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Phenology is the study of recurring lifecycle events
influenced by seasonal environmental changes. Classic examples include

flowering by plants and migration by animals. LTER
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arvard Forest Schoolyard Ecology Program

Research Projects
CEE Eocconis

Buds, Leaves & Global Warming Woolly Bully: The Invasive Pest, Water in the Landscape: Vernal
the Hemlock Woolly Adelgid Pools

K-12 & Schoolyard LTER

Through the Fisher Museum and LTER program, the Harvard Forest offers a variety of
formal and informal programs for local and regional schools.

Our Changing Forests: How Do
Forests Grow and Change Over
Time?

Opportunities include:

+ Harvard For hoolyard LTER Program: Field-based research and
professional development for K-12 students and teachers.

+ Fleld trips to the Harvard Forest nature tralls, research sites, and the
Fisher M n.

+ Internship opportunities for Antioch University master's students.




? ELEMENTARY & SECONDARY
EDUCATION

CIENCE

S'I'n H [] ﬁ H D.S 2016 Massachusetts Science and
Technology/Engineering Standards
Pre-Kindergarten to Grade 8 and Introductory High School Courses

For States, By States e s
January 26, 2016

Practices describe
behaviors that scientists
engage in.

science.

-

declining
chlorophyl
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formation of
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Crosscutting concepts have application across
all domains of science such as patterns, cause
and effect; systems, energy and matter.

Content focuses K—12 science curriculum, instruction
and assessments on the most important aspects of



HARVARD UNIVERSITY

HARVARD FOREST

Established 1907 Long Term Ecological Research Site since 1988

Buds, Leaves, and Global Warming

Dr. John O’Keefe
How long is the growing season in our schoolyard?
How is the length of the season related to climate:
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Harvard Forest Schoolyard Ecology
Buds, Leaves, and Global Warmingz

Autumn Student Data Sheet Deceniber 2007

Name: Date:
Teacher School-
Tree Number: Branch letter Please measure leaves oaly
Tree Speciﬁs: once at beginning of season.

Leafl |Teaf2 |Leaf3 [Leafd4 |Leaf5 Leaf 6
Leaf Length (cm.)
Leaf Width{em )

Put acheck mark in the correct column below to show Leal Color and Leaf Drop

Leaf # Fraction/ Percent of Leaf Color (not green) | Leaf Drop
0-26% 2%-50% |51-75% |76-100% |[0O-notfallen
o> ol|e| @™
1
2
3
4
5
B
Whole N/A
Tree
Total number of siudy leaves observed per branch
(fallen and not fallen)
Total number of leaves fallen

Teacher note: Remember that the branch total above must be added with
‘branch totals from all branches on the same tree to get the total number of
leaves dropped per tree to submit to Harvard Forest to post online.

Optional Field Notes:
Weather Notes:

Animal/ Plant notes:




Research Experience for Teachers — RET

Teachers take an active part in research with mentor scientists. They translate

their experience into cutting edge lessons in the classroom.

PhenoCam , .
/AN ECOSYSTEM PHENOLOGY o h
Shvermemwon

Koennetté2 ~

Welcome! T
Theph WEEtS b @rnanscam
Phenac 500sites includes over 30
Z The PrenaCam Network
nd #FunsOfPhenocam
studies of limate change impacts o terrestrial ecosystems. Bea
For more nformation please seect from the men items above: Meh
Latest PhenoCam Data Release
PhenoC: 8) gery. 2000-2018 —
P w " Network, 20002018
4
Enbea Vi on Tstar

m £20122019 The Universtyof New Hamsshire « Durham, NH03824

Grant N EF-1065029, Any opnions findings, concusionso recommendations expressed i this matg

Ashburnham Westminster Regional
School District joins Dr. Andrew Richardson’s Phenocam Network.

SERVING ASHBURNHAM & WESTMINSTER

2011-11-25 / Schools
0

Ashburnham schools join
Harvard scientist's network

As leaf peepers invade New England to enjoy oak,
maple, and beech trees ablaze in glorious color.
scientists carefully observe these autumn changes
for different reasons.

= Phenology is the study of plant and animal life
CYCTE VENIS AHE N tEse Hre infiensed by
seasonal variations in climate. As part of the
Harvard Forest Schoolyard Ecology Program's
phenology study - Buds, Leaves, and Global
Warming - fifth and seventh grade students at
John R. Briggs Elementary and Overlook Middle
schools work with Dr. John O'Keefe collecting
data on color change and leaf drop in the fall as
well as budburst in the spring to determine the
length of the growing season in the schoolyard

(Left) Kahlan Jones and Nia Smith
study the leaves as part of the
Harvard Forest Schoolyard
Ecology Program’s phenology
study - Buds, Leaves, and Global
Warming. (Right) Mackenzie Nims,
Natalie Batista, Jake Packard and
Henry Rittberg study the leaves as
part of the Harvard Forest
Schoolyard Ecology Program's
phenology study - Buds, Leaves,

and Global Warming. COURTESY Ih:b »

PHOTOS i)
students and
teachers,

Katherine Bennett and Joann Mossman, join
2,000 student scientists across the state to
contribute data to this study during the past seven
years.

Site Name: ashburnham
Site Years: 2020 2019 2018 2017 2016 2015 2014 2013 2012 2011

Year: 2020 (top)

_——

Feb(N=722)

Aug(N=1176)

Year: 2018 (too)
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Cam

AN ECOSYSTEM PHENOLOGY
CAMERA NETWORK

ashburnham - NetC
Camera Temperatu
Exposure: 63

o
MCD12012016

Browse Images

ROI Timeseries:




- Tue Jul 24 15

Austin Prep School Reading, MA


http://phenocam.unh.edu/data/latest/northattleboroma.jpg
http://phenocam.unh.edu/data/latest/readingma.jpg
http://phenocam.unh.edu/data/latest/springfieldma.jpg

AN ECOSYSTEM PHENOLOGY
CAMERANETWORK

About Galle

Type | Sites: (505)

5

chboldenot



bartlettir - MetCam SC IR - Sat Oct 12 2019 102505 EST - UTC-5
Camera Temperature: 430,
osire: S00 o MNew Rohson camera 201 6-01-02 15:00:01




siverton - MetCam SC IR - Tue Sep 01 2020 14:31:17 PST
Temperature: 51.0
Exposure: 15)

. .
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silverton - MetCam SC IR - Wed Sep 09 2020 14:31:15 PST
Temperature: 49.0
Exposure: 399

o
|




Cam

AN ECOSYSTEM PHENOLOGY
CAMERA NETWORK

About Gallery Map Data ¥ Moreinfo ~

_ © 2012.2019 The Universitv of New Hamnshire e Durham. NH 03824



PHENOCAM - Camera Information
| Homo | Gallery | Map | Data | Tools | Links | About |

Site Name: ashburnham (show IR view)
Location: Ashburnham State Forest
Lat: 42.6029 Lon: -71.9260 Elev(m): 292

Image Count: 23109 Start Date: 2011-09-13 Last Date: 2013-08-25

Welcome, Guest (login)

Browse Images

Internal Site Links:

“ ROI Page - canopy_0001

;——gg

latest image
(234)

©2012, The University of New Hampshire + Durham, NH 03824

,  Tnis matenil is based upon work supporied by the National Science Foundation under Grant No. EF-1085020 | Contact webmaster
Any opinions, findings, conclusions or recommendations expressed in this matenial are those of the suthor(s) and do not necessanly

refiect the views of the National Science Foundation.

PHENOCAM - Image Browse
| Home | Gatery | Map | Data | Tools | Links | About |

Site Name: ashburnham
Site Years: 2013 2012 2011

Year: 2013 ( top )

Jan(N=1105) Feb (N =1001) Mar (N =1105) Apr{N=1078) May (N =1089) Jun(N=1073)
_
Jui (N =1000) Aug (N =444)
Year: 2012 ( top )
—— — —_— —— ———
Jan{N=1030) Feb (N =968) Mar (N=1085) Apr (N=1054) May (N=1098) Jun(N=1071)

Jul (N =1058) Aug (N=908) Sep (N=239) Oct (N=1114) Nov (N=1086)  Dec(N=1127)

Click on Browse Images. Then on
the year and month you want.




ROI Name: DB_2000 (canopy level DB (major FOV shift))

gcc (green chromatic coordinate) timeseries plot

site: ashburnham ROI: DB_2000

0.42 — 1%
; 038/ Jh ﬁ
S 036 | : | 1 | Ll |
£ onilad . ! - . 3.0 |
g 034f W %ﬁw
g 032 T — T i i
oo
2 03 i - i i ~ — T 1 i :
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PNG Plot

Provisional Data Links
The data plotted above are available via the links below. This data is provisional and subject to change. For a description of t

Provisional Data

ROl Mask List (1)

(Mask CSV file)

Mask: 1

Start Date: April 19,2017, 12:05 p.m.
End Date: Dec. 31, 9999, midnight
Mask File: ashburnham_DB_2000_01.tif




Site Name: ashburnham

Location: Ashburnham State Forest / Overlook Middle School, Ashburnham, Massachusetts

Lat:42.6029 Lon:-71.9260 Elev(m): 292
Image Count: 114387 Start Date: 2011-09-13 Last Date: 2020-10-06

ROI Name: DB_2000 (canopy level DB (major FOV shift))

gcc (green chromatic coordinate) timeseries plot

site: ashburnham ROI: DB_2000

2020/05/18: gcc_20:0.352
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Sheet 1

A
site

ashburnham
ashburnham
ashburnham
ashburnham
ashburnham
ashburnham
ashburnham
ashburnham
ashburnham
ashburnham
ashburnham
ashburnham
ashburnham
ashburnham

ashburnham

veg_type roi_id

DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB

c

2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000

D
direction
rising
rising
rising
rising
rising
rising
rising
rising
rising
rising
rising
rising
falling
falling
falling

E
gcc_value
gce_90
gce_90
gce_90
gec_75
gec_75
gce_75
gee_50
gce_50
gcc_50
gcc_mean
gcc_mean
gcc_mean
gce_90
gcc_90
gcc_90

F

transition_10

2017-05-13
2018-05-03
2019-05-07
2017-05-13
2018-05-03
2019-05-06
2017-05-13
2018-05-03
2019-05-06
2017-05-13
2018-05-03
2019-05-06
2019-10-21
2018-10-29
2017-10-26

G
transition_25
2017-05-15
2018-05-09
2019-05-17
2017-05-15
2018-05-09
2019-05-16
2017-05-15
2018-05-09
2019-05-16
2017-05-15
2018-05-09
2019-05-16
2019-10-19
2018-10-24
2017-10-23

H
transition_50
2017-05-18
2018-05-15
2019-05-21
2017-05-18
2018-05-15
2019-05-20
2017-05-18
2018-05-16
2019-05-20
2017-05-18
2018-05-15
2019-05-20
2019-10-12
2018-09-28
2017-10-18
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Name

Site Name

Latitude/ Longitude

Choose a PhenoCam Site that interests you.

Elevation

Urban/ Suburban
Rural/ Agriculture

Location Terrain

Water Features

Vegetation

Using the most recent Timeseries graph determine:

Approximate Julian Day of Budburst

Approximate Julian Day of Leaf Drop

Length of Growing Season

Julian Day Calendar
After the Month of February add one to the Day Number for Leap Years; 2008, 2012, 2016, 2020, 2024, 2028, 2032, 2036, 2040.......

Day| 1 2 ] 4 =l 6 T 8 9 10 11 | 12|13 (14 |15 (16 |17 |18 |19 |20 | 21 (22 23 24 | 25|26 |27 |28 |29 |30 31
Jan [ 001|002 003 004 005 |00 | 007 008|009 010|011 012 |013 014 015 016|017 01§ 019 020 021 022023 024 025 026|027 028 029 030 031 |
Feb [ 032|033 034 035 036 037 038039 040 041042 043|044 045 046 047 048|049 050 051|052 053 054 055 056 057

Omrﬂfﬂ 062 063 064 065 066 067 Oﬁﬁrﬂho 070 071 .072 073 0747075 076 | 077 | 078 07‘)7030 081 032708‘ 084 085.036 087 | 088 | 089 090
Apr EVO‘)ZE OKJJEUQG EW)X ﬂrlﬂﬂ ﬂ |02:|03 104 ﬂ“’ﬁﬂ]nﬁ 109 110 l 112|113 | 114 E |]5.£ 118 il?ﬂ
May| 121 122 123 124|125 126 127 128 (120 130 | 131 132|133 | 134 135|136 | 137 133 130 140 141 | 142|143 | 144|145 146 | 147 | 148|149 150 | 151
Jun 152 153 (154 155 156 157|158 | 159 160 161|162 163 |164 | 165 |16 167 |168 169 | 170 171 172173 174 175|176 177 |17 179 180 | 181
Jul [182 183 184 185 186 157 188 | 189 190 | 191 192 193 |194 | 195 | 196|197 198|199 |200| 201 202 | 203|204 | 205 | 206 207 |208 | 209 210 211 212
Aug|213 214 215 216 217 218 | 219 220 | 221 222|223 224 E 226|227 228|229 | 230 | 231|232 | 233 | 234 | 235 | 236 | 237 238 _E 240|241 242 | 243 |
Sep 244|245 | 246 247|248 249 | 250 | 251|252 253|254 | 255|256 257 258 259 260 261 262 263 264 | 265|266 | 267 | 268 | 269 |270 271 | 272 273
Oct274] 275 276 277 278 | 279 | 280 281 | 282 283 284 285|286 267 288 269 290 291292 293 294 205|296 297 | 298| 299 |300 301 302 303 304
Nov[305| 306|307 308 [309 310 311|312 313 314 315|316 317 318 319 320 321 322 323 34 325 326|327 328|329 330|331 332 333 34| |
Dec [335] 336 337 338 339|340 | 341|342 343 344|345 346 |347 | 348 | 349|350 | 351 | 352 353 | 354 |355 | 356|357 358|359 360 | 361 | 362 | 363 | 364365

|| This Julian Calendar is FREEWARE and may be distributed and wsed as is. Produced by Ghistain Bonmeau at ghphotodidactical.ca o



https://docs.google.com/document/d/1fu0IilZ0OzRqUhkyNhp2Y-GhkfFCdiFLhngQ2VPUSjk/edit?usp=sharing
https://drive.google.com/file/d/1Qh2zBVJMyTl03pwsDYJ9mDv6S83ym_pP/view?usp=sharing
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Cam

AN ECOSYSTEM PHENOLOGY
CAMERA NETWORK

Location: Ashburnham State Forest / Overlook Middle School, Ashburnham, Massachusetts
Lat:42.6029 Lon:-71.9260 Elev{m): 292
Image Count: 106563 Start Date: 2011-09-13 Last Date: 2020-03-02

About Gallery Map Data ¥ Morelnfo =

ROI Name: DB_2000 (canopy level DB (major FOV shift))

gcc (green chromatic coordinate) timeseries plot

site: ashburnham ROI: DB_2000
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PNG Plot

Provisional Data Links

kbennett42 ~

year budburst leafdrop growing season
2017 5-17 10-24 160
2018 5-14 10-14 171
2019 5-14 10-20 159




Name Date

Using our Schoolyard data determine the day of year for budburst and 50 % leaf drop for
the red maple tree. Be sure to label the x and y axis, title your graph, and make a key.

19 | | | %08 | | |
- — ! | B I O s e s |
130 | | | | 300 ‘ ‘ | |
B B A I I
125 295 | | |
I I O O N
120 | | | S | | |
B I I O A O
115 285 | | |
NN [INEEEEEEE
110 280 | | |
B N
105 275 l l
100 D I 270 _‘_ 1 ___‘_ | |
2,006 2008 2007 2008 2008 200 2011 2,012 2,005 2006 2007 2008 2008 2010 2011 2012

Do you see any trends over the years for budburst? Explain

Do you see any for color change and leaf drop? Explain

Student sheet 2
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Using PhenoCam
images to compare
the timing of major
phenology events
across latitudes

Y TP S T S 7N

site latitude
shenandoah 38.5926
national capital

38.8882 usgsreston

38.9471
woodshole 41.5495
caryinstitute 41.7839

northattleboroma 41.9837
springfieldma 42.1352
harvard 42.5378
ashburnham 42.6029
hubbardbrook 43.9439
arbutuslake 43,9821
bartlett

44.0646

Arbutus'La

Shenandoah




Ashburnham, MA
Lat: 42.6029 Lon: -71.9260 Elev(m): 292

Boston Common, MA
Lat: 42.3559 Lon: -71.0641 Elev(m): 10



What cities are doing to address the problem -

Roof gardens and increased green space make a big difference.
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Hour

Using a white coating on rooftops reflects solar energy and helps keep
the whole building cooler.

What are some ideas you have to help solve

the nroblem of urban heat islands?
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http://phenocam.unh.edu/data/latest/ashburnham.jpg

burst

 project of the Chicago Botanic Garden

Welcome to Budburst

Budburst brings together researchers, educators, gardeners, and

citizen scientists on a shared journey to uncover the stories of
plants and animals affected by human impacts on the
environment. We hope that sharing these stories will increase
appreciation of plants and the natural world and inspire

conservation action.

GET STARTED >

2

- Natlonal Phenology Network

ABOUT US PARTNER

scientists, government agegies, non-profit
.groups, educators and students of all ages to
monitor the impacts of e change on
plants and animals in i ed States.

\Watch the video

The USA-NPN brings togfﬁmﬁizen

Make an observation

Login

Blackacre KY

How to become a Budburst Citizen Scientist

3

Report your observation

* B *»Q

USA-NPN Home ' Nature's Notebook Home ~ Help SEARCH

PUBLICATIONS NEWS AND EVENTS

See forecasts of pests and invasive
species

Track the status of spring

natu es
note

A project of the USA NPN

Track changes in plants and animals




ne<on

National Ecological Observatory Network

Get excited about Phenology-
Make your own IMovie trailers!

EXPEPD¥ION

>

Tl GRant Scithce

o s g
Rl BURST JouRNEY

[y

, BUDSRS T

. 2019-09-18




HOLLYWOOD
PRODUCTION

DIRECTOR
CAMERA

Making Pheno movies!

DATE SCENE TAKE
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AN ECOSYSTEM PHENOLOGY
CAMERA NETWORK

Site Name: ashburnham (show IF
Location: Ashburnham State For
Lat: 42.6029 Lon:-71.9260 Ele
Image Count: 114387 Start Dat
Data Releases: Data Releasevil
Ancillary Data: ORNL MODIS/V

HARVARD FOREST

| ong Term Ecological Research Site since 1988

Established 1807




