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Problem	Statement	and	Research	Questions

1. What	is	the	feasibility	of	quantification	of	the	soil	
properties/constituents	 using	airborne	imaging	spectroscopy	data	?

2. What	is	the	Effect	of	Spatial	Resolution	(Scaling	Up)	on	the	
Characterization	of	Soil	Constituents?
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Approach	– Feasibility	of	Characterizing	Soil	Constituents	over	
Large	Areas
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Soils	 are	complex	
Heterogeneous	system

Generally	an	over-
determined	problem	
with	p	>>n

Develop	a	modeling	
framework	applicable	

over	large	areas

Evaluate	the	
consistency	of	results	
over	the	landscape

Take	advantage	of	the	AVIRIS	
spectra	(224	bands	@10	nm)	
covering	the	full	Vis-NIR	and	
SWIR	region	of	the	spectra

-sparse	“narrow	
band”	models	will	
be	able	to	capture	
soil	attributes

Gain	insights	into	
the	model	
structure

Characterizing	soil	
attributes	over	large	

areas

Very	few	field	
observations
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76 data points with 
NDVI <0.7
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224 predictor set
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Reduced set of 45 
predictors

10 10 10 5

Observed Soil Texture Data

clay

silty clay

sandy clay

clay loam silty clay loam

sandy clay loam

loam

silty loam

sandy loam

siltloamy sand
sand

102030405060708090

10

20

30

40

50

60

70

80

90

10
20

30
40

50
60

70
80

90

[%] Sand 50−2000 µm

[%
] C

la
y

 0−
2 µm

[%
] S

ilt 2−
5
0 µ

m

3 6

8

9
10
11

12

13

14

16

1718

19

20

21

23

24

25

26

27
28 29

30

31

32
33

34

35
36

37

38

39

40

42

4344

46

48

49

50

51

52

57

58

61

62

63

64

65

66
6768

71

72 75

76

80

81

82
83

84
85

86

87

8889

91

92

9394

96

98

99

100

Predicted Soil Texture Data

clay

silty clay

sandy clay

clay loam silty clay loam

sandy clay loam

loam

silty loam

sandy loam

siltloamy sand
sand

102030405060708090

10

20

30

40

50

60

70

80

90

10
20

30
40

50
60

70
80

90

[%] Sand 50−2000 µm

[%
] C

la
y

 0−
2 µm

[%
] S

ilt 2−
5
0 µ

m

3

6

8

9

10

11

12

13

14

16

17

18

1920

21

23

24

2526 27

28

29

30

31

32

33

3435

36

37

38

39

40

42

43
44

46

48 49

50

51

52

57

58

61

62

63

64

65666768
7172

75

76
8081

8283

84

85

86

87

88
89

91

92

9394

96

98

99

100

Lasso 50 times

Bootstrapping

50 times for final 
model coefficients

Final Model 
Coefficients

-”lasso”	method	
suited	for	p	>>n

y = β0 + β1X1 + β2X2 + ...+ βnXn

Application	of	
models	spatially	
over	large	areas

Captures	variability	in	
attributes		spatially	?

Dutta	et.	al.,	On	the	Feasibility	of	Characterizing	Soil	Properties	From	AVIRIS	Data,	 IEEE	TGRS,	Sept	2015:	doi:	10.1109/TGRS.2015.2417547
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 Sources: Esri, DeLorme, HERE, TomTom, Intermap, increment P Corp., GEBCO,
USGS, FAO, NPS, NRCAN, GeoBase, IGN, Kadaster NL, Ordnance Survey, Esri
Japan, METI, Esri China (Hong Kong), swisstopo, and the GIS User Community
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Historic Meander Patterns
of the Mississippi River

O' Bryan's Ridge

Region R1: 

Region R2: 
Data	and	Study	Region

• 27th July	2011	between	14:04	and	
15:00	local	time	(19:04	– 20:00	GMT).

• Altitude	9.0	– 9.1	km	resulting	in	pixel	
resolution	of	7.6m.

• Grab	samples	at	100	different	
locations.

• Lab	analysis	of	texture	and	chemical	
constituents,	 Organic	matter,	Ca,	Mg,	
K,	Al,	B,	S,	Fe,	Zn,	Cu,	P	and	Mn



Results	– Spatial	Maps	of	Texture	and	Organic	Matter
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Results	– Spatial	Organization	and	Landscape	Features
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The	spatial	maps	which	reveals	consistent	spatial	
organization	including	legacy	landscape	features	and	
immediate	fine	scale	disturbances	on	the	landscape.



Results	– Spatial	Maps	of	Chemical	Constituents
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Guiding	Research	Questions

1. What	is	the	feasibility	of	quantification	of	the	soil	
properties/constituents	 using	airborne	hyperspectral	data	?

– “Lasso”	algorithm	based	framework	found	to	be	feasible	to	quantify	soil	constituents	over	
large	areas	with	limited	soil	sample	data	and	field	spectroscopy.	

– Method	is	applicable	equally	well	for	soil	texture	and	chemical	constituents	and	provides	
spatial	maps	which	reveals	consistent	spatial	organization	including	legacy	landscape	
features	and	immediate	disturbances	on	the	landscape.

2. What	is	the	Effect	of	Spatial	Resolution	(Scaling	Up)	on	the	
Characterization	of	Soil	Constituents?

– Feasibility	of	application	of	the	data-mining	based	method	for	quantifying	soil	
constituents	from	space	based	satellite	platforms?

– Developing	a	suitable	set	of	metrics	for	evaluation	of	performance	and	consistency	of	
results	across	scales?
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Point	Scale	Evaluation	of	Results	– Observed	vs	Model	Prediction
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(a)	The	observed	(b)	model	predicted	points	
at	7.6	m	airborne	AVIRIS	resolution	(c)	model	
predicted	up-scaled	15.2	m	 (d)	30.4	m	and	(e)	
60.8	The	sample	numbers	are	indicated	on	
each	of	the	dots.	
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TABLE I
DESIGN KERNEL SIZES FOR UPSCALING THE AVIRIS DATA

Convolve and Resample Resolution Kernel Size

10 m 3⇥ 3
15.2 m 5⇥ 5
20 m 7⇥ 7
30.4 m 11⇥ 11
45 m 15⇥ 15
60.8 m 21⇥ 21
90 m 29⇥ 29

TABLE II
THE DIFFERENT PARAMETERS USED FOR ATMOSPHERIC CORRECTION OF AVIRIS SCENES

Scene 1 Scene 2 Scene 3 Scene 4 Scene 5 Scene 6

Flight Altitude (km) 9.092 9.108 9.088 9.072 9.093 9.108
Flight Heading (deg) 42.451 214.64 44.16 210.33 46.39 210.01
Ground Elevation (km) 0.0914 0.09095 0.0924 0.09412 0.0961 0.0994
Solar Zenith Angle (deg) 44.24 40.8 37.5 34.3 31.2 28.1
Solar Azimuth Angle (deg) 100.29 103.6 107.3 111.3 116.1 121.5
Pixel Size (m) 7.6 7.6 7.6 7.6 7.6 7.6

TABLE III
CLASSIFICATION ACCURACY OF USDA MODELED SOIL TEXTURE CLASSES AS COMPARED WITH OBSERVED SOIL TEXTURE CLASSES

Spatial Resolution Exact Classification[%] Close Classification[%] Incorrect Classification[%]

10 m 46.67 28.89 24.44
15.2 m 42.86 38.46 18.68
20 m 40.22 40.22 19.57
30.4 m 43.96 43.96 12.09
45 m 43.33 36.67 20.00
60.8 m 46.51 40.70 12.79
90 m 37.35 33.73 28.92
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originally used to identify them during data collection and
laboratory analysis, and (b) model predicted textural results at
7.6m original airborne AVIRIS resolution. Fig. 8(c) through
8(e) show the model predicted textural results using upscale
resolution data at 15.2 m, 30.4 m and 60.8 m respectively.

1) Effect of coarsening the spatial resolution on model
prediction results for soil texture and organic matter?: From
the USDA soil texture triangles (Fig. 8) it is found that the
laboratory and modeled soil classification results agree well.
The spread of the data in different classes is the same for
both observed and modeled results and across the data at the
various spatial resolutions. Moreover, inspection of the data
labels and comparison with the observed data reveals that
most of them are classified correctly, and we categorized the
classifications as ‘Exact Match’, ‘Close Classification’, and
‘Incorrect Classification’ defined as follows.

1) If the observed and the model predicted soil properties
belong to the same USDA soil texture class, we call it
a coincident match or exact classification.

2) If a soil property does not fall in the same category
we compute the deviation in the observed and model
predicted values for sand and clay percentages for the
sample and the total deviation as:

�

sand%

= |�observed

sand%

��

predicted

sand%

|

�

clay%

= |�observed

clay%

��

predicted

clay%

|

�

total%

= �

sand%

+�

clay%

3) If the total deviation (�
total%

) is less than or equal to
25% we call it a ‘close’ match, otherwise we call it an
‘incorrect’ classification.

The results of the classification analysis for all the different
spatial resolutions are presented in Table. III. The results
indicate that across all the different spatial resolutions (except
the large 90m pixel resolution) about 40 - 47 % of the samples
are classified exactly and about 28 - 41% samples indicate
close classification with the USDA soil texture classes. These
results show us that the ensemble lasso method performs
well not only for individual models but also for all the three
different soil texture models combined together.

B. Model Structure of Soil Constituents at Different Spatial
Resolutions

The model structure is investigated in terms of the explana-
tory predictor variables (wavelengths) for the different soil
constituents at all of the eight different spatial resolutions
(namely 7.6m, 10m, 15.2m, 20m, 30.4m, 45m, 60.8m and
90m) used for the study. For a particular soil constituent it
is interesting to know the forms of inter-relationships between
predictor bands of the models as we upscale the data. Figure
9 shows the relationships between model structure (predictor
bands) at different spatial resolutions for clay, silt, sand and
soil organic matter. It Illustrates which bands participates
in the prediction model (eq. 9) across different resolutions.

When a band participates in at least 3 different resolutions
it is identified in Fig. 9(a). Similarly when it participates
in atleast 4 different resolutions it is identified in Fig. 9(b).
Figs. 9(c) and (d) represent participation in 5 and 7 different
resolutions. It is found that there are a number of bands which
emerge as important predictors across most of the spatial
resolutions. A number of bands which are important predictor
for not one constituent but for a couple or all of the four
constituents. The model structure for soil chemical constituents
calcium, magnesium, potassium and aluminum show similar
patterns [see supplementary info. fig. S2 (a) - (d)]. The bands
which are predictor variables for the combination of other
spatial resolutions for the textural and chemical properties are
presented in the supplementary material [see figs. S3 and S4].

It is found that the number of common predictors across
many different spatial resolutions are higher for the chemical
constituents than the soil texture models. The summary figure
for the importance of wavelengths across different scales
for textural as well as chemical constituents is presented in
fig.10. We find that wavelengths in the blue region of the
spectrum (360 - 460 nm) is important for all the textural
properties and chemical constituents. The empirical models
for the prediction of the different soil constituents are based
on spectral characteristics of pure elements, compounds and
radicals as well as the intercorrelations between different
wavelengths as soil is a complex mixture. Even in an automatic
model development framework we have found that some of
the pure spectroscopic characteristics are well pronounced in
the models. For the clay models the 2.2µm feature which is a
hydroxyl absorption feature and is a signature of clay minerals
kaolinite and montmorillonite is found to be a predictor across
the models for all the spatial resolutions. Some of the other
features for these minerals such as the 1.4 µm water absorption
is captured across some of the spatial resolutions. Similarly
for the chemicals a close examination [fig. 10] reveals that the
bands at 1.1, 1.4 and 2.2 µm are selected as predictor bands for
calcium and magnesium across many of the spatial resolutions.
These band are associated with and are specific signatures
of Ca-OH and Mg-OH. Thus it may be concluded that the
empirical modeling framework selects the important spectral
signatures associated with a chemical constituent or a textural
property as well as utilizes an underlying correlation structure
among various bands across upscaled spatial resolutions for
quantification of the soil constituents. The results of section
IV - A and B indicate that the model results are consistent
and establishes the potential applicability of the method across
different spatial resolutions (from airborne to space borne) for
quantification of soil texture.

C. Spatial Distribution of Soil Constituents Across the Land-
scape at Different Resolutions

1) Change in prediction maps of soil constituents over
large areas due to coarsening spatial resolutions?: The lasso
prediction models developed at different spatial resolutions
(for soil texture and organic matter) were applied on a pixel
by pixel basis for obtaining quantitative spatial maps of the
constituents over the entire floodplain. These maps help us to

1. If	the	observed	and	the	model	predicted	soil	
properties	belong	to	the	same	USDA	soil	
texture	class,	we	call	it	a	coincident	match	or	
exact	classification.

2. Otherwise	we	compute	the	total	deviation.

1. If	the	total	deviation	(∆total%)	is	less	than	or	
equal	to	25%	we	call	it	a	‘close’	classification,	
otherwise	we	call	it	an	‘incorrect’	
classification.	
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Spatial	Distribution	of	Soil	Constituents	Across	the	Landscape	–
Deviation	from	Statistical	Central	values
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Spatial	Distribution	of	Soil	Constituents	Across	the	Landscape	–
Within	Pixel	Variances
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Summary	and	Conclusions

• Lasso	algorithm	based	modeling	 framework	is	applicable	across	multiple	 scales	
from	fine	 to	coarse	spatial	resolutions.

• The	model	 structure	across	multiple	 resolutions	 reveals	that	important	spectral	
features	such	as	water	absorption,	minerals	(clay,	OH-,	CO3-)are	represented	
across	multiple	 resolutions.

• The	point	 scale	results	and	the	within	pixel	variance	of	constituents	are	found	 to	
be	consistent	across	scales.

• The	pdf of	the	constituents	are	also	found	 to	be	similar	across	scales	with	slight	
shift	in	the	modes	for	some	constituents.

• The	lasso	based	quantification	method	has	the	potential	to	be	applicable	from	
space-based	sensors	such	as	HyspIRI.
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Thank	you!
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