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Global LAI for 47 CMIP5 Simulations Compared to MODIS

CMIP5 Model Monthly Mean Leaf Area Index (2000−2009)
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MODIS−level−3 v5
BCC−CSM1.1 r1i1p1
BCC−CSM1.1−M r1i1p1
BNU−ESM r1i1p1
CanESM2 r1i1p1
CanESM2 r2i1p1
CanESM2 r3i1p1
CanESM2 r4i1p1
CanESM2 r5i1p1
CCSM4 r1i1p1
CCSM4 r2i1p1
CCSM4 r3i1p1
CCSM4 r4i1p1
CCSM4 r5i1p1
CCSM4 r6i1p1
CESM1−BGC r1i1p1
CESM1−CAM5 r1i1p1
CESM1−CAM5 r2i1p1
CESM1−CAM5 r3i1p1
CESM1−WACCM r2i1p1
GFDL−CM3 r1i1p1
GFDL−ESM2G r1i1p1
GFDL−ESM2M r1i1p1
HadGEM2−CC r1i1p1
HadGEM2−CC r2i1p1
HadGEM2−CC r3i1p1
HadGEM2−ES r1i1p1
HadGEM2−ES r2i1p1
HadGEM2−ES r3i1p1
HadGEM2−ES r4i1p1
INM−CM4 r1i1p1
IPSL−CM5A−LR r1i1p1
IPSL−CM5A−LR r2i1p1
IPSL−CM5A−LR r3i1p1
IPSL−CM5A−LR r4i1p1
IPSL−CM5A−MR r1i1p1
IPSL−CM5B−LR r1i1p1
MIROC5 r1i1p1
MIROC5 r2i1p1
MIROC5 r3i1p1
MIROC−ESM−CHEM r1i1p1
MIROC−ESM r1i1p1
MPI−ESM−LR r1i1p1
MPI−ESM−LR r2i1p1
MPI−ESM−LR r3i1p1
MPI−ESM−MR r1i1p1
NorESM1−ME r1i1p1
NorESM1−M r1i1p1

(Hoffman et al., in prep.)



Zonal LAI for 47 CMIP5 Simulations Compared to MODIS

CMIP5 Model DJF Zonal Mean Leaf Area Index (2000−2009)
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MODIS−level−3 v5
BCC−CSM1.1 r1i1p1
BCC−CSM1.1−M r1i1p1
BNU−ESM r1i1p1
CanESM2 r1i1p1
CanESM2 r2i1p1
CanESM2 r3i1p1
CanESM2 r4i1p1
CanESM2 r5i1p1
CCSM4 r1i1p1
CCSM4 r2i1p1
CCSM4 r3i1p1
CCSM4 r4i1p1
CCSM4 r5i1p1
CCSM4 r6i1p1
CESM1−BGC r1i1p1
CESM1−CAM5 r1i1p1
CESM1−CAM5 r2i1p1
CESM1−CAM5 r3i1p1
CESM1−WACCM r2i1p1
GFDL−CM3 r1i1p1
GFDL−ESM2G r1i1p1
GFDL−ESM2M r1i1p1
HadGEM2−CC r1i1p1
HadGEM2−CC r2i1p1
HadGEM2−CC r3i1p1
HadGEM2−ES r1i1p1
HadGEM2−ES r2i1p1
HadGEM2−ES r3i1p1
HadGEM2−ES r4i1p1
INM−CM4 r1i1p1
IPSL−CM5A−LR r1i1p1
IPSL−CM5A−LR r2i1p1
IPSL−CM5A−LR r3i1p1
IPSL−CM5A−LR r4i1p1
IPSL−CM5A−MR r1i1p1
IPSL−CM5B−LR r1i1p1
MIROC5 r1i1p1
MIROC5 r2i1p1
MIROC5 r3i1p1
MIROC−ESM−CHEM r1i1p1
MIROC−ESM r1i1p1
MPI−ESM−LR r1i1p1
MPI−ESM−LR r2i1p1
MPI−ESM−LR r3i1p1
MPI−ESM−MR r1i1p1
NorESM1−ME r1i1p1
NorESM1−M r1i1p1

(Hoffman et al., in prep.)



Zonal LAI for 47 CMIP5 Simulations Compared to MODIS

CMIP5 Model JJA Zonal Mean Leaf Area Index (2000−2009)
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MODIS−level−3 v5
BCC−CSM1.1 r1i1p1
BCC−CSM1.1−M r1i1p1
BNU−ESM r1i1p1
CanESM2 r1i1p1
CanESM2 r2i1p1
CanESM2 r3i1p1
CanESM2 r4i1p1
CanESM2 r5i1p1
CCSM4 r1i1p1
CCSM4 r2i1p1
CCSM4 r3i1p1
CCSM4 r4i1p1
CCSM4 r5i1p1
CCSM4 r6i1p1
CESM1−BGC r1i1p1
CESM1−CAM5 r1i1p1
CESM1−CAM5 r2i1p1
CESM1−CAM5 r3i1p1
CESM1−WACCM r2i1p1
GFDL−CM3 r1i1p1
GFDL−ESM2G r1i1p1
GFDL−ESM2M r1i1p1
HadGEM2−CC r1i1p1
HadGEM2−CC r2i1p1
HadGEM2−CC r3i1p1
HadGEM2−ES r1i1p1
HadGEM2−ES r2i1p1
HadGEM2−ES r3i1p1
HadGEM2−ES r4i1p1
INM−CM4 r1i1p1
IPSL−CM5A−LR r1i1p1
IPSL−CM5A−LR r2i1p1
IPSL−CM5A−LR r3i1p1
IPSL−CM5A−LR r4i1p1
IPSL−CM5A−MR r1i1p1
IPSL−CM5B−LR r1i1p1
MIROC5 r1i1p1
MIROC5 r2i1p1
MIROC5 r3i1p1
MIROC−ESM−CHEM r1i1p1
MIROC−ESM r1i1p1
MPI−ESM−LR r1i1p1
MPI−ESM−LR r2i1p1
MPI−ESM−LR r3i1p1
MPI−ESM−MR r1i1p1
NorESM1−ME r1i1p1
NorESM1−M r1i1p1

(Hoffman et al., in prep.)



Clustering MODIS NDVI into Phenoregions

I Hoffman and Hargrove previously used k-means clustering to
detect brine scars from hyperspectral data (Hoffman, 2004)
and to classify phenologies from monthly climatology and 17
years of 8 km NDVI from AVHRR (White et al., 2005).

I This data mining approach, using high performance
computing, was applied to the entire body of the high
resolution MODIS NDVI record for the continental U.S.

I >80B NDVI values, consisting of ∼146.4M cells for the
CONUS at 250 m resolution with 46 maps per year for
12 years (2000–2011), analyzed using k-means clustering.

I The annual traces of NDVI for every year and map cell are
combined into one 323 GB single-precision binary data set of
46-dimensional observation vectors.

I Clustering yields 12 maps in which each cell is classified into
one of k phenoclasses, and phenoregions form representative
prototype annual NDVI traces.



50 Phenoregions for year 2011 (Random Colors)



50 Phenoregion Prototypes (Random Colors)
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50 Phenoregions Persistence (Random Colors)



50 Phenoregions Mode (Random Colors)



50 Phenoregions Max Mode (Random Colors)



50 Phenoregions Max Mode (Similarity Colors)



50 Phenoregions Max Mode (Similarity Colors Legend)
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Phenoregions Clearinghouse
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