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5-Vegetation Index

6-Normalized Difference Vegetation Index
7-Water Deficit Index

8-Crop Water Stress Index

9- Soil Vegetation Atmosphere Transfer
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1- Ecosystem Health
2-Healthy Rangeland
3-Healthy Cropland
4-Stress Degree Index
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Figure 1- Khorasan Razavi province Digital Elevation Model (DEM), (Study area displayed by a square box in Figure)
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Figure 2- Soil moisture measurement site at Golmakan agricultureresearch center (2x2 square meter area)
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Introduction: Numerous studies have been undertaken based on satellite imagery in order to estimate soil
moisture using vegetation indices such as NDVI. Previous studies suffer from a restriction; these indices are not
able to estimate where the vegetative coverage is low or where no vegetation exists. Hence, it is essentia to
develop a model which can overcome this restriction. Focus of this research is on estimation of soil moisture for
low or scattered vegetative land covers. Trapezoidal temperature-vegetation (Ts~VI) model is able to consider
the status of soil moisture and vegetation condition. It can estimate plant water deficit for weak or no vegetation
land cover.

Materials and Methods: Moran proposed Water Deficit Index (WDI) for evaluating field evapotranspiration
rates and relative field water deficit for both full-cover and partially vegetated sites. The theoretical basis of this
method is based on the energy balance equation. Penman-Monteith equation of energy balance was used to
caculate the coordinates of the four vertices of the temperature-vegetation trapezoid also for four different
extreme combinations of temperature and vegetation. For the (Ts—Ta)~Vc trapezoid, four vertices correspond to
1) well-watered full-cover vegetation, 2) water-stressed full-cover vegetation, 3) saturated bare soil, and 4) dry
bare soil. WDI is equal to O for well-watered conditions and equals to 1 for maximum stress conditions. As
suggested by Moran et al. to draw a trapezoidal shape, some field measurements are required such as wind speed
at the height of 2 meters, air pressure, mean daily temperature, vapor pressure-temperature curve slope,
Psychrometrics constant, vapor pressure at mean temperature, vapor pressure deficit, external radiation, solar
radiation of short wavelength, longwave radiation, net radiation, soil heat flux and air aerodynamic resistance is
included. Crop vegetation and canopy resistance should be measured or estimated. The study area is selected in
the Mashhad plain in Khorasan Razavi province of |.R. Iran. Study area is about 1,200 square kilometers and is
located around the Golmakan center of agricultural research. In this study, water deficit index (WDI) was zoning
by MODIS images in subset of Mashhad plain during water year of 2011-2012. Then, based on the close
relationship between WDI and soil moisture parameter, a linear relationship between these two parameters were
fitted. Soil moisture is measured by the TDR and every 7 days at 5 depths of 5, 10, 20, 30 and 50 cm from the
surface. Remote Sensing (RS) technology used as a tool for providing some of the data that is required. The
moderate resolution imaging spectroradiometer (MODIS) instrument is popular for monitoring soil moisture
because of its high spectral (36 bands) resolution, moderate spatial (250-1000 m) resolution and various
products for land surface properties. MODIS products used in the present study include: MODO09A1 land surface
albedo data, MOD11A1 land surface temperature data, and MOD13A1 vegetation data. Using ArcMap 9.2 and
ERDAS IMAGINE 2010 softwares, WDI was calculated pixel by pixel for 18 days (non-cloudy days and
simultaneous with measurement of soil moisture at the station).

Results and Discussion: The results showed that the northeastern region is predominantly rainfed and
irrigated farmlands are under water stress. Conversely, the southwestern part of the area is mountainous with less
water stress. Based on NDV|I, there is also less crop cover in the southwestern part of the region during the year.
The results showed that about 44% of the index values are in the range of 0.2-0.3. Then about 22% of the index
values are in the range of 0.3-0.4. Thus it can be concluded that over 66% of the index values are in the range of
0.2-0.4. According to the maximum index value (WDI=0.59 on the 201" day of year) and the minimum values
(WDI=0.0004 on the 129" day of year) during the time period of study, it seems that water stress in the study
areain the six-month period of observation is moderate. To validate the results, changes in precipitation, relative
humidity and WDI values were compared. As expected, after the occurrence of any significant rainfall, water
stress is decreased and decreasing in relative humidity, coincided with increase in water stress. In the next step,
the linear relationship between measured values of soil moisture and WDI values were fitted in 2 depth of 5 and
10 cm. It should be noted that the average values of WDI of four pixels surrounding the Golmakan station was
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used in calculation of the regression coefficients Similar research has shown that Ts~VI trapezoid based WDI
can accurately capture temporal variation in surface soil moisture, but the capability of detecting spatial variation
is poor for such a semi-arid region like Mashhad. The high correlation coefficient (93%) obtained from sail
moisture (5 cm) and WDI regression showed the good mutual impacts of these two parameters on each other.
The correlation coefficient between WDI index and soil moisture a a depth of 10 cm was equa to 83%.
Reducing the value of the correlation coefficient was probably due to the delay in transferring the soil moisture
changes to underlying depth.

Conclusion: The similarity of the mean values of rainfall and relative humidity of the air showed good
compliance with the WDI. Good correlation coefficient (93%) between WDI and soil moisture (measured at
depth of 5cm in the station) certifies the accuracy of the results obtained from WDI. The results showed that
Ts~VI trapezoid based WDI can well capture temporal variation in surface soil moisture, while in this study,
spatial zoning was avoided because of the lack of soil moisture data within the study area.
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