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The overall goal of this project is to better understand how water use by crop type responds to drought conditions and to use this knowledge to support adaptive management in the agricultural sector and foster sustainable water use in an era of climate uncertainty and change. One of the objectives of the project is to accurately identify different agricultural crop types in two wet years – 2001 & 2010 and two drought years – 2000 & 2002, using time series Landsat imagery.

Dr. Zheng, Post-Doc Researcher of the NOAA funded project, has completed cop type and cropping pattern mapping for 2001, 2002, 2005, and 2010. She has processed approximately 100 scenes of cloud-free Landsat images, converting the data into surface reflectance using Landsat Ecosystem Disturbance Adaptive Processing System (LEDAPS) for the Phoenix Active Management Area (PHX AMA).

We submitted a manuscript that reports the potential of utilizing multi-temporal Landsat imagery to systematically monitor crop types and cropping patterns over time in arid and semi-arid regions to International Journal of Applied Earth Observation and Geoinformation in 2014. We tested the capability of support vector machines (SVMs) to discriminate nine major crop types in a complex cropping sys-tem using limited number of training samples and time-series Landsat imagery. While a sequence of images collected from April to October can only capture a portion of the cropping practices, a temporal coverage of Landsat imagery from January to December is necessary for accurate crop classification for our study area, where crops are grown year round. Our results showed that the SVM hyper planes generated from the small intelligently selected training samples generalized well to the rest of the data with overall classification accuracy of 90% for the nine major crop types. The producer’s and user’s accuracies varied between 57 and 100% for the nine crops. Greatest difficulty was in separating wheat from barley since both have similar erectophile structure as well as phenological growth phases. When ground reference data is limited, knowledge of local farming practices is particularly important for identifying informative training samples to achieve better classification accuracy. We provided the information on crop calendar and crop spectral-temporal profiles to assist the selection of informative training sets to distinguish different crop types for this region. Abundant numbers of cloud-free Landsat imagery in drylands, deserts, and desertified areas in semi-arid, arid, and any dry climate regions provide multiple opportunities for monitoring croplands systematically using Landsat imagery alone. The manuscript was published in early 2015.


1. Zheng, B., S.W. Myint, P.S. Thenkabail, and R. Aggarwal, 2015. A support vector machine to identify irrigated crop types using time-series Landsat NDVI data, International Journal of Applied Earth Observation and Geoinformation, 34 (2015):103-112.


We also submitted another manuscript that reports an adaptive threshold approach to detect changes in cropping patterns using sequential Landsat imagery in 2014. This manuscript was submitted to the International Journal of Remote Sensing. Time-series remote sensing images permit us to map cropping intensity with the aid of pixel-based vegetation phenology. The adaptive threshold approach proposed in the study was evidenced to be effective with overall accuracies greater than 97%. Specialized procedures were implemented to handle the spectral profiles of alfalfa/other hay and inter-year crops, two common crop types in our study area. This approach overcomes a number of limitations of other peak detection algorithms: it can be used to distinguish real crop cycles from false phenological peaks; it demonstrated its capability of identifying cropping patterns with relatively small number of observations in a time series. Our results indicate substantial decreases in agricultural lands from 1995 to 2010, featured by a major decline in the area of total croplands, single crops, and double crops. The conversion from agriculture to urban land use primarily occurs at the boundaries of agricultural lands and urban fringes. There was a small land conversion from single to double crop from 1995 to 2000, followed by a reverse conversion from 2005 to 2010. There is a declining pattern in the total croplands for most irrigation districts in this region, whereas some districts experience fewer changes in their croplands due to ample irrigation water availability or fewer land conversions. Irrigation water availability is a crucial factor that affects cropping patterns and other agricultural activities. It is even critical for desert regions such as the Phoenix AMA where precipitation is sparse. Accurate and updated knowledge on the spatial pattern of irrigated crops and its changes over time has profound implications for sustainable agricultural water management. This manuscript was also published in early 2015.


2. Fan, C., B. Zheng, S.W. Myint, and R. Aggarwal, 2014. Characterizing changes in cropping patterns using sequential Landsat imagery: An adaptive threshold approach and application to Phoenix, Arizona, International Journal of Remote Sensing, 35 (20):7263-7278.


We determined evapotranspiration (ET) or water demand by crop type for the selected years using satellite-based SEBAL/MATIRC. We propose to apply the METRIC (Mapping EvapoTranspiration at high spatial Resolution with Internalized Calibration) algorithm with Landsat satellite data to map regional distributions of ET. METRIC has attractive features for retrieval of ET distributions over heterogeneous field sites as: (1) it consists of physically based image analysis algorithms; (2) the need for atmospheric correction of short wave and thermal information in images is reduced via the CIMEC calibration; (3) METRIC includes terrain models for solar and thermal radiation calculation; and (4) it has been used successfully with Landsat images at spatial scales of 30 m. We completed 365 ET layers per year for 2001 (wet year), 2002 (dry year), 2005 (wet year), and 2010 (dry year) in 2014.

Since Dr. Baojuan Zheng got a job offer at another University in December 2014, a PhD student (Carter Wang) in the School of School of Geographical Science and Urban Planning at Arizona State University has been employed as a Graduate Research Assistant (GRA) to continue working on the analysis of crop water demand in response to drought. Carter is one of the very top Ph.D. students in the school. He is an exceptional student who knows how to effectively and efficiently handle image processing, spatial analysis, spatial statistics, and spatial modeling approaches.

We integrated each crop layer and 365 ET layers per year to determine water use by crop type, irrigation district, and year. We computed average water use per year in each district. We performed an ANOVA significance test to examine if water use by crop type, irrigation district, and year are statistically significant. 

We would like to report some key results and findings below.
1. Almost all crop types use more water in dry year. 
2. Water use varies by irrigation districts regardless of crop types.
3. Alfalfa uses the highest amount of water followed by double crops. Alfalfa uses twice as much water as some crops do (i.e., Wheat, Corn, Barley).
4. Barley uses the lowest amount of water (approximately 3 times lower than Alfalfa).
5. Cotton is the only crop type that uses more water in wet year.
6. Double crop uses less water than growing same two crops in two different years.
7. The effect of agricultural water use by crop type is statistically significant implying that different crop types use different level of water.
8. The effect of agricultural water use by irrigation district is statistically significant implying that crop water use depends on irrigation districts.
9. The effect of agricultural water use in dry year and wet year is statistically significant implying that water use in dry year is different from wet year.

Here are some crop water use figures. We decided not to add the Excel tables since there are many of them and some tables are too long.
[image: ]

[image: ]

[image: ]

[image: ]


[image: ]

[image: ]


[image: ]
[image: ]




Here are some ANOVA results. 

Table 1. ANOVA test results for the main effects of crop type, irrigation district, and year, and three two-way interactions that are between crop type and irrigation district, between crop type and year, and between irrigation district and year. Results show that all the main effects and two-way interaction terms are statistically significant. We therefore fail to reject H0 and conclude that there is a significant difference between dry and wet years water use.

[image: ]


Note: This analysis was performed using dry (2002) and wet (average of 2001 and 2005) years data only (there is a little uncertainty in determining whether 2010 as a dry year).



Table 2. ANOVA test results for the main effects of crop type, irrigation district, and year, and three two-way interactions that are between crop type and irrigation district, between crop type and year, and between irrigation district and year. Results show that all the main effects and two-way interaction terms are statistically significant. We therefore fail to reject H0 and conclude that there is a significant difference between dry and wet years water use.

[image: ]


Note: This analysis was performed using water use data from all four years (2001, 2002, 2005 and 2010).

A paper that reports the results and findings reported above have been under preparation for a peer review journal. Since the key results of the entire project were generated earlier Dr. Rimjhim Aggarwal (Co-PI) has been in the process of integrating water use by crop type, irrigation districts, and years and economic parameters to estimate the economic impacts of drought at both farm and the watershed level and assess economic cost-benefits of alternative adaptation strategies under different drought scenarios using crop budget analysis. Similarly using the results and findings from the above Dr. Elizabeth Wentz (Co-PI) and her GRA have been developing a simple spatial decision support system that is a user friendly for farmers. Since all the required results and findings are available for all crop types by irrigation districts and year and an earlier example decision system presented at the first workshop on October 1, 2013, we will be able to launch the spatial decision system in summer 2015.
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                   Total    17190996.5    97  177226.769   

                                                                              

                Residual    47811.4219    30  1593.71406   

                          

           district#year    55235.8885    12  4602.99071       2.89     0.0091

          crop_type#year    170129.453     6  28354.9089      17.79     0.0000

      crop_type#district    521475.281    30  17382.5094      10.91     0.0000

                    year    45219.8937     1  45219.8937      28.37     0.0000

                district    1058549.38    12  88212.4482      55.35     0.0000

               crop_type    13644609.8     6  2274101.64    1426.92     0.0000

                          

                   Model    17143185.1    67  255868.435     160.55     0.0000

                                                                              

                  Source    Partial SS    df       MS           F     Prob > F

                           Root MSE      = 39.9213     Adj R-squared =  0.9910

                           Number of obs =      98     R-squared     =  0.9972
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                   Total    38770891.8   250  155083.567   

                                                                              

                Residual     815003.61   101  8069.34267   

                          

           district#year    530564.638    35  15158.9897       1.88     0.0079

          crop_type#year     941751.76    18  52319.5422       6.48     0.0000

      crop_type#district     1835500.7    74  24804.0636       3.07     0.0000

                    year    77740.4825     3  25913.4942       3.21     0.0262

                district    1806034.75    12  150502.896      18.65     0.0000

               crop_type    21101774.6     7  3014539.24     373.58     0.0000

                          

                   Model    37955888.2   149  254737.504      31.57     0.0000

                                                                              

                  Source    Partial SS    df       MS           F     Prob > F

                           Root MSE      = 89.8295     Adj R-squared =  0.9480

                           Number of obs =     251     R-squared     =  0.9790
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