and insects, habitat, urban impacts

~ 5




Birds + Insects

# of Shifts / Hours of Documentation: 765

# of Birds + Insects Documented: 2,410

Shifts with “no activity”: 197, or 25.75%

Adjusted Avg # of Birds+ Insects / Shift: 4.24

# Birds + Insects “interested in wall”: 1,466 or 66%



Birds

Total # of birds documented:

1,137

Total # of birds “interested in the wall” : 568

# of bird species documented: 20

Most common interacting with wall (#, % of encounters)

Large Birds:
American Crow
American Robin
Stellar’s Jay
Northern Flicker
Sea Gull

Small Birds:

Anna’s Hummingbird

Ruby Throated Hummingbird
Black Capped Chickadee
Dark-Eyed Junco

Barn Swallow

Bewick’'s Wren

Bushtit

House Finch

House Sparrow

Purple Martin

Song Sparrow

Spotted Towhee
Swallow

White Breasted Nuthatch
Unidentified Bird







Insects

Total # of Insects documented: 1,068

Total # of insects “interested in the wall” :

Groupings of insects documented:

Bee Butterfly Gnat
Bee / Wasp Moth Ladybug
Bumble Bee Dragonfly Mosquito
Honey Bee Fly Spider

Wasp House Fly

899






Birds

# of nests laid (2 seasons): estimated 4-7

# of nests that formed eggs (2 seasons). 2-3

# of successful broods (1 season): 2 (est)
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Fun Facts

11% of bird activity was interactions 23% of bird activity was with water
back and forth from yews below infrastructure elements

° N

65% of bird activity + 94% of insect 12% of documented bird activity
activity was interaction with plants was with perching spots



Flora

plant growth, death, maintenance
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Plants

Native Plants:
Kinnickinick
Spleenwort

Wild Ginger

Lady Fern

Creeping Oregon Grape
Deer Fern

Bunchberry Dogwood
Slough Sedge

Non-Native Plants:

Painted Fern

Alpine Water Fern
Beetlemania Sedge

Orange New Zealand Sedge
Autumn Fern

Epimedium/ Fairy Wings
Purple Coral Bells
Peppermint Coral Bells

Salal

Pacific Coast Iris
Redwood Sorrell
Licorice Fern

Sword Fern

Alaskan Fern
Oregon Stonecrop
Evergreen Blueberry

Sweet Tea Foamy Bells

Big Blue Lily Turf

Lemon Beauty Honeysuckle
Silver Beauty Honeysuckle
Green Mondo Grass

Black Mondo Grass

Tassel Fern

Takesimense Stonecrop
London Pride Saxifrage

Volunteer Plants:

Canadian Dogwood
(Bunchberry)
Piggyback Plant
Miner’s Lettuce
Lady Fern






hei31 | Eoar e ] &5
e
e

BR BR BR BR |BR [€C CC CC | CC ICI G

WALL ‘B' (LOWER WALL) WALL ‘B' (LOWER WALL) WALL ‘B' (LOWER WALL)

PS|PS PS PS

PS PS PS PS

June 2012 June 2014 March 2015



HEHH EE igfeiefizf i
HEHAE safsfisliaf i3
H HERE R iz |ia
i E i 2 aspsis figf iz |12
= NAAT EE i3
=fa HEDE i
T EE HEBHEBT &
AEE  EE THE O T
B - FRT HEHBEE £
HEE T B T R
HE T EET EfZliZEs|is|in
OEE ARERIEEE
B B R H H B
EElFLEl T B
3 i 8 HHERE
isf= A
FEEEEEEEEninininieEsEske
HHHH 11 HERAE
1R T HEIRE S 1 B 3
f HEHE BT E
BT RS HBE
HE DT BEHEE BT
B HHAHED
) HHHT T
HHHE
H H 14
H HHE
HEHT
12 |14 HHEH ]
E ishs
i 34
EEE &
H 3 SRRl s s lREEsER als
i HEEE B R E F1EE
iz NHERNAHE zliz
S FEE[I2inlEnjinps e 4|3z
ADBNHHDAH AT §
QOO 8HEH ARAE
CRSESREExioiZ[IZ ] b2 asfss
SEEES S[ESI2[ASEEEE [ E puspias
Ek Csfe[eEEREEEER
A ialidlinfis|i2EREs
2 EESEEEEEE
5 T
] =11 B SHBHERE L
SESp=isSELiS sFglgpe s
B F 1Y B A [
T El EHEE HE 5

1 A BRRE nzlizfizliz|iz )it
£ iy HH IR
o+ SE|E (2 3] 1k
] E EHEH B R
; HHEHEH 05
ieEEEsfi iH B HEDOMRRE
refpufal AEE Elizie |ieiEfig in
BER L £ 3|3 RE[E2 a8
cHEE)EE g H BB EEE
1 BE 1 A EREE
el [ ix[ialia
= islia]in|is &
- iE[i2
T izliz
i3i2|in
ializnlia
] EHEHEE L iEfEZfEE]e
1] HHH D
R R A H
R F1EEE . iz
ASEEEE BHIHD
T B EE F1E e
T F ARARAT
HEE B A 1 A
sl Ep2iE R E iefis
3 S O [
5 MEEE
& GE|ZE[IE 16 i3
] 4L H:EH A E
z HEd EHERE i
PERE EOEG[IEES tH
H: GGl S
o8 yinlinliz|ie EEEEE L
a8 EEEEE H
HFEF L B FE B izliEfie i
8| I EHE E EH
4 CECY TR E R iElivpEy Y
HH Y N R FIE
FE[EN S SlE2 ) iF | t LALE
e IR EEERE iefie e fis
FEE £ R A A B EERE
ek it A A A itlinfinfis
e b el ) R Aok b ixliEfieia
{3 i B HE FHEE i glis
5 GEfRE[FE[ER LY iaEais
RE(EEREEERE iz |1t |ig T
iEEEiER): HE H HA S TS
'H BHAARAE

plant death January 19, 2015

- tried a new type of water
saving irrigation but tops of

walls too dry
- drip emitters + quantity now

- white worm on heucheras

- water off for extended periods doubled on tops of walls

plant death May 26, 2014
- winter freeze/thaw tied to
automatic irrigation w/ soil
-white worm on heucheras

moisture sensors

- mostly species specific death

plant death May 35, 2013






Green@Vall@PlantDeath@documentation

%Bpecies?
Death

Originally®| Plantieathp] Plantieath®& | %Bpeciesd Plant@eath(
Planted® asdE Speciesj Replants AestheticRemovall Death®2 | Replants? asfi
PlantiName 7/13/12 | 5/2/2013 | Death | Update | as®f#/11/2014 | Removal Update  1/19/2015
asplelium@richomanes| 5 0% 5 0% 5

(spleenwort)

00% | o |

(wildEginger)

athyriumilix-feminaladyfn|
red'| 50% 7 7

(Iadyifern)

[ athyriummiponicwm] [ [ | | | [ 9 o |

(paintedfern)

berberisdtepens] 18 | | ox [ 18 [ 2 [ m% | 3 2 |

(creepingiregonigrape)

blechnumpennamarinal [ | [ [ | | 16

(alpinelwaterifern)

blechnumpicant] 44| 17| 3% [ 4+ [ e | o | 4 3 |

(deerifern)

carexaryophyllealthel
beatles' 17 17 100% N/A

(beatlemaniaBedge)

[ comusmanadenss] [ [ | | | [ 1 s |

(bunchberry@ogwood)

108%

(sloughBedge)

| corextestacea] 53 | 30 [ 57 | sz | s | e [ 1 12

(orangelhewizealandedge)

dropteriserythrosoral 27| [ o | 2 | 3 ]| ux | x & |

(autumnifern)

Epimediumvergreenar] | | | [ [ | s 2 |

(fairywings)

gautheriaShallon] 19 [ 1 [ s% | 10 | 1 | s [ a 18

(salal)

heucheralnicranthaBpalace]
purple’ 19 1 5% 19 19 100%

(purplezoralibells)

heucherellazsweettea] 15 | o [ eow | 16 | 6 | % | 1 17

(sweetiteafoamytbells)

risatmeadowstpaster] | | [ [ [ | 3 & |

(pacificioastfiris)

| triopenuscarithighive] 13 | | ox | 13 | 13 | s | o |
(bigiblueffilyiturf)
18 12
(lemontbeautythoneysuckle)

(silveribeautythoneysuckle)

ophiopogonaponicusp 0| | wa | 18 | 16 [ 8w [ 2 |

(greenlinondolgrass)

ophiopogonblaniscapus|
'nigrescens'| 37 1 3% 36 36 100%

(blackanondograss)

| owliswregana] 15 [ [ o% | s | 15 | 0% [ o |

(redwoodBorrell)

polypodiumuigarel 5 | | o [ s [ 3 [ eo% | 4 |

(licoriceifern)

polystichumanunitum| 17| 2 [ o | 17 | 7 | e [ 13 50

(swordifern)

polystichumpolyblepharum| 18| | ox | 18 [ 2 | wmx [ 5 2 |

(tasselifern)

polystichumBetiferum®.|
angulare| 27 0% 27 14 52% 15 8

(alaskanifern)

w0% | o |

(oregonBtonecrop)

| sedumiakesimense] 8 [ [ o» | 8 | & | mw [ 2 2 |

(nonMativeStonecrop)

saxifraga@rbiumB@london|
pride’ 22 4

(londonfprideBaxifrage)

[ veccnumbvatum] 10 | | ox [ 10 [ 4 | ao% | 2 u

(evergreenthuckleberry)

TOTALS 528 100 528 279 499 202

overall@&ieback 19% 53% 40%

0%

Highest Performing Plants:

Spleenwort

Oregon Grape

Salal

Sword Fern

Tassel Fern
Saxifrage

Evergreen Blueberry
Licorice Fern

Iris Species

Poor Performing Plants:

Painted Fern

Lady Fern

Blechnum Species

Carex Testacea + Obnupta *
Heuchera Species

Aslaskan Fern

Sedums

Black and Green Mondo Grasses
Redwood Sorrell






Thoughts and Tidbits

Infrastructure as habitat
Nesting source and destination
Maintenance schedule vs. habitat schedule

Green technologies as people attractors
Researcher experiences and education

Sustainability IS maintenance
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