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Daily daytime Advanced Very High Resolution Radiometer (AVHRR) 4-km

global area coverage data have been processed to produce a Normalized

Difference Vegetation Index (NDVI) 8-km equal-area dataset from July 1981

through December 2004 for all continents except Antarctica. New features of this

dataset include bimonthly composites, NOAA-9 descending node data from

August 1994 to January 1995, volcanic stratospheric aerosol correction for 1982–

1984 and 1991–1993, NDVI normalization using empirical mode decomposition/

reconstruction to minimize varying solar zenith angle effects introduced by

orbital drift, inclusion of data from NOAA-16 for 2000–2003 and NOAA-17 for

2003–2004, and a similar dynamic range with the MODIS NDVI. Two NDVI

compositing intervals have been produced: a bimonthly global dataset and a 10-

day Africa-only dataset. Post-processing review corrected the majority of

dropped scan lines, navigation errors, data drop outs, edge-of-orbit composite

discontinuities, and other artefacts in the composite NDVI data. All data are

available from the University of Maryland Global Land Cover Facility (http://

glcf.umiacs.umd.edu/data/gimms/).

1. Introduction

New improved coarse-resolution global land surface satellite sensor data are

available from SPOT-4’s Vegetation instrument (May 1998 to present) and NASA’s

Moderate Resolution Imaging Spectrometers (MODIS) on the Terra and Aqua

platforms (January 2000 to present and December 2002 to present, respectively)

(table 1). Although significant improvements have been made with new global land

vegetation-sensing instruments, the existing July 1981 to the present 4-km archive of

data from the Advanced Very High Resolution Radiometer (AVHRR) instrument is

an invaluable and irreplaceable archive of historical land surface information. This

archive of global 4-km AVHRR data results from six different AVHRR instruments

on six different NOAA polar-orbiting meteorological satellites (Cracknell 1997,

Kidwell 1997). If the 1981–2004 record of AVHRR data could be processed in a

consistent and quantitatively comparable manner with the new generation of

sensors mentioned above, the global land surface satellite climate data record
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Table 1. Global coarse-resolution satellite spectral vegetation index datasets. Data from these satellites can be used to study the photosynthetic capacity of
vegetation from space. The Sea-viewing Wide Field-of-view Sensor (SeaWiFS) data are also included because these data are also available globally for the

SeaWiFS era.

Instrument Dates of coverage
Spatial

resolution (nadir)
No. of

spectral bands
Global data volume

(gb/day)
References,
comments

NOAA AVHRR Cracknell (1997), Kidwell (1997)
NOAA-7 Jul. 1981–Feb. 1985 4 km 5 0.6
NOAA-9 Feb. 1985–Sep. 1988 4 km 5 0.6
NOAA-11 Sep. 1988–Aug. 1994 4 km 5 0.6 No data after September 1994
NOAA-9-d Aug. 1994–Jan. 1995 4 km 5 0.6 Descending node 09:00 data
NOAA-14 Jan. 1995–Nov. 2000 4 km 5 0.6
NOAA-16 Nov. 2000 to present 4 km 5 0.6
SeaWiFS Sep. 1997 to present 4 km 8 0.4 Hooker et al. (1992)
SPOT-4 Vegetation May 1998 to present 1 km 4 5 Saint (1995)
MODIS Jan. 2000 to present 250–1000 m 32 76/instrument Justice et al. (1998)
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acquires an additional <19 years to complement the 6 + years of data presently in

hand from the improved sensors listed in table 1.

2. Spectral vegetation indices

Spectral vegetation indices are usually composed of red and near-infrared radiances

or reflectances (Tucker 1979), sometimes with additional channels included, and are

one of the most widely used remote sensing measurements (Cracknell 2001). They

are highly correlated with the photosynthetically active biomass, chlorophyll

abundance, and energy absorption (reviewed in Myneni et al. 1995). The use of

spectral vegetation indices derived from AVHRR satellite data followed the launch

of NOAA-6 in June 1979 and NOAA-7 in July 1981 (Gray and McCrary 1981,

Schneider et al. 1981, Townshend and Tucker 1981). The AVHRR instruments on

NOAA-6 and NOAA-7 were the first in the TIROS-N series of satellites to have

non-overlapping channel 1 and channel 2 spectral bands. Overlapping red and near-

infrared spectral bands precludes calculating a NDVI. The NDVI is calculated as

NDVI5(channel 22channel 1)/(channel 2 + channel 1).

The Normalized Difference Vegetation Index (NDVI) has become the most used

product derived from NOAA AVHRR data (Cracknell 2001), largely from the use

of NDVI datasets formed via maximum value compositing (Holben 1986). AVHRR

NDVI data have been used extensively since 1981 to study a variety of global land

processes (reviewed in Townshend 1994, D’Souza et al. 1996, Cracknell 1997, and

Defries and Belward 2000, among others). This was never anticipated by the

designers of the AVHRR instruments who had no idea what a vegetation index was.

Vegetation indices from SPOT Vegetation and from the MODIS instruments

represent improved measurements of surface vegetation conditions, spatially,

spectrally, and radiometrically. The spectral bandwidth differences are apparent

in figure 1, where the first two AVHRR channels span considerable spectral

intervals compared to the other instruments in this figure. This complicates ex post

facto absolute calibration of the AVHRR reflective channels and makes atmo-

spheric correction more difficult (Tanre et al. 1992) because spectral response within

a channel can change over time.

Previous AVHRR-derived global land surface NDVI data include the NOAA

Global Vegetation Index (GVI) (Tarpley et al. 1984), the NASA Pathfinder 8-km

dataset (James and Kalluri 1994), and a dataset produced by the European Space

Agency at the Joint Research Center in Italy (Malingreau and Belward 1994).

Tucker et al. (1994) and Los et al. (1994) described early AVHRR NDVI

datasets produced at NASA/Goddard Space Flight Center. AVHRR 1-km land

surface datasets were produced for a limited time by Eidenshink and Faundeen

(1994). We now describe a new AVHRR NDVI dataset available to the research

community.

3. Data processing

Satellite sensor data in NOAA level-1b format (Kidwell 1997) were ingested, all data

with scan angles ,¡40u from nadir were forward mapped to the output bin closest

to the centre location of each 8 km equal area grid cell, respective calibration values

were applied, and the maximum NDVI retained for each compositing period.

We used a similar navigation procedure to Saleous et al. (2000), which in turn is

based upon the work of Baldwin and Emery (1995). The orbital model predicts the

An extended AVHRR 8-km dataset 4487



position of the satellite at any time, using the satellite on-board clock and orbital

elements to determine the predicted position. From this perspective, the sun–target–

sensor geometry is determined. The NOAA satellites’ velocity with respect to the

Earth’s surface is <7 km s21 and the output bin size employed was 8 km. This

translates into a timing error of ,¡1.0 s to achieve a navigation accuracy of ,¡1

pixel. The majority of the navigation errors were due to errors of the spacecraft

clock.

Maximum value NDVI composites (Holben 1986) were formed globally

by continent with a bimonthly time step and for Africa only with a 10-day

time step. Data were formed into the bimonthly composite images, from the

first day of the month through the 15th day and from day 16 to the end of

each month for all continents. The Africa subset of the data was also formed

into NDVI composite images, from the first day of the month to the 10th day,

from the 11th day to the 20th, and from the 21st day to the end of the month,

respectively.

Every composite image was manually checked for navigation accuracy by

comparing the mapped data to a reference coastline for every continent. Images with

.¡1 pixel navigation error were investigated and the day(s) of the navigation error

identified. These days were reprocessed separately, manually registered to the

reference data, and a new composite image reconstructed by maximum value NDVI

compositing. In some cases it was necessary to discard data from specific days, as

the navigation errors were impossible to adjust. We also scrutinized every composite

image for data drop outs, bad scan lines, and other strange values in the data and

corrected the majority of these problems.

With the failure of NOAA-13 to achieve orbit in 1992, NOAA-11 continued to

provide global afternoon/early morning AVHRR data. By 1994, the afternoon

Figure 1. Spectral acceptance of the AVHRR instruments in comparison to SPOT
Vegetation (VGT), SeaWiFS, and the MODIS visible and near-infrared bands. The darker
spectral acceptance bands are those bands used to calculate NDVIs. Differences in spectral
bandwidth and spectral acceptance functions will result in identical surface reflectances
producing different NDVIs. See also table 1.
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equatorial overpass time for NOAA-11 was <17:00 hours. We began using NOAA-

9 descending node AVHRR data for our global NDVI dataset in August 1994, and

continued using these data until NOAA-14 became operational in late January 1995.

NOAA-9 had a daytime descending node equatorial crossing time of <09:00 hours

in mid-1994 to early 1995. It had ‘rocked around the clock’, with a <3 min month21

later time procession from its original night-time descending node equatorial

crossing time of 02:30 hours.

There is a difference between the Pathfinder AVHRR Land (PAL) and GVI

datasets and the NDVI dataset described herein: we use NOAA-9 AVHRR data

from October 1994 into January 1995 when there were no NOAA-11 AVHRR data

(it had failed), and use NOAA-9 AVHRR data in August and September 1994 when

the PAL and GVI datasets use NOAA-11 data.

4. Radiometric calibration

Satellite determination of long-term NDVI surface trends requires precision within

and among various space-borne instruments. It is also crucial to document the

within- and among-sensor calibration uncertainty to determine the accuracy with

which surface trends over time can be ascertained. The NDVI data we describe were

processed in two ways: (1) NOAA-7 through NOAA-14 channel 1 and 2 data were

processed using the Vermote and Kaufman (1995) channel 1 and channel 2

calibration and the NDVI formed. The resulting NDVI fields were further adjusted

using the technique of Los (1998), then decomposed and reconstructed using

empirical mode decomposition to correct for solar zenith angle effects (Pinzon et al.

2004); and (2) data from NOAA-16 and NOAA-17 were processed using the

preflight channel 1 and channel 2 calibration values and formed into maximum

value composites. An empirical mode decomposition and reconstruction was

performed that ensures a zero slope with respect to time in desert areas and was also

used to correct solar zenith angle artefacts. The NOAA-16 and -17 NDVI time series

were next adjusted by a constant offset to match up with a coincident-in-time and

spatially aggregated 8-km SPOT Vegetation NDVI time series, which had previously

been adjusted to match up with the corresponding coincident-in-time NOAA-14

NDVI time series. We thus used overlapping SPOT Vegetation NDVI time series as

the means to intercalibrate or tie together the NOAA-14 and NOAA-16 and -17

NDVI time series (Pinzon et al. 2004). This was necessary because the bi-linear gain

for channel 1 and channel 2 of NOAA-16’s and -17’s AVHRR instruments

complicate ex post facto calibration.

5. Atmospheric correction and cloud screening

We chose to produce a maximum value NDVI composite dataset without any

atmospheric correction except during the El Chichon and Mt Pinatubo volcanic

stratospheric aerosol periods. A stratospheric aerosol correction was applied as

proposed by Vermote et al. (1997) from April 1982 through December 1984 and

from June 1991 through December 1993. We formed composite stratospheric

aerosol optical depth fields by combining the work of Sato et al. (1993), Hansen

et al. (1995) and Vermote et al. (1997). Rosen et al. (1994), Russel et al. (1993) and

Dutton et al. (1994) were used to compare specific optical depth measurements to

our blended global fields. We produced optical depth fields that varied by month

and degree of latitude (figure 2).
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Figure 2. Stratospheric aerosol optical depth from 1982 to 1984 and 1991 to 1993. These
two aerosol events were caused by the volcanic eruptions of El Chichon in 1982 and Mt
Pinatubo in 1991. These data were used to correct AVHRR channel 1 and channel 2 data for
the 1982–1984 and 1991–1993 periods, respectively (Vermote et al. 1997).
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Cloud screening was provided by a channel 5 thermal mask of 0uC for all

continents except Africa, where a cloud mask of 10uC was used.

Maximum value compositing was used to simultaneously minimize atmospheric

and directional reflectance effects (Holben and Fraser 1984). The lack of

consistently accurate atmospheric water vapour fields globally in the earlier part

of the 1981–2004 AVHRR record prevented us from applying explicit atmospheric

and directional reflectance corrections. We acknowledge this should be done and are

working to implement these corrections in our next reprocessing of the AVHRR

global data record.

6. Solar zenith angle correction

Orbital drift of the ‘afternoon’ NOAA satellites (Cracknell 1997) significantly

affects sun–target–sensor geometry and introduces associated NDVI errors that

vary with latitude, green leaf density, and vegetation structure (Kaufmann et al.

2000). We performed a solar zenith angle correction to the NDVI data using

the adaptive empirical mode decomposition method of Pinzon et al. (2005). The

empirical mode decomposition method accounts for local variation in solar

zenith angle and embedded nonlinear and non-stationary variations. We are

able to account for <90% of the solar zenith angle affect upon the NDVI at all

latitudes, remove these effects from the NDVI data, and reconstruct the NDVI data

without the solar zenith angle variation. Our solar zenith angle corrections were

greatest in the tropics for tropical forests, moderate in the tropics for less densely

vegetated areas, and lowest at higher northern and lower southern latitudes

(figure 3).

7. Assessment of NDVI data quality

We assessed the quality of our new AVHRR NDVI dataset by looking at a

variety of targets through time. We first compared our time series NDVI

observations with desert targets at different latitudes, desert targets not used in

the channel 1 and 2 calibration nor in the NDVI normalization procedure. We

found the NDVI versus time trends or slopes to be very close to zero, within and

among the different satellite periods, for all the deserts studied with no apparent

discontinuities (figure 4).

We also compared our dataset to the Pathfinder PAL and GVI datasets. The

Pathfinder AVHRR Land NDVI data (James and Kalluri 1994) and GVI data

(National Climate Data Center 2003) show more interannual variation and have a

different character, especially from 35uN to 35u S, than the new Global Inventory

Monitoring and Modelling Study (GIMMS) NDVI data (figure 5). These differences

are most pronounced from 1991 to 1994 as shown in figure 5(b). We explain these

differences as the GIMMS data have a stratospheric aerosol correction for the 1991–

1993 Mt Pinatubo volcanic period and use data from NOAA-9 in late 1994 rather

than data from NOAA-11. In addition, the PAL and GVI data have no data from

October 1994 to late January 1995, as NOAA-11’s AVHRR instrument had failed

during this time. In contrast, the AVHRR NDVI data described herein used

descending node <09:00 hours equatorial crossing time data from NOAA-9 from

August 1994 until late January 1995 when NOAA-16’s AVHRR instrument came

on line. It is only by comparison with well-documented ground data that the validity

of any satellite retrieval of surface conditions can be established.
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The challenge when making needed corrections to the multi-instrument AVHRR

NDVI continuum is to correct these data for variations in solar zenith angle,

atmospheric and directional effects, stratospheric aerosols, and within and among-

satellite channel 1 and 2 calibration variations without removing variation in the

data caused by changing surface conditions. Previous papers by Chilar et al. (1998)

and Gutman (1999) have questioned the non-surface uncertainty in AVHRR NDVI

data.

Chilar et al. (1998) used 1-km AVHRR data from Canada from 1993 to 1996 and

concluded the land surface D NDVI threshold of detection was 0.02–0.04 plus any

sensor calibration errors. Considering AVHRR NDVI calibration errors over the

AVHRR 1981–2004 record have been reported to be on the order of 0.02–0.04

(Vermote and Kaufman 1995), this implies the D NDVI threshold of detectability is

Figure 3. Solar zenith angles vs time for (a) NOAA-6 (07:30 and 19:30 hours local solar
overpass times) and the series of ‘afternoon’ NOAA satellites from 1981 to 2003 and (b)
NOAA-7 to NOAA-16 for 52.7uN. Note the procession to later overpass times in each of the
afternoon satellite periods (Cracknell 1997). The very late times of NOAA-11 and NOAA-14
are comparable to the overpass time of NOAA-6 at 07:30 hours close to the equator.
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on the order of 0.04–0.08 NDVI units. However, Chilar et al. (1998) used AVHRR
data with large solar zenith angles in 1994 that biased their conclusions. At 53uN

latitude, the NOAA-11 data for June to August in 1994 were obtained under solar

zenith angles from 53u to 63u. In contrast, the 1995 and 1996 NOAA-14 AVHRR

data were obtained under solar zenith angles from 27u to 35u at 53uN latitude. Not

surprisingly, most of the variation reported by Chilar et al. (1998) arises from their

1994 AVHRR data used, data collected under very high solar zenith angles.

We question the conclusions of Gutman (1999) who used NOAA GVI NDVI data

that have introduced variability from a variety of sources including no scan angle
restriction and selecting weekly composites based upon the channel 2 – channel 1

maximum difference (Goward et al. 1993, 1994). Gutman (1999) further: (1)

assumed the Rao and Chen (1995) NOAA-9 AVHRR channel 1 and channel 2

calibrations were correct and these were used to adjust the channel 1 and channel 2

calibrations of NOAA-11 and NOAA-14; (2) assumed tropical forests have no inter-

annual variation in surface reflectance; (3) ignored the Mt Pinatubo stratospheric

aerosol effects in NOAA-11 data from 1991 to 1993; and (4) used NOAA-11 data

from late 1994 when the equatorial overpass times were <17:00 hours. All of these
factors contribute additional variation into the GVI dataset as shown in figure 5.

The AVHRR dataset we describe differs in several important ways to previous

AVHRR NDVI datasets (figure 5): we calibrated the NDVI independent of channel

1 and channel 2 absolute calibrations; we used empirical mode decomposition/

reconstruction on a pixel by pixel basis independent of land cover to minimize solar

zenith angle effects; we employed a stratospheric aerosol correction for 1982–1984

and 1991–1993; and we used descending node NOAA-9 AVHRR data in late 1994

and early 1995. We are presently working to reprocess the entire 1981–2005
AVHRR record to provide calibrated and corrected channels 1–5 and ancillary data

to the research community.

Figure 4. Time series NDVI data from the Arabian Desert (25uN, 40uE) and Taklamakan
Desert (40uN, 85uE). Note that the NDVI versus time slopes for the Arabian and
Taklamakan Deserts are very close to 0.00. Data from the 45u to 75uN global belt are plotted
for comparison.
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SPOT Vegetation NDVI data and MODIS NDVI data from the Terra and

Aqua platforms represent improvements in the ability to monitor land photo-

synthetic capacity. To complement these measurements back in time, we have

processed the AVHRR NDVI 1981–2004 historical record within the SPOT

Vegetation NDVI and MODIS NDVI dynamic range (figure 6). This enables the

many advantages of MODIS and SPOT Vegetation data to be used while retaining

historical information from areas of interest, albeit at a much reduced spatial

resolution.

Papers using the data we describe herein have reported stability of these data for

studying 1981–2003 interannual variation of global drought phenomena (Lotsch

et al. 2003), the effect of the 1991 Mt Pinatubo volcanic eruption upon global net

primary production (Angert et al. 2004), the interaction of higher-latitude warming

and drier summers (Angert et al. 2005), atmospheric circulation changes and

continental drought (Buermann et al. 2005), interannual variability of the NDVI

from Amazonia (Poveda and Salazar 2005), and the greening of arctic Alaska (Jia

et al. 2003). All global bimonthly composite data are available from the University

of Maryland’s Global Land Cover Facility (http://glcf.umiacs.umd.edu) and the

African 10-day NDVI data are available from the Africa Data Dissemination

Figure 5. A comparison of different AVHRR NDVI time series by latitude zones for the
1981–2003 time period: (a) 55u S to 35u S; (b) 35uS to 35uN; (c) 35uN to 55uN; and (d ) 55uN
to 75uN. The PAL NDVI curves were produced from the PAL dataset distributed by the
GSFC Distributed Active Archive Center (James and Kalluri 1994). The GVI curves were
produced from the NOAA Global Vegetation Index (National Climate Data Center 2003).
The other NDVI curves are derived from the GIMMS data we describe herein, one
uncorrected for solar zenith angle effects, and the other corrected for solar zenith angle
effects. Note the greater variations among these datasets closer to the equator than towards
the poles. See figure 3 for solar zenith angle variations and figure 4 for NDVI desert stability
of the new AVHRR global NDVI data we describe herein.
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Service website of US AIDS’ Famine Early Warning System (http://edcsnw4.

cr.usgs.gov/adds/).
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