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Study site
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Area: 3,070 km?

Three counties (64
townships)

Rice calendar:

> 15t crop: Jan = Jul
> 24 crop: Jul = Dec

Growing cycle: 110 -
130 days



Study site (cont.)

« Topography: Plain

« Soll type: Silt loam

« Drainage/ irrigation: Moderate — imperfect
* Field size: 0.5 - 1.1 ha

« Climate: Subtropical monsoon

« Agricultural method: Traditional farming
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Objectives

Goal: to develop a phenology-based approach for
rice crop mapping using MODIS-SPOT fusion data.

Specifically:
1) To fuse MODIS data with SPOT data;

2) To construct smooth time-series NDVI data
from the fusion dataset;

3) To map rice crops; and
4) To assess the mapping results.



Data collection

Data Date Resolution
MODIS/Terra data
(MODO9A1) 2011 500 m

DOY 027/208

SPOT 5 data 1 2001 10 m
Land-use map 2011 1/5000
Rice area statistics 2011
ASTER DEM data 30m
Field survey data 2011
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Data collection (cont.)

« MODIS data collected from NASA

» Spatial resolution: 500 m
» Temporal resolution: 8 days
» 7 bands ranging from visible to SWIR

« SPOT 5 data provided by CSRSR, NCU

» Spatial resolution: 10 m =>resampled to 30 m
» 4 band (green, red, nir-IR, and SWIR)

* Preprocessing: Radiometric and geometric

corrections (level 4)
JECAM € woron
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Field data and statistics

 Monthly rice parameters (i.e., plant height,
biomass, soil condition, number of leaves, etc.).

 Cropping calendar: planting and harvesting
dates

 Monthly rice planting area
* Rice statistics:
— Planting and harvesting areas

— Rice production at township level
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Rice crop phenology

Harvesting

i

I
Sowing \ v
l

Vegetative stage Reproductive stage Ripening stage

 Growing cycle: 110-130 days
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Photos taken in 2011

Rlahting, . . Jrowing e s growing
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Methodology
—P[ Data preprocessing

« MODIS data (2011) ‘
« SPOT data (2011)

[ MODIS-SPOT data fusion
« Land-use map (2011) ‘

series NDVI data with EMD
» Ground reference data (2011) ‘

* Rice area statistics (2011)

[ Rice crop mapping

{

Accuracy assessment

|
J
l { Construct smooth time- J
J
|
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© Data fusion with STARFM &

|
' | MoDIS(To) SPOT(To) |1 | MODIS(T,)
: Band x Band x : Band x
I |
- V { | ¥
|

|
: Reprojection Georeferening |i Projection
: Resmapling Atm. correction : Resmapling
[ Georeferening PIF : Georeferening
|

Masking
Moving window size
Similar pixels
Weight function

‘ Spatial-temporal adaptive
reflectance fusion model
Prediction SPOT(Ty) (STARFM) (Feng et al., 2006)
Band x

ledaps.nascom.nasa.gov/tools
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-Input
» MODIS and SPOT surface reflectance pair at t,,.
» MODIS surface reflectance M (X, Yi, t1o 1) @t t1 1o «-

e Output

 STARM-derived surface reflectance L (X;, Y, t;,) at ty
o k that are the same spatial resolution with SPOT data
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- MODIS/SPOT fusion results

/

Actual SPOT image STARFM-derived image
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Correlation analysis

1

06

SNDVI (DOY 201)

0 L 1 4 4 4 4 d
-%6 04 0.2 0 02 04 08 08
SPOT NDVI (DOY 208)

« Correlation between the STARFM-derived NDVI data (DOY
208) and NDVI SPOT data (DOY 208).
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Eonstruct time-series NDVI fat#®

 Calculate NDVI for NDVI = Pnir — Pred
each 8-day image. Phnir T Plreg

« Construct the yearly
NDVI time-series data
by stacking all NDVI
Images.

1
30

00
DOY(Day Of Year)
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& Noise filtering procedur

1. Pixels covered by thick cloud were
removed If the values of the blue band
greater than 0.2.

2. Missing/removed pixels were replaced
with new values using the linear
interpolation.

3. Empirical mode decomposition (EMD)
method was applied to filter out
noises from the NDVI time-series data.
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« EMD (empirical mode decomposition) (Huang et
al. 1998) can generate a set of intrinsic mode
functions (IMFs) and a residue to represent the
original time-series data.

* Residue 1s monotonic and shows the overall
trend of the data.

 The low-pass, high-pass and band-pass filters
can be designed from the IMFs and the residue.
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lowchart of EMD processi@'*“

[ Start ]—»Time-seriesdatax(t):r(t)

v « Stopping condition:
» Identify extremaof x(t) | X (t) = d(t)
v 1 2= . [d(k—l) (t) —d, (t)]2
Createupper envelopee,(t) = Z q2 (t)

and lower envelope g((t) t=0 (k-1)
v A=02~03

Calculate local mean m(t)
; d()—c, =r,

Letd(t) = x(t) = m(t)

Eventually, x(t) is expressed as

n
() = d(), r) = r(t) = co(t) x(t) = z Ci(t) + rp(t)
i=1

Is r(t)
monotonic
unction?
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No

End }

Huang et al. (1998)



Sifting processing  @sase

IMF 1; iteration O
1 1 1

1I0 2I0 3I0 4I0 5IO 6IO 7I0 8I0 9I0 1(I)O 1:ILO 120
* X(t) =r(t) iIs not equal zero or monotone.

* The sifting process decomposes this signal into a
set of IMFs, roughly log,(N), and a final residue.

 Final residue 1s monotonic from which no more
IMF can be extracted.

JECAM  ceosme
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Sifting processing

IMF 1; iteration O
1 1

1 1 1 1 1 1 1 1 1 1 1
10 20 30 40 50 60 70 80 90 100 110 120

 |dentify all extrema (maxima) of the x(t).

JECAM e
Joint Experiment for Crop Assessment and Monitoring S o EARTH OBSERVATIONS



Sifting processing

IMFl iteratio 0

AR

90 100 110 120

* Create the upper envelope e/ (t) by
connecting the maxima points with the cubic
spline interpolation.

JECAM  ceosme



Cosnee

Sifting processing

PO

 |dentify all extrema (minima) of the x(t).
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* Create the lower envelope g(t) by connecting
the minima points with the cubic spline
Interpolation.
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Sifting processing

« Calculate the mean of the upper and lower
envelopes: m(t) =[e,(t) + e(t)]/2
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Sifting processing

IMF 1; iteration 1
1 1 1 1 1 1 1 1 1 1 1
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JECAN.

Sifting processing

IMF 1; iteration 1
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Sifting processing

IMF 1; iteration 1
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Sifting processing

IMF 1; iteration 1

1 1 1 1 1 1 1 1 1 1 1
10 20 30 40 50 60 70 80 90 100 110 120

residue
1
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Sifting processing
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Sifting processing
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Sifting processing

IMF 1; iteration 2
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Sifting processing

IMF 1; iteration 2
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Sifting processing
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Sifting processing
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Sifting processing

IMF 1; iteration 2
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Sifting processing

IMF 1; iteration 2
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Sifting processing
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Sifting processing
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Sifting processing

IMF 1; iteration 5
1 1 1
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Sifting processing

IMF 1; iteration 6
1 1 1
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Sifting processing

IMF 1; iteration 7
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IMF 1; iteration 8
1 1
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When the difference between current d(t) and the previous d(t) was
small (i.e.,A=0.2~0. 3) the IMF is extracted.



Sifting processing

IMF 2; iteration O
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The sifting process is continued until all IMFs are extracted.
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Sifting processing
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Filtered NDVI profile ~tsise

-+-0Original NDVI data
Smooth NDVI data °

1 -

NDVI

1 33 65 97 129 161 193 225 257 289 321 353
DOY (2011)

« EMD-based low-pass filter was formed by

adding the last two IMFs and the residue.
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Rice crop mapping
An NDVI threshold of 0.4 was set to eliminate
unrealistic peaks.

ldentify the heading dates in the NDVI profile
using the local maxima method.

The heading date should fall in a specific
period of a cropping season.

The interval between two heading dates
should be longer than 90 days.

Rice cropping systems were classified using
the number of heading dates within a year.
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Rice crop mapping (cont) &%

[ Heading dates ]

7 ~

- S
- ~

Threshold

Feb-Mar to Jun/Jul Nov/Dec

___________________ >

1 33 65 97 129 161 193 225 257 289 321 353
DOY (2011)
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« OA: 89.6%
« Kappa: 0.79

« OA: 83.2%
« Kappa: 0.66 £

Classification
maps
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Correlation analysis

ss500 . FIFSt crop 2500  O€cond crop
. .
3,000 | y=1.04x+12.69 y=1.10x - 83.29 .
_ R2=0.98 _. 2000 r R2=0.90 .
£ 2,500 2
o o
£ 2000 £ 1,500 ¢
L= O
3 3
g 1,500 S 1000 }
W 1,000 it
500 }
500
0 L 1 1 1 L L 1 0 1 )
0 500 1,000 1,500 2,000 2,500 3,000 3,500 0 500 1,000 1,500 2,000 2,500
Rice-area statistics (ha) Rice-area statistics (ha)

 Therelative errorsin area (township level) between the estimated rice
areaand statisticsfor:

» thefirstcrop: 2.7%
» thesecondcrop:-1.5%.
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Concluding remarks

« STARFM iIs a good method to produce fusion
dataset for mapping small rice fields.

« EMD acts a good filter for noise removal from the
time-series SPOT NDVI data.

 The overall accuracies and Kappa coefficients for
the first and second crops were 89.6% and 0.79,
and 83.2% and 0.66.

* Close correlations between the mapping results
and the rice area statistics (R? > 0.9).



Research plan

« We still improve the methods for mapping other
short-term crops in the region.

« Canadian Radarsat-2 data are being ordered for
rice crop mapping.

JECAM



JECAM

Joint Experiment for Crop Assessment and Monitoring

Thank you

GROUP ON
EARTH OBSERVATIONS

)

&)

=3
(7



