
Wheat yield estimates using multi-temporal AVHRR-NDVI satellite imagery
by Mari Patricia Henry

A thesis submitted in partial fulfillment of the requirements for the degree of Master of Science in Land
Resources and Environmental Sciences
Montana State University
© Copyright by Mari Patricia Henry (1999)

Abstract:
Crop condition monitoring and early season yield estimates could provide information for assessing
crop stress, fertilizer demand, and productivity and assist in farm management decisions. I examined
the application of the Advanced Very High Resolution Radiometer (AVHRR) Normalized Difference
Vegetation Index (NDVI) for making crop yield estimates at regional, county, and farm levels in
Montana. Seasonal growth profiles were examined to determine if yield and/or protein concentration
could be accurately estimated prior to harvest.

Results are presented for six regions, thirty-nine counties, and five farms in Montana. Biweekly NDVI
values were extracted to produce yearly growth profiles representing April through mid-September for
the years 1989 through 1997. Wheat yield data were supplied from Montana Agricultural Statistics
Service and from cooperating farmers. Protein concentration - NDVI parameter relationships were
developed for four farm sites. NDVI values were integrated and summed in various ways across the
growth profile to find the best model for wheat yield estimation. Sixteen NDVI growth profile
parameters were computed at the region and county level whereas twenty-nine were computed at the
farm level. A multiple linear regression model was used to determine overall relationships between
NDVI parameters and yield or protein concentration.

. Regions, counties, and farms were included as indicator variables in the model, along with interaction
terms, when significant (p-value = 0.05).

Results show correlation between yield and several NDVI growth profile parameters at the region,
county, and farm level. Regions showed strong relationships between wheat yields and integrated
NDVI over the entire growing season (adj. R2 = 0.753, p = 0.0001) and with late season NDVI
parameters (summation period 7/6 - 8/30 adj. R2 = 0.686; summation through August adj. R2 = 0.745).
Counties exhibited similar, yet weaker relationships between wheat yield and NDVI parameters. Farms
revealed strong relationships between integrated NDVI over the entire growing season and. spring
wheat yields (adj. R2 = 0.628) that improved when adjusted to the apparent growing -season (AGS)
(adj. R2 = 0.688). Protein concentration was also strongly correlated with integrated NDVI when
adjusted for AGS (adj. R2 = 0.789). Early season NDVI parameters showed weak relationships with
spring wheat yields and percent protein content and thus, could not provide accurate yield and protein
concentration estimates.

Results indicate a need for region, county, and farm-specific calibration of NDVI growth profiles and
refinement of integration and summation periods to improve wheat yield and protein concentration
estimates. The use of AVHRR-NDVI growth profiles at the regional level provided the best yield
estimates. At the farm scale, the spatial resolution (1km^2) limited the certainty for accurate portrayal
of field locations. However, our models provide a basis for further examination of time-series NDVI
data with satellite/sensor systems with higher spatial and spectral resolution to be launched in the near
future. 
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