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OPTICAL PROPERTIES OF CANOPY COMPONENTS
BACKGROUND

REFLECTANCE MODELS OF VEGETATIVE CANOPIES REQUIRE ESTIMATES
OF REFLECTANCE AND TRANSMITTANCE OF LEAVES AND STEMS AND THE

REFLECTANCE CHARACTERISTICS OF THE CANOPY UNDERSTORY OR

'BACKGROUND. '

INSTRUMENTS FOR ACQUIRING THE SPECTRAL DATA OF CANOFY COMPONENTS

ARE NOT TRULY SUITED FOR IN-SITU MEASUREMENTS IN REMOTE AREAS.

IF SPECTRAL PROPERTIES OF LEAVES AND STEMS DO NOT CHANGE RAPIDLY
WHEN PROPERLY HANDLED, THEN SAMPLES OF LEAVES AND STEMS COULD BE
COLLECTED, PACKED, AND SHIPPED TO LABORATORIES WHERE THE SPECTRAL

DATA COULD BE ACQUIRED.




OBJECTIVES

DETERMINE THE REFLECTANCE AND TRANSMITYANCE OF LEAVES AND STEMS OF
ASPEN AND BLACK SPRUCE TREES,

1., DeTERMINE CHANGES IN REFLECTANCE AND TRANSMITTANCE OF LEAVES
WITH TIME AFTER EXCISION FROM HOST PLANT.

2. DEVELOP AN ACCEPTABLE PROCEDURE TO SHIP PLANT COMPONENTS WHICH
CAUSES LEAST CHANGE IN SPECTRAL PROPERTIES.

3. DeveLoP PROCEDURE TO MEASURE REFLECTANCE AND TRANSMITTANCE OF

NEEDLES,

L, EVALUATE OPTICAL PROPERTIES OF ASPEN LEAVES AND BARK AND BLACK
SPRUCE NEEDLES AND TWIGS.

5., DETERMINE VARIATION OF OPTICAL PROPERTIES AMONG ASPEN AND BLack
SPRUCE TREES WITHIN A SITE.

DETERMINE THE REFLECTANCE CHARACTERISTICS OF THE BACKGROUND WITHIN
THE SUBSET OF THE BLACK SPRUCE AND ASPEN TEST SITES.

CHANGES IN OPTICAL PROPERTIESYOF LEAVES AND NEEDLES AFTER EXCISION
APPROACH
* CoLiecT Rep BircH AND Rep Pine BRANCHES . STORE IN PLASTIC BAGS.

AT LAB, DETACH LEAVES AND NEEDLES; PREPARE MAT OF NEEDLES;
STORE IN SEALED PLASTIC BAG AT 5°C.

* MEASURE REFLECTANCE AND TRANSMITTANCE OF BIRCH LEAVES AND
REFLECTANCE OF ONE SIDE OF MAT OF PINE NEEDLES, IsT TiMe --
WITHIN 4 HOURS AFTER DETACHING FROM BRANCHES., 8 REPLICATIONS.

*  RepeAT MEASUREMENTS AT 1, 3, 5, 8, 11 AND 25 DAYS AFTER EXCISION.

* ANALYZE DATA. DETERMINE TIMES AFTER EXCISION WHEN CHANGES IN
REFLECTANCE AND TRANSMITTANCE EXCEED 5, 10, AnND 207 OF VALUE,
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DIFFERENCES IN REFLECTANCE OF RED PINE NEEDLES AFTER EXCISION
FROM HOST PLANT. Storace Temwp =5 C,
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RELATIVE CHANGES IN TRANSMITTANCE OF RED BIRCH LEAVES AFTER EXCISION,
Storace Temwp = 5 C,
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CHANGES IN OPTICAL PROPERTIES OF LEAVES AND NEEDLES AFTER EXCISION

CONCLUSIONS

¢ (HANGES WERE LESS THAN 5% OF VALUE FOR UP TO ONE WEEK,

* DecIDED TO SHIP LEAVES AND NEEDLES IN SEALED PLASTIC
BAGS IN INSULATED COOLERS WITH ICE PACKS,

FOLLOW-ON WORK

* LITERATURE REVIEW ON CYTOKININS AND EXPERIMENT USING THEM.
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OPTICAL PROPERTIES OF ASPEN TREE COMPONENTS

ExperiMENT DESIGN

SITES: Hieu, Mepium, Low ’PHYTOMASS’
TREES: HieH - 24, 25, 26

Meprum - 27

Low - 2 (D)

Canory LAYERS: Lower, MippLe, UpPER

Tree CoMPONENTS: LEAVES, BARK

LeavesS: 10 PER LAYER

BARK SAMPLES: 2 PER LAYER

SPECTRAL REFLECTANCE AND TRANSMITTANCE OF FRONT AND BACK
MEASUREMENTS ; OF LEAVES,

REFLECTANCE OF BARK.

SPecTRAL Pance: 400 - 1100 nv sampLED EVERY 10 NM,




STATISTICAL DESIGN FOR ANALYSIS OF ASPEN LEAVES

SOURCE VARIABLE_TYPE bF

Trees (T) RanDOM 4
§ -- 0

Laver (L) Fixep
T --

2
8
Sipe (S) Fixep 1
1S - 4
LS -- 2
TLS -~ 8

ERROR Ranpowm. 270

(Leaves anD
INTERACTIONS)

TOTAL 299

ANALYSIS OF VARIANCE OF OPTICAL PROPERTIES OF ASPEN LEAVES

A REFLE CTANCE TRANSMI TTANCE

(Nm) T L § T 18 IS T L S T TS LS

400 . . . .

450 * N . . . N . .

500 . . . . . . *

550 » . . . *

600 [ » » » * * *

650 . s e . . . . . .

680 * * [ » * - L * *

700 . . . . .

750 . e . . e e .

800 . » . . e e .

900 . . e+ s .
1000 « . s e .
1100 s e . .« % . .

NOT SIGNIFICANT * SIGNIFICANT AT ALPHA = 05 W
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TREE—26 ALL STRATA BACK SURFACE
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DEVELOPMENT OF PROCEDURE TO MEASURE OPTICAL PROPERTIES OF NEEDLES

APPROACH

* DETERMINE THEORETICAL BASIS FOR MEASURING OPTICAL PROPERTIES
oF NEEDLES USING L1Cor-1800 INTEGRATING SPHERE.

® TeST ALGORITHM AND PROCEDURE USING SIMULATED NEEDLES OF
NEXTAL SUEDE COATED PAPER. RESuLTs <+10Z oF vALUE.

TeST PROCEDURE WITH SETS OF 3, 7, anD 11 NEEDLES.
RESULTS VARIATION IN SETS 3 - 11<+87

7 - 11<4#5%
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- FLuxes Measurep By Li€or 1800 FromM INTEGRATING SPHERE

(SAMPLE ON SPECULARLY TRANSMITTING BACKGROUND)
RerLECTANCE MoODE: —EA & | (1-F )P +T 2P ) + P
FLE A ¢/ \Fgtlg Fg) *+ FglglBg
T

A
ReFeRENCE MoDE: —E‘I’IPRBN

TRANSMI TTANCE MoODE: éﬁtv F.PT + (1I-eDTT
: A, l[s' BBt o’ Ip'sBr
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WHERE ¢ AE = AREA OF EXIT PORT
Ay = TOTAL SURFACE AREA OF SPHERE
Pe = REFLECTANCE OF CALIBRATION REFERENCE
P = REFLECTANCE OF SPHERE WALL
¢1 = FLUX ENTERING SPHERE
Ps = REFLECTANCE OF SAMPLE
Tg = TRANSMITTANCE OF SAMPLE
Py = REFLECTANCE OF BACKGROUND
Ts = TRANSMITTANCE OF BACKGROUND
Fg = PORTION OF BEAM AREA THAT DOES NOT STRIKE SAMPLE
BpsB, By = FUNCTIONS OF SPHERE REFLECTANCE AND GEOMETRY AND

SAMPLE REFLECTANCE 93

CALIBRATION ALGORITHM FoR L1Cor INTEGRATING SPHERE Dava

(SAMPLE ON SPECULARLY TRANSMITTING BACKGROUND -- BLACK SPRUCE NEEDLES)

F "'F 2
JBs opoo L opp ). Lo 1%
REFLECTANCE Fw‘Fs R B, Fe B) Tt s Pg

F
TRANSMI TTANCE: | —1—
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CaLiBRATION ALGORITHMS FOR L1COR INTEGRATING SPHERE Date

(SAMPLE NOT ON A BACKGROUND -- RED Pine aND JAcCK PINE)

F-F, P
REFLECTANCE: —B—S » —B- . L1
FoFe  1-Fg By
F
| 21— .p -Per oC| o4
TRANSMITTANCE [Fw"Fs R Fg 1] Ir, B

CALIBRATION ALGORITHMS FOR L1Cor INTEGRATING SPHERE DaTa

(SAMPLE COVERS ENTIRE SAMPLE-PORT -- ASPEN LEAVES) "

Fo-F
ReFLECTANCE: —B—S o p_ o L

FF

wn

F
TRANSMITTANCE: —J—— s P_ o -
w'Fs
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WHERE ¢ FR =

Fo =

B];C~| =

/7

FLUX MEASURED BY L:COR IN REFLECTANCE MODE
FLUX MEASURED BY L1COR IN REFERENCE MODE
FLUX MEASURED BY LICOR IN TRANSMITTANCE MODE

FLUX MEASURED BY L1ICOR IN REFLECTANCE MODE
WITH NO SAMPLE, I1.E., STRAY LIGHT

FUNCTIONS OF SPHERE REFLECTANCE AND GEOMETRY
AND SAMPLE REFLECTANCE; BETWEEN 1 anD 1,003,
ASSUMED IN CALCULATIONS TO BE 1.
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MEASUREMENT OF OPTICAL PROPERTIES OF BLACK SPRUCE NEEDLES

PROCEDURE

* MEASURE REFLECTANCE AND TRANSMITTANCE OF TAPE (STICKY SIDE),

* DetacH 4-5 NEEDLES FROM TWIG AND PLACE ON TAPE WIiTH
APPROXIMATELY 1 NEEDLE SPACE IN BETWEEN.

* PUT SPACER ON TAPE -- ABOUT 1/2 NEEDLE THICKNESS -- AND

PLACE IN SAMPLE PORT WITH NEEDLES TOWARD SPHERE. "

* COLLECT MEASUREMENTS IN REFLECTANCE MODE AND REFERENCE MODE.

*  ROTATE NEEDLE SAMPLE SO NEEDLES ARE AWAY FROM SPHERE, THEN

COLLECT MEASUREMENTS IN TRANSMITTANCE MODE AND REFERENCE MODE.
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BLACK SPRUCE NEEDLE MEASUREMENT (CONT.)

-

+ PBLACKEN SAMPLE OF NEEDLE SETS AND REMEASURE TRANSMITTANCE TO

OBTAIN ESTIMATE OF TRANSMITTANCE IN RED.

* CompuTe Fg AT 680 NM USING BLACKENED NEEDLE SET.
Assume To(680 nm) 1s 0.

* CompuTE TsOF NON-BLACKENED NEEDLE SET,

* CompUTE R OF NEEDLE SET.
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OPTICAL PROPERTIES OF BLACK SPRUCE COMPONENTS

S1TES:

TReES:

Canopy LAYER:
TRee COMPONENTS:
NeepLes:

Tries:

SPECTRAL
FEASUREMENTS :

SPECTRAL RANGE:

ExPERIMENT DeEsien

HieH, MepiuM, Low ‘PHyTomMass’

HieH - 55  Meprum - 53 Low - 54
Lower, MippLe, Upper

NeepLes, Twies, Bark

6 SETS EACH CURRENT YEAR AND OLDER PER LAYER
1 EACH CURRENT YEAR AND OLDER PER LAYER

REFLECTANCE AND TRANSMITTANCE OF FRONT AND BACK
OF NEEDLES SETS.

REFLECTANCE OF TWIGS,

-

400 - 1100 nm sampLED EVERY 10 NM,
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BLACK SPRUCE~54 FRONT CURRENT YEAR NEEDLES
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BLACK SPRUCE-54 BACK SURFACE
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BLACK SPRUCE-54 OLDER YEAR NEEDLES
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CALIBRATED DATA SETS
fVA)aj

Mz AND STANDARD DEVIATIONS OF:

ASPEN -- REFLECTANCE AND TRANSMITTANCE OF FRONT AND BACK
OF ASPEN LEAVES AND REFLECTANCE OF BARK

OVERALL MeanRT AspEN
By LAvER MeanL  Aspen
By TREE MEaNT  AspEN
Bv TREE AND LAYER Mean TL Aspen

BLACK SPRUCE --

(Z) 3FONVLLIWSNVY|
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G el S U s LeeVE D e REF NCE DF FRONT OF CURRENT YEAR BLACK SPRUCE NEEDLES =
MEAN O 10 SAMPLES BY TREE AND LA'VER EFLECTA tHEAN OF 4 SAMPLES BY TREE AND LAYER

LARLAPR : MEAN STANDARD MINIMUM MAXIMUM . Y : ' - AN STANDARD MINIMUM MAX IMUM cv
DEVIATION VALUE VALUE \ VARIABLE M DEVIATION VALUE VALUE

Cmmem e —e—em—ee———e——— TREE=27  LAYER={ == e TREE=54 LAYER=1 SPECT=R SIDE=F AGEs( ——-=-=——==-
wa0 4. 36 0. 41 3. 71 5. 08 ?. 45 .16 1.82 3. .22 7.59 35. 36
wa) 4 a3 0 40 3 68 5 06 8 95 uao 215 1,35 3.95 7. 0% 24 5e

Wa2 4. 50 0 34 4.11 S. 13 7.92 Wa2 S. 68 1. 41 3.7% 7. 06 24. 8
Wil 4.70 0. 31 4. 33 5. 28 b 65 was & 26 179 3. 89 8. 04 28. 67
wa4 4.90 0. 37 4. 2% 5 49 7. 52 waa & 68 1. 54 3. &4 B. 16 23 01
W45 5. 11 0. 36 4. 51 5. 62 7. 02 Was 7 16 1. 64 s. 10 8. 97 22 89
Wa4 5 18 0. 32 4. &9 3. 70 &.18 Wad 237 1. 49 5. 26 B. &6 20. 23
Wa7 516 0. 34 4. 60 5. 72 6. 92 waz 7 94 1,52 5. 24 8.7& 420,73
WaB 5.13 0. 34 4. 68 5. 7% 6. 65 wag 7 39 1 a8 5.93 8. 64 20.07
w49 5. 12 0 35 4. &3 5. 71 &.76 W49 7. 57 1 46 5 53 8. 84 19. 22
w50 5. 23 0 35 4. 67 5. 82 &6.74 W50 a8 30 1. 48 6. 21 9. 53 17. 88
W51 5 75 0 5.12 6. 26 6.77 WS 10, 24 1. 54 7.97 11.28 15. 00
w82 7 19 6 L2 & 28 7.82 7.29 W52 13. 79 1,35 11. 62 14. 60 10. 49
W53 9 11 0. 70 7. 85 9. 94 7.73 s 17, 24 1 43 15 13 18. 31 8. 31
w34 10. 16 0. B1 8. 78 11. 27 8. 00 Wsa 19. 25 1. 48 17. 19 20. 57 7. 67
W55 10. 76 0. 88 9.30 1211 8. 22 WSS 20. 50 1. 851 18. 54 21. 688 7.39
W6 10. 39 0. 88 8. 96 11. 70 8.45 Wb 20. 38 1. 857 18. 45 21.73 7.72
W57 8. 99 0. 79 7.71 10. 16 8 75 W57 18. 38 1. 58 16. 43 19.77 8. 59
Wws8 7. 68 0. &7 6. 59 8. 64 8. 76 w58 1628 1.57 14. 31 17.75 9. bb
W39 7.03 0. 61 602 7.83 8.75 W59 15 05 1. 56 13. 08 16 57 10. 33
W50 6.73 0. 58 5.79 7. 46 8. 65 wao 13, 40 1,582 12, 44 19 92 10. 98
Hol & 27 0. 54 5. 41 6. 95 8. 66 Wo1 13. 32 1. 49 11. 37 14.79 11.18
We2 5 77 0. 50 5. 00 6. 38 8. 64 Wao 15 05 1. 46 10. 13 13. 54 12.11
Wa3 5. 58 0. 48 4.85 6. 16 8. 61 Wes 11, 60 1 43 9. 69 13. 02 12. 31
W&4a S. 34 0. 48 4. 65 5. 99 g8. 94 Wea 10. 76 1. 42 8. 87 12. 23 13. 22
WeS 4. 96 0. 44 4. 34 5. 72 . 84 WoS5 911 1.38 7.23 10. 54 15. 14
Hob 4. 69 0. 43 4.10 5. 52 9. 08 Wab 7. 90 1,31 6.13 9. 27 16. 53
We7 4. 51 0. 42 3. 97 5. 38 9. 27 We7 o &5 =13 4.97 7.99 18. 94
WoB 4. 62 0. 43 4. 08 5. 895 Q.34 HYX) & 53 1. 21 4. 90 7.77 18. 56
WoS 5. 34 0. 48 4. 465 6. 11 8. 92 W69 9 72 1.20 8. 04 10. 93 12. 53
W70 10. 35 0. 91 8. 86 11.72 8.78 W70 20. 53 1. 43 19.03 21.87 b. 96
W71 20. 03 1.38 17. 88 22. 29 6. 88 w7l 31, 64 1. 69 29. 98 33. 57 5. 35
W72 30. 13 1.41 27.70 32. 25 4. 67 w72 3973 1. 88 37. 55 42, 0% 4,73
W73 38. 24 1.22 35. 74 39. 67 3.19 w73 24. 63 2,13 342, 21 47. 34 4.76
W74 43. 04 1.05 40. 73 44,13 2. 44 wra 7. 43 2 a5 44 38 49. 99 5.19
W75 45. 313 1. 02 42, 946 44. 38 2. 26 w7s 48 45 2 83 3%, 25 51. 04 s. 43
W7h 45 87 1.02 43. 77 47. 18 2. 22 W& 48. 86 2. 66 45.70 51. 48 5.45
W77 46. 03 1. 04 43. 87 47.38 2. 26 w77 48, 91 2 &2 45. 71 51. 44 5. 35
w728 45 87 1.02 43. 78 47. 26 2. 23 wre 48, 7% 2 &5 35, 55 S1.32 8. 44
W79 45 8% 1.02 43. 74 47.25 2. 23 W79 48. 72 3575 45 34 51. 36 5. 59
W80 45. 684 1.01 43. 81 47. 26 2 19 wao 48 75 2. 467 45. 83 51. 30 5. 48
We i 45. 71 1. 00 43, 69 4716 2. 20 usi 48. 70 2 69 45 34 51. 32 5. 52
[V=H] 45, 69 1. 00 43. 68 47. 09 2.19 gs 48 &5 2 a5 45, 80 51. 25 5. 44
w83 45.73 0. 99 43.73 47. 12 2. 16 w83 48. 74 2 66 4%. 58 51. 32 9. 46
WBa 45. 84 1.0} 43. 81} 47. 24 2. 21 uea 48, 80 2.73 43’ 32 51. 45 5. 60
WED 45. 88 0. 99 43. 96 47.33 2.15% was 48, 82 2 66 45, 59 51. 3% 3. 45
WBb 45.87 0.98 43.97 47.33 2.13 htsyd 48. 81 2. 76 45, 39 51. 40 5. 53
we7 45, 97 0.98 44. 04 47. 36 2.14 &7 48, 88 2 73 85 &4 51. 54 3. 58
wea 46. 00 Q. 96 44. 10 47. 36 2.10 88 4B. 81 2.70 4% 57 51.43 S. 93
w89 44, 02 0. 97 44 15 47. 4} 2 11 =t a8 92 2. 74 45. &7 51. 61 5. 61
WSO 46. 04 0. 94 44. 16 47.39 2. 08 W90 48 80 2. 68 45. &9 51.38 5. 49
WPl 45. 70 0. 95 43.85 47.05 2.08 Wi 28 %4 2 &4 45, 43 51.10 5. 44
W92 45. 60 0. 95 43,77 46. 93 2. 09 wos 48 34 2 76 45’ 04 50. 89 5.71
W93 43 79 0.93 44. 04 47. 20 2.03 wos 48, 44 2 74 4% 10 51. 10 5. &5
W94 45. 54 0. 95 43. 74 46. 87 2. 08 W94 48. 10 2.77 43. 77 50. 83 5. 76
W?5 45 24 0. 94 43, &2 46.77 2 12 Wos 47. 64 2 64 44. 53 50. 29 5. 55
W24 44.93 0. 92 43. 20 46. 27 2.04 Woh 46, 97 3. 62 43.78 49. &5 5. 58
W7 44. 86 0. 90 43. 22 46. 18 2. 00 w7 46, 70 2l 71 43. 35 49. 39 5. 81
W78 44, 65 0. 91 43. 04 44. 01 2. 04 wea 26, 36 2. 61 4319 48. 84 5. 63
W79 44. 52 0. 20 42. 89 45, 81 2. 01 ueo a6 41 2 57 43, 26 48. 88 5. 54
W100 44. 64 0. 88 43. 03 46, 02 1.98 Wioo 46 60 2. 52 43. 57 49. 09 5. 42
Wi01 44.77 0.85 43 17 46, 07 1. 91 Hi01 a6, 69 2 &9 43’ 78 49. 61 5. 73
o2 44. 91 0. 87 43, 31 46, 22 1. 93 w102 47. 19 2. 68 43, 90 49.79 5. 69
Q3 43. 02 Q. B4 43. 40 44. 28 1. 91 Wi03 47. B4 2. &1 44, 52 S0. 17 5. 48
04 44. 95 0. 86 43. 42 46. 25 1. 92 104 47, 32 2. 94 44. 12 50. 06 5. 78
05 4511 0. 91 43. A8 46. 42 2.01 3105 47 65 5 @o 44. 11 50. 21 5. 87
06 45.19 0. B4 43, 75 46. 93 1.Bb 104 a8, 12 2 6% 44. 89 50. &7 3. 52
07 45. 14 0. 91 43. 38 46. 43 2. .02 107 47 97 2 50 45%. 03 50. 18 3. 22
o8 45. 14 0.83 43. 62 46. 49 1.88 108 47. b4 2 a4 4323 50. 71 5. 95
09 43.17 0. 84 43. @2 46. 54 1. 8o 109 47. 26 2. 8& 43. 21 39. %8 6. 04
10 a3, 94 1. 02 43. 39 46. 54 2. 26 Wiio 47.18 2. 67 443. 746 30. 39 5. 66
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PAPER SQUARES FOR COMPARING LICOR & CARY

NEXTAL PAPER SQUARES

STATISTICAL ANALYSIS svys5.iEHM 16: 08 Fhiby.
WAVE RGREEN RRED TRED RYELL.OW TYELLOW
400 & 74 3 44 0. 00 3.35 0. 00
410 9.17 3 66 0.12 315 0. 17
420 8. 15 3. 24 0. 04 3. 04 0. 08
430 & 57 3.33 0. 11 317 0. 00
430 5 37 3.38 0. 10 319 0. 03
TRANS ¢9)] 420 377 3 39 .89 3 a8 582
MITT 4 4. . . . .

ANCE 470 4.77 3. %0 0. 02 3. 97 0. 06
o o o S 480 S 18 395 0. 01 476 0. 03
=3 fva) co — 490 6. 03 3. &0 0.01 6. %0 0. 02
o 500 . 7.3Q 3 64 0. 04 10. 66 0. 01
[FUUE TUUT TUIY DYDY TUUE S0 OOV I - 510 9 13 3.72 0. 01 18. 36 0. 03
F — 320 12. 91 3.90 0. 00 28.17 0.12
- 530 17. 37 315 0. 00 37. 90 0. 29
540 18. 64 4. 37 0.03 47. 07 0. 39
\ 350 16 34 4. 50 0. Ot 55. 60 1.0%
1 360 12. 96 4. 72 0. 02 &2, 44 1.57
1 570 10. 29 5 18 0. 04 66. 96 2. 00
1 $80 8. 57 7.25 0. 06 69 bb 2. 37
H &= 390 7. 67 14. 97 0. 21 71. 09 2. 63
\ &00 7.37 30. 34 0. 82 71. 57 2.83
' o 610 7. 46 47.83 1. 88 74.77 3. 00
\ 620 7.83 60. 20 2. 84 71. 84 3 i8
: &30 g. 41 &b, 73 3. 49 71.85 3,34
i 640 9 17 70. 23 3. 96 72. 00 3.92
, z o &30 10. 30 72. 47 4. 37 72. 24 3. 73
It brrd L © 660 11.73 73.87 4, 68 72 62 3. 91
. o« N &70 13. 35 74.83 4.94 73. 19 4 12
| (G} &80 14. 96 75. 74 5. 23 73. 90 4,32
H G &90 16. 55 76. 88 5. 53 74 92 4. 56
| 700 18. 20 77. 67 5.79 76. Ou 4.79
! s = 710 20. 04 78. 22 5. 98 77. 66 5. 02
‘ s = 720 22. 52 78. 71 6. 19 78. 13 5.24
: e < 730 25. B1 79. 12 6. 36 78 92 543
740 30. 09 79. 43 6. 54 79. &1 5 42
E 750 34. 84 79. 68 &. 67 79. 98 5. 77
s 740 39 &2 80. 02 &. 82 80. 29 5. 90
z 770 33 42 80. 34 &. 96 80. 33 5. 99
s w 780 45 81 B80. 17 7. 09 79. 81 &. 05
S o 790 47. 41 80. 46 7.23 79. 47 6. 11
[ T 800 48. 37 80. 62 7.38 79. 03 6. 14
3 < 810 48. &7 80. 64 7.48 78. 26 6. 16
" a = ¥4 820 48. 82 80. 74 7. 60 77.73 & 18
w 830 49. 00 80. 99 7.73 77. 21 6. 20
X 840 4918 81. 11 7.86 76. 79 6. 24
) N 850 49. 16 81. 31 7. 98 76. 29 6. 26
- o 260 49,15 B81. 27 8. 05 7%. 71 &, 29
\ e -2 870 49. 07 81. 45 8. 17 75. 56 6. 34
\ ~.. 880 49. 04 81. 53 8. 27 75. 25 6. 37
\. \ B90 49. 06 81. 60 8. 39 73. 10 6. 45
~. s 900 49.01 81. 52 8. 46 74. 96 6. 48
~ H 910 48 64 0. 92 B. 4% 74. 47 &. 48
: 920 48. 56 80. 90 8. 56 74. 48 6. 57
it o 930 48. 81 B1. 59 B. 69 74. 97 6. 70
i s 940 40. 61 81. 47 8.78 75. 20 &.8%
x [ R 950 48. 50 81. 54 B. 80 75. 59 6. 91
3 960 48. 34 81. 25 8. 89 75. 44 7.02
| 970 48. 34 81. 38 8 96 75. 89 7.05
e} 980 48. 05 81.17 9. 01 75. 82 7.12
W 990 47. 85 81. 02 9. 04 75. 95 7.17
1000 47.74 80. 97 9. 14 76. 40 7.27
« LS 1010 47. 76 81.10 9. 30 76. 82 7.37
LAAAS MRS MAGE Radd ARAE MAAE MRS A 1020 47. b2 80. 98 9. 33 727.27 7. 56
o] Q o S 1030 47. 87 B80. 96 9.45 77. &2 7. &5
Sz EECRE - R A
(2) 3ONVLIT4TY 1060 47, bb 8115 9.75 79. 35 8 0%
1070 47.50 e1.22 9. 71 79. 53 8. 07
1080 47. 68 1. 50 9. 97 80. 28 8.17
090 47. 47 81,19 Q.76 80. 52 8. 42
47. 21 80. 70 9. 84 80. 42 8. 21
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REFLECTANCE CALIBRATION OF HELICOPTER MMR DATA
COLLECTED AT SUPERIOR NATIONAL FOREST

LARRY BIEHL

Purpue UNIVERsITY/LARS

REFLECTANCE FACTOR CALIBRATION ALGORITHM FOR HELICOPTER MMR Data
AT SwperioR NaTionaL Forest TesT S1TE

ASSUMING TLLUMINATION CONDITIONS AT SCENE (TEST SITE) AND REFERENCE
PANEL SITE ARE THE SAME:

D.(A)-pL (A)
= (3 L]
RS(A,G) Biz;;:;[:ar; FA) RR(A,O)

10/83-1
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WHERE : RS(A,O),RR(A,O) = IN-BAND REFLECTANCE FACTOR OF SCENE AND
REFERENCE PANEL, RESPECTIVELY (X)

Ds(l) = IN-BAND RESPONSE OF HELICOPTER MMR TO SCENE
DR(A) = IN-BAND RESPONSE OF CALIBRATION MMR To REFERENCE

PANEL NEAREST IN TIME TO MMR RESPONSE TO SCENE
{MAXIMUM TIME DIFFERENCE OF 1 MINUTE)

b (A) :
s
DL (M) = RESPONSE OF MMRs 70 NO LIGHT INPUT (DARK LEVEL)
e = SOLAR ZENITH ANGLE AT TIME OF OBSERVATION OF
REFERENCE PANEL
F(a) = FACTOR RELATING HELICOPTER AND CALIBRATION MMRs

InsTRUMENT CORRELATION FACTOR

F(A) 1S COMPUTED USING SIMULTANEOUS CALIBRATION AND
HELICOPTER MMR RESPONSES TO REFERENCE PANEL

AT BEGINNING AND END OF DATA ACQUISITION DAYS.

22
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IN-SITU DATA COLLECTION

SUMMARY OF

Data CoLrecTion of Canopy CoMPONENT OpTicAL PROPERTIES

BY

LARRY BIEHL

PurDUE UNIVERSTTY/LARS

Octoser 18, 1983

10/83-1

ACCOMPLISHMENTS

STUDY CONDUCTED TO DETERMINE CHANGE IN OPTICAL PROPERTIES OF
Rep BircH LEAVES AND RED PINE NEEDLES AFTER EXCISION,
(CONCLUDED CHANGE LESS THAN #5% OF VALUE FOR UP TO 1 WEEK
FOR SAMPLES STORED IN SEALED PLASTIC BAGS AT 5° C.)

PROCEDURE DEVELOPED TO MEASURE REFLECTANCE AND TRANSMITTANCE
OF NEEDLES,

OPTICAL PROPERTIES OF 150 ASPEN LEAVES, 22 ASPEN BARK SAMPLES,
108 BLACK SPRUCE NEEDLE SETS, 18 BrLack Spruce Twies, 5 RED PINE
NEEDLE SETS, AND 5 JACK PINE NEEDLE SETS WERE MEASURED.

APPROACH TO UNDERSTANDING ROLE OF BACKGROUND REFLECTANCE
DEVELOPED,




OPTICAL PROPELTIES OF ASPEN TREF COMPONENTS

SITES:

TREES:

CanoPY LAYERS:

TREE COMPONENTS:

LeAVES:
Bark SAMPLES:

SPECTRAL
MEASUREMENTS

SPECTRAL RANGE:

ExpeRIMENT DESIGN

HigH, Meprum, Low ‘PuyTomass’

Hien - 24, 25, 26
Meptum - 27
Low - ? (D

Lower, MiDDLE, UPPER
Leaves, Bark
10 PER LAYER
2 PER LAYER

REFLECTANCE AND TRANSMITTANCE OF FRONT AND BACK
OF LEAVES,

REFLECTANCE OF BARK.

490 - 1100 nv SAMPLED EVERY 10 nm,

OPTICAL PROPERTIES OF BLACK SPRUCE COMPONENTS

S11ES:

TREES:

Canopy LAYER:
TrRee COMPONENTS:
NEEDLES :

Twies:

SPECTRAL
MEASUREMENTS:

SPECTRAL RANGE:

ExperIMENT DESIGN

HigH, Meprum, Low 'PHyTomass’

Hien - 55 Meprum - 53 Low - 54
tower, MipbLE, UPPER

NeepLes, Twies, Barx

6 SETS EACH CURRENT YEAR AND OLDER PER LAYER
1 EACH CURRENT YEAR AND OLDER PER LAYER

REFLECTANCE AND TRANSMITTANCE OF FRONT AND BACK
OF NEEDLES SETS,

REFLECTANCE OF TWIGS.

400 - 1100 nM sampLED EVERY 10 nm,

A1




OPTICAL PROPERTIES OF ‘OTHER’ SPECIES

ExpERIMENT DESIGN

SPECIES: Rep PIne
Jack PINE
NEEDLES: 5 SETS
SPECTRAL REFLECTANCE AND TRANSMITTANCE OF 'FRONT' AND 'BACK'

MEASUREMENTS: o weEDLE SETS

SpecTRAL RanGE: 400-1100 nm samMpLED EVERY 10 Nm

DATES DATA COLLECTED

Aspen LEAVES AND BARK: AususT 20 - 28
BLack Spruce NEEDLES AND TWiGs: SepTEMBER 24 - OCTORER 4
Rep PiNe MEEDLES: SEPTEMBER 30

Jack PIne NEEDLES: SepTEMBER 30




SUMMARY OF MEASUREMENTS USING LiCow 1800 INTEGRATING SPHERE

NuMBER 0f MEASUREMINTS

CoMPONENT CoMPONENT PART CALIBRATION
AspEN LeAVEs 648 324
Aspen Barx 22 22
Buack Seruce NeepLes 216 216
Buack Spruce Twies 18 18
Rep Pine NEEDLES 20 10
Jack PINE NEEDLES 30 20

ToTAL NUMBER OF MEASUREMENTS = 1564

SAMPLES SENT TO NASA/JSC FOR MEASUREMENT WITH CARY-14

(SpecTRAL COVERAGE OF CARY-14 1s .4 - 2.5 ym

® ASPEN = 3 LEAVES/LAYER FOR TREES 25, 26, 27 & 'LOW PHYTOMASS'

1 - 2 BARK SAMPLES PER LAYER

®* GReeN, Yertow, AND Rep Seusres ofF 3M NexTaL Suepe PAPER FOR

L1Cor AND CARY-14 MEASUREMENTS COMPARISON

26



BACKGKOUND REFLECTANCE

BENERAL BACKGROUND CLASSES:

Moss

Brack SPRuCE
- GRASs
- SCATTERED LOW SHRUBS

AspPeN - SCATTERED LOW SHRUBS (.3 - 1.0 METER)
- SCATTERED HIGH SHRUBS (2 - 2.5 METER)

PROCEDURES AND INSTRUMENT MOUNT WERE DEVELOPED DURING SEPTEMBER
TO MAKE 'REFLECTANCE' MEASUREMENTS OF MOSS, GRASS, AND LOW SHRUBS

WITHIN CANOPY.

A GOOD SET OF MEASUREMENTS WAS NOT MADE BECAUSE OF CLOUD COVER.
12 MEASUREMENTS OF MOSS IN O LOCATIONS AT SITE 41 WERE MADE ON
9/12/83 UNDER OVERCAST CONDITIONS FOR TEST.

APPROACH TO UNDERSTANDING ROLE OF BACKGROUND REFLECTANCE

CONCENTRATE ON LOW 'UNIFORM' BACKGROUNDS -- MOSS, MAYBE GRASS,
(SHRUBS ARE MUCH MORE COMPLICATED BECAUSE OF 3-DIMENSIONAL
NATURE AND NON-UNIFORMITY,)

COLLECT REFLECTANCE MEASUREMENTS OF BACKGROUND AT >20 LOCATIONS
IN SITE WITH REFERENCES TO REFLECTANCE PANEL AT SAME LOCATION
AND SECOND REFERENCE PANEL IN OPEN, REPEAT 4 - 5 TIMES THRU DAY,
SUNNY CONDITION; NO CLOUDS NEAR SUN. DETERMINE VARIATION AS
FUNCTION OF DAY AND SPATIAL LOCATION.

MEASURE REFLECTANCE OF AT LEAST 4 SAMPLES OF MOSS TAKEN TO AN
OPEN AREA,

COLLECT MEASUREMENTS OF CANOPY WITH SNOW BACKGROUND SEVERAL TIMES
THRU DAY, COLLECT REFLECTANCE MEASUREMENTS OF SNOW ONLY.

UsE MEASUREMENTS FROM CONTROLLED EXPERIMENT WITH BACKGROUND VARIATION.

10
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BACKGROUND REFLECTANCE ISSUES

* WHAT REFLECTANCE MEASUREMENT OF BACKGROUND DU MODELS'

REQUIRE?

= BACKGROUND ONLY
= BACKGROUND UNDER CANOPY

* How SENSITIVE ARE MODELS TO BACKGROUND REFLECTANCE?

SUMMARY OF HEMISPHERICAL PHOTOGRAPHY

Data AcquisiTion

Daves

SITES

CoNDITION OF ASPEN

5/16

EARLY SEPTEMBER

M1p-OcTOBER

NOoVEMBER

Aspen - 22

Aspen - 16, 71, 73

Brack Spruce - 2, 12, 56

Aspen - 16, 71, 73

Brack Seruce - 2, 12, 56

Aspen - 16, 71, 73

BLack Seruce - 2, 12, 56

No LEAVES

LEAVES ON TREE

SOME LEAVES ON TREE

No LEAVES




FUTURE PLANS

COMPLETE MEASUREMENTS OF 'LOW PHYTOMASS' OF
ASPEN BARK AND BLACK SPRUCE BARK.

PREPROCESS OPTICAL MEASUREMENTS OF BLACK
SPRUCE COMPONENTS AND SUMMARIZE RESULTS,

DiGITIZE HEMISPHERICAL PHOTOGRAPHY,

13




DIURNAL CHANGES IN REFLECTANCE FACTOR OF VECGETATIVE CANOPIES

BY

Cra16 DaueHTRY, LARRY BieHL, Mamrvin BAuer

Purpue UN1vErs1TY/LARS

Octoeer 18, 1983

DIURNAL CHANGES IN REFLECTANCE FACTOR OF VEGETATIVE CANOPIES

BACKGROUND

REMOTELY-SENSED SPECTRAL MEASUREMENTS OF VEGETATION ARE INFLUENCED

BY MANY FACTORS INCLUDING:

. Tvpe

. ConpITION

. SOIL BACKGROUND
+  ATMOSPHERE

. CANOPY GEOMETRY
. TLLUMINATION

. SENSOR

SPECIES, VARIETY

AGE, STRESS, DISEASE, % COVER

SOIL TYPE, COLOR, MOISTURE

OPTICAL DEPTH, HAZE, CLOUDS

PLANT SPACING, HEIGHT, WIDTH, LEAF ANGLES
SOLAR AZIMUTH AND ZENITH ANGLES

VIEW ANGLE, SIZE OF RESOLUTION ELEMENT

PREVIOUS RESEARCH HAS SHOWN AND SOME CANOPY MODELS PREDICT THAT AS PRO-

PORTIONS OF SUNLIT AND SHADED SOIL AND VEGETATION CHANGE, REFLECTANCE
OF THE COMPOSITE SCENE MAY VARY MORE THAN 100%, ESPECIALLY IN VISIBLE

WAVELENGTHS .,

10/83-1
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CHances IN RerLectance In Rep (1.6-0.7 uM) anp Near Inrrarep (0.8-1,1 o9
PLoTTED AGAINST DIFFereNceES BETWEEN SoLArR AND Row Azimuts,

0, 08-07pm
[: 8
-
8}
2 s}
-
©
-~ .
& of
.
O
£
2 c A A A A . I N —
H
E 70, 0B-L1pym
-3
-560.
&
= 50}
[
8
© 404 /____..\__V:
&8
a0}
20¢
w0l
P23 S VS A W W S S
-80 -40 0 40 80

Solar Azimuth - Row Azimuth

EanDs
Sort Cover s BL7.

3l

* RED REFLECTANCE CHANGED MORE THAN 1N0% oF VALUE
DURING THE DAY DUE TO VARYING AMOUNT OF SHADOW
WITHIN THE CANOPY,.

* VARIATIONS IN NEAR INFRARED REFLECTANCE ARE LOWER
(RELATIVE OF MINIMUM REFLECTANCE OBSERVED) THAN
THAT NOTED IN RED REGION. CHANGES IN [R ARE NOT
AS CLEARLY RELATED TO SUN-ROW INTERACTIONS AS IN
VISIBLE.

* ABSOLUTE CHANGES IN REFLECTANCE ARE SIMILAR IN
BOTH REGIONS.

KOLLENKARK, ET AL., 1982, AppL1ED OpTICs 21:1179-1184,

Bidirectional Reflectance Factor (%)

©Or 06-07pm ’
s REFLECTANCE OF SOYBEANS IN RED WAVELENGTH
- rRecioN (0.6-0.7 'UM) FOR THREE ROW
TN
6 DIRECTIONS OVER TIME. (BU4Z SOIL COVER),
o -
: Row Direction
2 - ers suae 24000
— 165°
G L [] [N | I ] 4
" 12 1 2 3 5
Time - 0.6-0.7pm
é T . st . * . « . Bare Scil
8
S s}
[
®
E . . » o Fuil C aniopy
£l . e e
-4
REFLECTANCE IN RED WAVELENGTH g .
REGION FOR BARE SOIL AND FULL 3
£ $ " . . ,
(1907 COVER) CANOPY OF SOYBEANS 5 ol - = = o
WITH CHANGES IN SOLAR ZENITH ANGLE. Solar Zenth Anate
* KoLLenkark, J.C., V.C. VanpersiLT, C.S.T. DaucHTRY anp M.E. Bauer. 1982. INFLUENCE

OF SOLAR ILLUMINATION ANGLE ON SOYBEAN CANOPY REFLECTANCE.

AppLI1ED OpTics 21:1179-1184,




PROJECTED SOLAR ANGLE, B
SP
8sp = L (ran B siw $)

WHERE: © = SOLAR ZENITH ANGLE
é = DIFFERENCE BETWEEN ROW
AZIMUTH AND SUN AZIMUTH ILLUSTRATION OF THE PROJECTED SOLAR ANGLE,
ANGLES, BSP , AS OBSERVED WHEN LOOKING TO THE WEST.
THREE DATES AND THE CORRESPONDING TIMES
RESULT IN THE SAME SHADOW PATTERN AND
85p = 26 DEGREES.

Date Time ZeniTH AzimutH B

15 Ave 12:00 26.3 18).0 26.3
21 Aue  2:09 40,1  234.2 26,3
10 Ser  4:49 73,7  261.7 26.3

PROJECTED SOLAR ANGLE ACCOUNTS FOR THE
SIZE OF THE SHADOW OF THE FOLIAGE
PROJECTED ON THE SOIL.

RELATIONSHIP BETWEEN RED REFLECTANCE AND PROJECTED SoLAR ANGLE
For THREE SovBeEan CanoPIES

* CANOPIES WITH LOW SOIL COVERS SHOWED
GREATER CHANGES IN REFLECTANCE DUE TO
CHANGING SUN ANGLE THAN THE NEAR FULL
2??4?25? CANOPY,
* TWO FUNCTIONS PRESENT:
1. DEPENDENT ZONE - WHERE REFLECTANCE
IS CHANGING RAPIDLY WITH SOLAR
ANGLE. MEASURED REFLECTANCE IS A
78% cover
86cm tal FUNCTION OF SUNLIT SOIL REFLECTANCE
- AND VEGETATIVE REFLZCTANCE.,

INDEPENDENT ZONE - WHERE SOIL
- SURFACE 1S COMPLETELY SHADOWED.
MEASURED REFLECTANCE IS FUNCTION

E- . 94% cover OF PERCENT SOIL COVER,
i Sttt 84 cm tall ERCE -

-
b
N

H O O N b OO N b O ®

Bidirectional Reflectance Factor (%)

N
T

T * CRITICAL ANGLE SHIFTS TO LOWER PROJECTED
0 10 20 30 40 50 60 SOLAR ANGLES FOR HIGHER SOIL COVERS OR
Projected Solar Angle (esp, CANOPY HEIGHTS.

0

KoLLENKARK ET AL., 1982. AppLIED OpTics 21:1179-1184,




RerFLEcTANCE, X

REFLECTANCE OF SoYBEAN CANOPIES WITH Row DIRECTION AND SOLAR ZENI iH ANGLE .

ZERO 1S SUN AZIMUTH DIRECTION,

Rep

Cover 15 AO7,

NEAR INFRARED

»
.
-

4.2

3.6

WHITE

@ 2120

Row DIRECTION, DEGREES

T1 = TIME INTERVAL WITH AVERAGE SOLAR ZENITH oF 220,
T4 = TIME INTERVAL WITH AVERAGE SOLAR ZENITH ofF 399,

* RED REFLECTANCE OF CANOPIES
ORIENTED AT N° ROW DIRECTION
DID NOT CHANGE WITH SOLAR
ZENITH FOR WHITE AND SOIL.
AT ALL OTHER ROW DIRECTIONS
RED REFLECTANCE DECREASED AS
ZENITH ANGLE INCREASED.

Near [R REFLECTANCE INCREASED
AS SOLAR ZENITH INCREASED.

DARK BACKGROUNDS ARE DIFFERENT.
~ RED REFLECTANCE HAD TWO
LOCAL MAXIMA,
- IR REFLECTANCE HAD MAXIMA
AT 60-99° 70 ROW DIRECTION.

o VanperBiLT, V.C., J.C. KoLLeEnkark, L.L Bieur, B.F. RoBinson, M.E. Bauer, anD K.J. Ransox.
1980 DIURANL CHANGES IN REFLECTANCE FACTOR DUE TO SUN-ROW DIRECTION INTERACTIONS.
INT'L CoLLoQuUIUM ON SPECTRAL SIGNATURES OF OBJECTS IN REMOTE SENSING. AVIGNON, FRANCE.

(LARS TecH, ReporT 097881).

8-11 Sep 1980.

REFLECTANCE OF SoYBEAN CANOPIES AS FUNCTION OF PROJECTED SOLAR ANGLE

Rep

NearR INFRARED

YHITE

SoiL

REFLECTANCE,

]

20 40 0

PROJVECTED SOLAR ANGLE, DEGREES

Tl = TIME INTERVAL WITH AVERAGE ZENITH ofF 229,
T4 = TIME INTERVAL WITH AVERAGE ZENITH ofF 39°,

* VANDERBILT, ETAL., 1980,

LARS Tecw. Report 090881,

*CANOPY REFLECTANCE IS A
FUNCTION OF PROJECTED SOLAR
ANGLE AND BACKGROUND REFLECTANCE.

*PROJECTED SOLAR ANGLE EXPLAINS
MOST OF VARIATION IN RED
REFLECTANCE OF CANOPIES WITH
WHITE AND SOIL BACKGROUNDS.

'BOTH PROJECTED SOLAR ANGLE AND
SOLAR ZENITH ANGLE AFFECT
REFLECTANCE IN IR REGION AND IN
RED REGION. WITH BLACK BACKGROUND.,

*RESULTS FOR RED SUPPORT MOST
CANOPY REFLECTANCE MODELS,
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To

OBJECTIVES

INVESTIGATE CHANGES IN SPECTRAL REFLECTANCE OF VEGETATIVE CANOPIES
RELATED TO SUN ANGLE, BACKGROUND, AND PLANT DENSITY.

APPROACH

DES1GN/MODIFY EQUIPMENT TO ACQUIRE SPECTRAL DATA AT TWO VIEW ANGLES
OF SIMULATED CANOPIES ON A TURNTABLE,

ARRANGE POTS OF SMALL (1 M) BALSAM FIR TREES IN EQUIDISTANT PATTERNS
ON A TURNTABLE TO SIMULATE CANOPIES WITH DIFFERENT DENSITIES OF TREES,

ACQUIRE SPECTRAL REFLECTANCE DATA OF CANOPY WITH BarNES MMRs.

ROTATE THE TURNTABLE (360 DEGREES IN 10-DEGREE INCREMENTS) AND CHANGE
THE BACKGROUND BETWEEN THE TREES (WHITE-AND-BLACK PAINTED BOARDS PLUS

GRASS),

APPROACH (conT.)

MEASURE KEY BIOPHYSICAL CHARACTERISTICS OF REPRESENTATIVE TREES
INCLUDING:

« HEIGHT AND WIDTH OF CROWN

. NUMBER AND LENGTH OF BRANCHES

. LENGTH, WIDTH, AND AREA OF NEEDLES

« WEIGHTS OF STEMS, BRANCHES, AND NEEDLES

. REFLECTANCE AND TRANSMITTANCE OF NEEDLES, TWIGS, BARK

ANALYZE THESE DATA PLUS PREVIOUSLY ACQUIRED DATA FOR NHEAT; SORGHUM,
AND SOYBEANS., DESCRIBE CHANGES IN REFLECTANCE AS FUNCTIONS OF SOLAR
ILLUMINATION AND SENSOR VIEW ANGLES AS WELL AS KEY BIOPHYSICAL
CHARACTERISTICS.,

10
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STUDIES OF THE EFFECTS OF SUN ANGLE AND
VIEW ANGLE ON REFLECTANCE OF VEGETATION CANOPIES

BY
JoN Ranson

LARRY BIEHL

Purpue Un1veERs1TY/LARS

OctoBer 18, 1983

OUTLINE

SwMaRry oF Data SeTs

EFFECTS OF SUN ANGLE ON REFLECTANCE FACTOR WITH NORMAL
VIEW ANGLE

EFFECTS OF SUN ANGLE ON TRANSFORMATIONS WITH NORMAL
VIEW ANGLE

EFFECTS OF SUN ANGLE/VIEW ANGLE ON REFLECTANCE FACTOR

EFFECTS OF SUN ANGLE/VIEW ANGLE ON TRANS FORMAT IONS

Y

75
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N (o]
Table 1. Summary of Sun-view Angle Data Sets for Soybeans (1980) and 215° 0 NORTH SOYBEAN 1980
Cornl1562). ' 10° Field of View
270°
SOLAR ZENITH SOLAR AZIMUTH 225° 10m Elevation
START END ANGLE RANGE ANGLE RANGE NUMBER CLOUD Hi~Ranger
DATE TIME TIME (DEGREES)  (DEGREES) OF C?:‘):H \ 25 minutes to acquire
-] ATA SETS
(GMT)  (amm) HAX-HIN-HAX D 45° full hemisphere of
o
July 18,1980  17:59 21:35 19-50  183-265 5 10-20 : o 90 : view angles.
July 25,1980 15:% 18349 H0-21-24 109-2%4 [ 1-20 . . g 135
Aug 27,1680 15:15 18349 40-30-60 132-237 12 0 < g Lot
June 13,1982 17:24 21158 18-17-55 162-272 9 1-10 S
June 14,1982 15358 1B8:01 27-17 na-;gg g :g-ﬁg -
June 21,1982 W52 19316 81-17-25 101, - -
June 23:1982 16:55 18145 21=17-21 1W2-218 5 5-30 . ) NORTH cgmq 1332
June 24,1982 14:07 1B:38 49-18-20 92-214 10 _ 5=-10 2 Hi-Ra (June- uly)
July 6,1982 15310 1B:21 38~18-19 105-201 3 3-60 nger - 150 o
July 9,1982 15:26 16:14 36.28 109-123 2 10-17 g and 10 FOV
July 12,1982 30 16:43 46-26 110-136 5 0-35 el Lom E1 .
July 14,1982  14:59 15321 41-37 103-108 g 1?-53 S evation
July 15,1982 15807 161 40-29 105-123 -
Jul; 16:1982 16:58 17307 22-21 Y149 1 } :3 ‘ $ix minutes to acquire
July 23,1982 W25 22:42 49-23-64 98-275 17 -
July 30:1982 W01 15:27 su-gg gg-:sg _“, - 8-323 \ half hemisphere,
July 31,1982 13146 16150 57- - - Hi-Ranger
Aug 11:1982 Vazth 18327 51-25-26  103-197 12 0-20 . 20 minutes between
Aug 12,1982 1M:08 19:15 53-25-31 102-222 24 0-20 hal
Avg 19,1982 58 19317 48-31-37 118-219 16 5-20 alves.
Aug 28,1982 16:00 17:48  39-31 135-;:: 2;1 13-32 .
Sept 84,1982 1:13 21330 48-33-70 123. © 0= NORTH CORN 1982
10-1 .
Oct 25,1982 16:30 21130 53-52-80 170-245 18 5 (August-due dber)
Py .
/< ™~ )\ 10° Fleld of View
L ¢ 10.4m Elevation
1 ) 12 minutes to acquire
y two full hemispheres.
.
TOWER

Figure 6-2. Spectral data_oollection configurations for 1980 and 1982 sun-
view angle experiments., Arrows indicate view azimuths.
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ReFLECTANCE FACTOR As A FuncTion oF SOLAR 7ENITH ANGLE.
L4
View ANGLE (By) 15 O
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LINEAR TRANSFORMATIONS
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3 TRANSFORMATIONS AS A FUNCTION OF SOLAR ZENITH ANGLE FOR

[
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REFLECTANCE FACTOR AS A FUNCTION OF VIEW LENITH ANoLE

INCOMPLETE CANOPY
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REFLECTANCE FACTOR FOR BARNES MMR BanDs AS
ProJecTED SoLAR ANGLE For Corn Canopy
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ReFLecTaNcE FacTOorR FOorR BARNES MMR BanDs As A FuncTION of
PROJECTED SOLAR ANGLE For Corn Canopy
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TRANSFORMATIONS AS A FUNCTION OF VIEW ZENTTH ANGLE FOrR COrN CANOPY L/_’Z

MEASUREMENTS WERE MADE AT NOON
June 13
(LAI = 0.8

3.0 PARALLEL VIEW PERPENDICULAR VIEW
A ¢v= 0° 1 Q)V= 2707

-60 -30 O 30 60 -60 -30 O 30 60
View Zenith Angle, deg. 1s
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TRANSFORMATIONS AS A FuncTion oF ViEw ZeniTH ANGLE For Corn Canopy
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TRANSFORMATIONS AS A FUNCTION OF View ZENITH ANGLE FOR CORN CANOPY
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SOME COMMENTS Y Y

THE 3 TRANSFORMATIONS AS A FUNCTION OF SOLAR ZENITH ANGLE ARE
SIMILAR FOR CORN canoplEs wiTH LAls <1,5,

THE NORMALIZED DIFFERENCE CHANGES LITTLE WITH SOLAR ZENITH ANGLE
FOR CORN CANOPIES WITH LAls >4,

THE v.  \TIONS IN THE TRANSFORMATION AS A FUNCTION OF VIEW ZENITH
ANGLE »  SIMILAR FOR CORN CANOPIES WITH LAls <1.

THE NORMALIZED DIFFERENCE CHANGES LITTLE WITH VIEW ZENITH ANGLE
(PROBABLY 1S SATURATED) FOR CORN CANOPIES WITH LAIs >4,
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