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Abstract: The authors' previous study found an interannual
covariability between actual evapotranspiration (ET) and the
Normalized Difference Vegetation Index (NDVI) over
northern Asia. This result suggested that vegetation con-
trols interannual variation in ET. In this prior study, NDVI
data from the Pathfinder AVHRR Land (PAL) dataset were
analyzed. However, studies of NDVI interannual change
are subject to uncertainty, because NDVI data often contain

errors associated with sensor- and atmosphere-related effects.

This study is aimed toward reducing this uncertainty by
employing NDVI dataset, from the Global Inventory Moni-
toring and Modeling Studies (GIMMS) group, in addition to
PAL. The analysis was carried out for the northern Asia
region from 1982 to 2000.

19-year interannual change in PAL-NDVI and
GIMMS-NDVI were both compared with interannual change
in model-assimilated ET. Although the correlation
coefficient between GIMMS-NDVI and ET is slightly less
than for PAL-NDVI and ET, for both NDVI datasets the
annual maximum correlation with ET occurs in June, which
is near the central period of the growing season. A
significant positive correlation between GIMMS-NDVI and
ET was observed over most of the vegetated land area in
June as well as PAL-NDVI and ET. These results reinforce
the authors' prior research that indicates the control of
interannual change in ET is dominated by interannual
change in vegetation activity.
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1. Introduction

Vegetation over an extensive area influences actual
evapotranspiration (ET) from the land to the atmos-
phere mainly through transpiration activity. The au-
thors' previous study [8] found an interannual covari-
ability between ET and the Normalized Difference
Vegetation Index (NDVI), a remotely-sensed measure
of vegetation greenness, over a continental-scale land
surface. This result suggested that vegetation con-
trols interannual variation in ET, and therefore vegeta-
tion change must be considered to predict future cli-
mate. In this prior study, NDVI data from the Path-
finder AVHRR Land (PAL) dataset were analyzed.

However, studies of NDVI interannual change are
subject to uncertainty, because NDVI data often con-
tain errors associated with sensor- and atmos-
phere-related effects. This study is aimed toward
reducing this uncertainty by employing a second major
NDVI dataset, from the Global Inventory Monitoring
and Modeling Studies (GIMMS) group, in addition to
PAL. GIMMS-NDVI data were produced with a
calibration method that differs from the one employed
for PAL-NDVI data. An intercomparison of the
PAL-NDVI and GIMMS-NDVI datasets provide an
effective basis for further analysis of the covariability
of NDVI and ET interannual changes.

2. Data and Method

The NDVI is defined as NDVI = (Ch2 — Ch1)/(Ch2 +
Chl), where Chl and Ch2 are measurements from
Advanced Very High Resolution Radiometer
(AVHRR) channels 1 (visible) and 2 (near-infrared) of
NOAA satellite, respectively. Analyses were con-
ducted on the monthly basis from 1982 to 2000 over
northern Asia (30°E - 150°E, 30°N - 75°N).

1) PAL NDVI1

The NDVI value from 10-daily PAL dataset (1 x
1-degree spatial resolution) was examined. The
monthly value was composited by choosing the high-
est NDVI among three 10-day datasets for each month.
This process effectively removed cloud-contaminated
observations. The 1 x 1-degree value was resampled
into 2.5 x 2.5-degree grid system to link with the ET
grid system.

The PAL data are adjusted for errors due to
non-vegetative factors such as satellite orbit drift,
sensor degradation, and ozone concentration and rep-
resent interannual variation in vegetation well. At-
mospheric Rayleigh scattering and ozone absorption
were corrected.  Scan angle criteria is within +/— 42
degrees of nadir. The influence due to sensor degra-
dation and orbital drift were adjusted according to the



empirical formula [6, 7]. Intercalibration with
NOAA-9 and other NOAA was also conducted.

2) GIMMS NDVI

The NDVI value from 15-daily GIMMS dataset (8 x 8
km spatial resolution) {4, 5, 9] were examined to be
compared with PAL-NDVI. First, the original 8km
pixel value was resampled into 1 x 1-degree grid sys-
tem. Then, monthly data were composited by
choosing the higher NDVI between two 15-daily data-
sets for each month. The I x l-degree value was
resampled into 2.5 x 2.5-degree grid system.

The GIMMS data are also adjusted for
non-vegetative factors and represent interannual varia-
tion in vegetation well. The effects by stratospheric
aerosol due to El Chichon and Mt. Pinatubo volcanic
eruptions were adjusted. No correction for strato-
spheric ozone, Rayleigh scattering, and water vapor
was considered. Cloud was screened according to
273°K of the brightness temperature of ChS. Scan
angle criteria is within +/— 40 degrees of nadir. Cali-
bration for sensor degradation was executed based on
an algorithm different from PAL [10, 2], and the desert
correction. For the calibration of the orbital drift,
Pinzon’s [5] scheme was applied. Intercalibration
with MODIS and SPOT/ VEGETATION was also
conducted.

3) Evapotranspiration

Evapotranspiration from the land surface can be esti-
mated from the atmospheric water budget [3]. ET from
the bottom (i.e., land surface) of an air column, which
vertically extends from the ground surface to the top
of the atmosphere, can be expressed by the following
atmospheric water budget equation:

B oW
ET =P + Y +VH-§

where 1 is the time, P is the precipitation at the bottom,
W is the precipitable water in the air column, and
\Y% P is the horizontal flux divergence of water
vapor integrated from the surface to the top of the at-
mosphere (so called aerial runoff).

This study assumed air columns above the 2.5 x
2.5-degree grid cells and computed each term for each
grid cell. The CPC Merged Analysis of Precipitation
(CMAP) dataset was used to determige monthly pre-
cipitation P [11]. The terms V, -Q are computed
from specific humidity and wind values. In the pre-
sent study, these meteorological values were obtained
from gridded 6-hourly atmospheric data (NCEP Re-
analysis-2) provided by the National Centers for En-
vironmental Prediction (NCEP) [1].

Monthly V,, -Q from 1982 to 2000 for each

grid cell (192 x 94) of the reanalysis model was esti-
mated by integrating the flux divergence from the
ground to O hPa (all 28 layers of the model). The
estimated values were interpolated onto the same 2.5 x
2.5-degree grid as the CMAP data. The monthly
oW /9t was calculated from the precipitable water
difference between the beginning and end of each
month.

3. Result and Discussion

1) Comparison of Geographical Distribution
The geographical distributions of PAL-NDVI and
GIMMS-NDVI data values were compared and those
in June are presented in Fig. 1. The NDVI distribu-
tions were essentially similar, showing high value over
the boreal forest zone and low value over arid or low
temperature regions such as deserts and tundra.

The absolute value of GIMMS-NDVI is generally
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Fig. 1. Mean NDVI distribution in June averaged from
1982 to 2000. Top: PAL-NDVI, Mid: GIMMS-NDVI,
Bottom: NDVI difference between PAL and GIMMS
(PAL - GIMMS).
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Fig.2. Mean temporal change of PAL-NDVI (open circle), GIMMS-NDVI (closed circle), and their difference (PAL - |

GIMMS) (cross) from 1990 to 2000 .
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Table 1 Correlation coefficients of the PAL-NDVI and ET, GIMMS-NDVI and ET interannual changes from 1982 to
2000 for the three study regions; (a) Western Siberia (50"E -~ 90°E, 55°N - 65°N), (b) Eastern Siberia (80°E — 130°E, 65"N

- 70°N), and (c) Kazakh (50°E - 60°E, 45°N - 55°N).

Jan Feb Mar | Apr May | Jun | Jul Aug | Sep | Oct | Nov Dec

Western PAL -0.02 | -0.27 1 0.36 | 0.38 049 1073 [0.19 | 046 | 041 | 0.20 | -0.51 | 0.00

Siberia GIMMS -0.04 | 0.09 0.19 | 0.35 053 | 0.66 | 0.61 | 052 | 034 | 0.09 | -0.11 [ 0.19
Eastern PAL - 0.03 022 1-0.17 ]035 ] 067 | 021 |0.01 J]044 ] 044 | - -

Siberia GIMMS -0.11 ] 0.21 025 | -048 [ 033 [ 071 [ 040 | 0.14 | 0.15 | 0.02 | 0.15 0.18

Kazakh PAL -0.16 | 0.08 0.11 1020 [061 | 066 [0.58 |038 1039 |045 [-0.12 |0.28

GIMMS -0.15 | 0.29 0.17 | 0.02 055 | 0.64 | 050 |]032 020 | 033 [ 0.09 0.08

higher than PAL-NDVI Especially, GIMMS- month. Annually, the highest correlation was found

NDVIs over northernmost area and local areas around
Himalayas are much higher than PAL-NDVI as shown
in Fig. 1. Although no picture is indicated, the
PAL-NDVI inversely exhibits higher values than
GIMMS-NDVI in the boreal forest zone singularly in
October. It is considered that the data process of PAL
or GIMMS in October is considerably different from
other months.

2) Comparison of Temporal Variation

Fig. 2 demonstrates the time series of mean
PAL-NDVI, GIMMS-NDVI and their difference from
1990 to 2000. Those variations are similar. Both
NDVIs indicate striking seasonal change, that is, small
value in winter and high value in summer, reflecting
the vegetation phenology in the area. However
GIMMS-NDVI indicates higher value than that of
PAL-GIMMS throughout the year as known from the
negative difference (PAL — GIMMS) value in Fig.2.
Their difference tends to be small in autumn which is
related to the larger PAL-NDVI than GIMMS-NDVI
in October over boreal forest zone as aforementioned.

3) Interannual Changes of NDVIs and ET

Table 1 shows the correlation coefficients between
19-year interannual changes of mean PAL-NDVI and
ET anomalies, and mean GIMMS-NDVI and ET
anomalies in three representative regions for each

in June in all three regions in both cases of PAL and
GIMMS. Western Siberia has the highest coefficient
(0.73) for PAL-NDVI in June, while the highest coef-
ficient of GIMMS-NDVI is found in Eastern Siberia
(0.71) in June. Since June is the most active season
of vegetation, the highest correlation between NDVIs
and ET is attributed to the greatest contribution of the
vegetation transpiration to total ET in June. The fact
that the highest coefficient occurs in June in both cases
10
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Fig.3. Interannual variation of the PAL-NDVI (open

circle), GIMMS-NDVI (closed circle) and ET (dia-

mond) anomalies averaged in the three selected re-

gions. (see the caption of Table 1 for the longitude and

latitude for these three regions).
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Fig.4. Distribution of the correlation coefficients between
interannual changes of NDVI (upper: PAL-NDVI, lower:
GIMMS-NDVI) and ET anomalies in June from 1982 to
2000. Areas with negative coefficient are shaded gray.

of PAL-NDVI and GIMMS-NDVI surely delineates
the close interannual relationship between vegetation
and ET.

19-year interannual changes (monthly anomalies)
in the PAL-NDVI, GIMMS-NDVI, and ET in June,
the month with the highest coefficient, over the three
regions were indicated in Fig. 3. Very similar inter-
annual changes among three parameters can be seen in
each region. This result indicates that both
PAL-NDVI and GIMMS-NDVI display similar inter-
annual variation to ET for active growing season
months.

Fig. 4 exhibits the geographical distribution of the
correlation coefficient between 19-year interannual
changes of PAL-NDVI and ET anomalies (upper) and
GIMMS-NDVI and ET anolmaies (lower) in June.
There are positive correlation coefficients over most
regions of two maps, suggesting that interannual ET
variation for most areas in Asia is affected by changes
in vegetation. In arid and high altitude areas, small
correlation coefficients (sometimes negative) are seen
due to the very low NDVI in such areas in both cases
of PAL and GIMMS.

4. Conclusion

PAL-NDVI and GIMMS-NDVI were both compared
with interannual change in model-assimilated ET.
Although the correlation coefficient between
GIMMS-NDVI and ET is slightly less than for
PAL-NDVI and ET. for both NDVI datasets the annual

maximum correlation with ET occurs in June, which is
near the central period of the growing season. A
positive correlation between GIMMS-NDVI and ET
was observed over most of the vegetated land area in
June, and a similar result was obtained with
PAL-NDVI. These results reinforce the authors' prior
research that indicates the control of interannual
change in ET is dominated by interannual change in
vegetation activity.
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