Project Narrative


1. Introduction: Guiding Focus Areas, Motivation & Goals

This 2014 USDA Agriculture and Food Research Initiative (AFRI) proposal, within the Water for Agriculture Challenge Area, will address the following key focus areas as requested in the announcement of opportunity:

1) How can the quality of water for agricultural use be sustainably improved?

2) How can sufficient water supply for agricultural use be achieved in consideration of competing demands? How can production practices be adapted to be more water-use efficient, conserving, and less polluting?

3) How will new knowledge be delivered to agricultural and nonagricultural water users to understand the problems or issues being addressed and actions necessary to identify appropriate solutions for these problems?

The geographical focus for this project (Integration of spatially gridded, high-resolution remote sensing data for scheduling irrigation in real-time grower tools for Puerto Rico, the Caribbean, and Florida) will be across Puerto Rico (PR), the U.S. Virgin Islands (USVI), and westward into Florida (FL). The motivation for this project is the need to transition to extension agencies high-resolution, gridded products that both improve upon existing grower-focused applications and develop new products that provide decision support information on irrigation scheduling. A goal will be to assist the main agricultural producers across PR, FL and the USVI to make better decisions relative to their water use, through innovative remote sensing monitoring tools and irrigation scheduling, promote the intelligent use of water resources and increase knowledge within agricultural agencies that interact with local farmers.
Pressures of competing water demands, mandates to protect natural ecosystems, and dependence of agriculture on irrigation, produce stress on FL water supplies. USGS (2008) reported that 1.671 million acres (82.5%) of the 2.024 million acres of non-pasture agriculture in FL were irrigated. Similarly, the PR Irrigation System, servicing the island’s three irrigation districts, does not have capacity to provide water commensurate with present-day full agriculture production, with similar problems across the broader Caribbean. During drought, water from the PR system may be inadequate for both agricultural and domestic needs, while annually a large percentage of the water (up to 80% in the Lajas Valley) is discharged to the ocean for lack of storage capacity, resulting in soil erosion and the degradation of coral reef ecosystems.
The extension tools that will result from this project, will rely heavily on remote sensing of soil moisture (SM), evapotranspiration (ET) and rainfall, which the proposal team has well over a decade of experience developing. Tools will comprise a modeling system that more efficiently links regional SM remote sensing and crop stress to crop dynamics, providing per-crop metrics that aid agricultural managers and farmers in making better short-term irrigation management decisions. The main hypotheses are: (1) Algorithms that use remotely sensed visible and thermal data supply valuable proxy SM and ET (reference and actual) datasets in areas where precipitation observations are sparse or unreliable. (2) Integration of remotely sensed ET/SM proxy data into a real-time crop model will provide growers with an assessment of crop water stress, which when combined with ET, SM, and forecast/rainfall data provide more efficient irrigation scheduling, thereby benefiting farmers and other users of water resources, facilitating more efficient agricultural and water management in regions with limited water supplies, or where the demands on water are increasing over time.
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Figure 1: Schematic of proposed research and extension activities for this project.
Figure 1 shows schematically the flowchart of this project connecting data and models, with an emphasis on combining ongoing research and extension activities to form enhanced irrigation scheduling and water management tools. The main project objectives will include: (a) Increase knowledge of how remote sensing datasets (SM, ET, rainfall) estimate parameters required to model crop growth, monitor crops over a growing season, and therefore optimize water applications, ultimately improving on irrigation strategies to minimize surface run-off and deep percolation of water past the root zone; (b) Produce real-time tools with farmer input to monitor crop-specific parameters at 1-10 km spatial resolution across the region, mitigating imminent drought stress via a water stress indicator and forecast data with irrigation schedules; (c) Convey new knowledge to farmers and other water managers to optimize tool application, planting strategies (e.g., primed acclimation
) and irrigation through well-established extension pathways.
Proven approaches have linked regional rainfall to the Decision Support System for Agrotechnology Transfer (DSSAT) model, forming a spatially gridded system called GriDSSAT. The Atmospheric Land Exchange Inverse (ALEXI) remote sensing surface energy balance model provides maps of fPET, the ratio of actual to potential ET, every 5-10 km using GOES satellite and land-surface products. fPET is an effective proxy for SM and ET in regions with coarse precipitation gauge networks needed to support drought indices, and is used to formulate an evaporative stress index (ESI) that correlates highly with routinely-used drought indices. GOES-WEB, a water and energy balance model developed for PR, which will also be used in this project, estimates these same parameters daily at 1 km resolution. DSSAT has been coupled to 5-10 km ALEXI SM to identify impending yield reductions, removing the need for measured rainfall and the weather component of DSSAT (which is often the most problematic to characterize). For this effort, GriDSSAT will be optimized for use with ALEXI SM and an evaporative stress index (ESI) and GOES-WEB to estimate plant water stress and current-day and projected yield (using forecasted rainfall) for various crops (tropical crops and vegetables), and will drive an integrated approach to estimate crop and location specific irrigation schedules using enhanced and new tools that optimize real-time irrigation scheduling and crop management practices (e.g., fertilizer application).
2. Extension Components
The study region of FL, PR, and USVI (Fig. 2) is characterized by large populations, economically important agricultural production, and protected natural areas. Water management within this region differs depending on water supply, storage, and demands. Water supplies are also subject to climate change and variability and natural disasters which impact water availability through altered rainfall, variable radiation water losses, and water storage limitations in the system. Agriculture benefits from available water through increased yields, and in fact, much of agriculture would not be economically viable without irrigation. This is particularly true in FL where the majority of vegetable crops are grown during the dry season, while the climate of the southern PR and much of the USVI are considered semi-arid. However, studies have shown that irrigation scheduling based on soil water conditions, plant water stress, and/or ET increases water use efficiency of crops (Munoz-Carpena et al. 2003; Dukes and Scholberg, 2005; Kisekka, et al. 2010; Migliaccio et al. 2010; Kiggundu et al. 2012).

Seventy percent of all fresh water withdrawn globally is used for irrigation (Siebert et al. 2010). In addition to conserving resources (i.e., ground and surface water, fuel and agricultural chemicals), high irrigation efficiency equates to increased revenue for farmers. Table 1 shows the dollars per acre that can be lost by a farmer in PR when water is not applied at 100% of the crop water requirement.
Table 1: Dollars lost per acre for different percentages of crop water requirement applied for 12 different crops in Puerto Rico.
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CROP* S Lost / Acre

Gandules 47 32 10 0 12 35 69

Pepinillo 111 76 25 0 15 56 124

Repollo 256 174 57 0 21 103 247

Sandia 293 199 65 0 23 114 277

Platanos y Guineos, Plantilla 318 216 71 0 24 122 299
Calabaza 390 265 87 0 27 146 359
Cebolla 543 369 121 0 34 195 490

Pimiento 578 393 129 0 36 206 519
Barenjena 757 514 169 0 44 264 670

Platanos y Guineos, Reton~o 1,006 684 225 0 76 388 945
Melon, Cantaloupe y Honeydew 1,027 698 229 0 56 352 899
Raices y Tuberculos 1,041 707 232 0 57 356 911





*Based on model budget data from the Conjunto Tecnológico, UPR Agricultural Experiment Station.

To achieve high irrigation efficiencies, scientific irrigation scheduling methods need to be employed by farmers. At a recent irrigation management-training course in PR, a survey was conducted, which asked the participants which method they use for scheduling irrigation. The survey indicated that 54% (35% Experience and 19% Other) of the participants do not use one of the standard scientific methods (soil moisture, ET or water balance methods). A method based on “experience” could mean, for example, that a farmer observes that the crop is experiencing heat stress, so he/she decides to irrigate; or a farmer decides that he or she will apply 1 inch of irrigation every week, regardless of the rainfall or crop water requirement.

One limitation of agricultural irrigators is the ability to determine an accurate irrigation schedule that results in minimal water losses while maintaining plant water needs in the soil. Innovative algorithms such as ALEXI and GOES-WEB provide a data source that can be translated into new real-time irrigation information to growers. In the past, many real-time tools developed for irrigation scheduling were limited by accurate rainfall data. Rainfall data are generally sparse while rainfall variability is great. The ALEXI model, along with optimal methods to estimate soil moisture, removes this limitation by providing spatially continuous SM information. We believe that use of a spatially continuous SM dataset will improve previous irrigation scheduling tools by providing a more accurate estimate of the current soil water state.

The Land Grant Universities involved with this project will capitalize on their institutional knowledge, experience and grower connections to develop focus groups to guide the development of the new irrigation tools. Focus groups will be composed of agricultural producers and used as a source of feedback for tool development. In addition, focus group members will serve as guest speakers and provide ‘real-world’ vignettes on their experience with the irrigation tools. The established framework of the Universities will be utilized for development, training, and dissemination of the final irrigation products. Extension specialist and agent teams will be formed to best serve clientele. Face-to-face learning events will be held and video recorded. Web based learning modules will be developed to reach a greater audience. All materials will be provided in English and Spanish.

In the past PR, USVI and FL have experienced drought, floods, hurricanes, mudslides, and other weather-related events.  With 9000 square kilometers and close to 4 million people, PR is a densely populated island. The main mountainous range called La Cordillera Central (The Central Range) extends through the entire island, dividing it into the northern and southern region. The mountain region accounts for approximately 60% of the land area. The Northeastern Trade Winds enter the northern part of the island, and as the moist air mass rises and cools as it passes over the mountain range, orographic rainfall occurs. As the trade wind continues in a southwesterly direction, the air mass, depleted of moisture, descends and warms along the southern side of the mountain range resulting in little rainfall along most of the southern coast. Farmers in the southern part of the island have to make use of irrigation for their crops year-round.  On average, the normal precipitation in PR fluctuates between 32 inches along the southern coast to over 200 inches within the El Yunque National Rainforest in the northeast corner of the island. Most of PR soils are clay textured, and are heavily eroded at some locations due to the high intensity rainfall and poor groundcover, which has lead to the filling of water reservoirs with significant quantities of sediment, thus reducing their storage capacities. The IPCC 2007 report indicated that the tropics and small islands are vulnerable areas. 
USVI STATS.  USVI soil and rainfall

FL STATS. FL soils and rainfall.
The PR Agricultural Extension Service (PRAES) is an integral part of the Land-Grant universities system established by the Smith-Lever Act on 1914. PRAES provides outreach through informal education to the UPR, Mayaguez Campus, College of Agricultural Sciences whose mission is to “Improve the quality of life of Puerto Rican families in socio-economic disadvantage through an educational process based on scientific research and focused on the needs of clients and matters of public interest.” PRAES delivers learning activities in communities around the Island through its four major educational programs: Agriculture, Marketing, and Conservation of Natural Resources, Consumer and Family Sciences, Youth and 4-H Clubs, and Community Resources Development.

There is need to engage farmers to actively be involved in decision-making, which is a very important issue, particularly since most of our agricultural production comes from small-scale farms that are often family owned and operated. The average size farm in PR, USVI and FL are 13, 2.5 and ?? acres, respectively.  Specifically, farmers are more inclined to listen to recommendations by AES toward remaining viable and profitable, if they aim to stay in business by stimulating the implementation of environmentally sound and sustainable agriculture practices. 
Technical training and other non-formal educational methodologies are needed to enhance farmer's abilities for planning, problem solving, critical thinking and decision making for effective use of natural resources.
INFORMATION NEEDED ON UF AND USVI EXTENSION COMPONENTS
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3. Specific Project Goals
This study will rely on the proven remote-sensing driven ALEXI algorithm for retrieving vegetation and SM information, yet will be innovative by linking remotely-sensed evaporative stresses (e.g., SM) to the DSSAT crop model. The coupling of DSSAT and remotely sensed SM provides several advantages over present capabilities: (1) The integration of ALEXI SM and DSSAT information into an irrigation tool for agricultural producers which is vetted and disseminated through Land Grant Extension programs (e.g., smartphone or web application), (2) The formation of regional yield estimates without need for accurate rainfall, soil physics, agricultural practice (rain fed or irrigated) or land cover information, once the remote sensing driven-DSSAT crop model is calibrated to data, for example from National Agricultural Statistics Service (NASS) county yields (see Fig. 3), 
(3) An enhanced DSSAT model supplied by actual ET versus only assuming potential ET (hence driving crop development in a more meaningful way), and (4) The ability to identify impending yield reductions as early as possible, subsequently providing guidance that can improve near-term (~10 day) crop management strategies toward projecting end-of-season harvest and possible food shortages, using forecasted rainfall via an ensemble approach (see Fig. 4). Collaboration between university and extension agencies will provide an information flow from research/development to farmers/producers that will benefit from real-time crop condition data by making better decisions regarding irrigation scheduling (and hence nutrient management) and harvesting. The proposed research will demonstrate the value of high-resolution remote sensing of vegetation and SM/drought related plant stress on commonly grown agricultural crops, across the Caribbean and into Florida.
One main tool within this project will be the newly-designed ALEXI-driven DSSAT that will offer an ability to form probabilistic crop water stress, yield, and other crop diagnostic metrics SUCH AS ?? through simulations in an ensemble mode, hence forming a tool that provides information that can be used to adapt to short-term shortages in rainfall (i.e. meteorological or so-called “flash droughts;” Mu et al. 2013). The mini-ensemble framework will use a combination of the Global Forecast System (GFS) or WRF model forecasted rainfall (generated at UAH), and estimated rainfall based on 0, ±10, ±20 and ±30% of normal amounts and frequency
. This methodology will serve two purposes: (1) To help gauge crop sensitivity to decreased rainfall at various stages of plant and/or fruit/grain development, and (2) To provide a range of simulations that can be consolidated into probabilistic information, or confidence-based metrics, needed for making crop management decisions as a function of water availability over multi-day periods. Throughout the growing season, each grid point/pixel then will have accompanying crop-specific metrics tailored to users needs. Figure 4 exemplifies input rainfall for the ensemble-based probabilistic forecast component of this effort.
Figure 3: (Upper Left) Anomaly time series between NASA Land Information System (yellow) and ALEXI (blue), and (Upper Right) Anomaly time series between DSSAT (green) and ALEXI (blue) for the 14-day SM composite at Belle Mina, Alabama for 2000-2010. Correlation between LIS and ALEXI SM is 0.577, while correlation between DSSAT and ALEXI SM is 0.740. (Lower Left) Time series plot comparing corn yields predicted by the DSSAT model simulation with rain-fed (blue) and ALEXI forced (red) 2000-2009. (Lower Right) Comparisons of DSSAT and NASS crop yields under ALEXI SM forcing (no NASS data for 2002 and 2007).
Figure 4: An example of how variations in 10-day NWP model forecasted rain (blue and grey lines) and observed rainfall (red line) will be used in this project to develop an ensemble of rainfall realizations from the DSSAT model, as a means then of forming a probabilistic crop-specific products that can be used to assess vulnerability to depleting moisture availabilities. These products will be formed as a function of time of the growing season, crop type, and crop maturity. The red-colored oval area depicts the multiple variations in NWP forecasted rain, provided variations from ±50% to the actual forecasted rain.
By Year 1, the validated point-based ALEXI-DSSAT system will be incorporated into a spatially gridded mapping system, called “GriDSSAT” (McNider et al. 2010), and will be forced with satellite-derived insolation and weather inputs from the WRF model and/or GFS. ALEXI ESI SM information will be used to update SM variables across a GriDSSAT domain, yielding a more realistic representation of SM evolution that is less sensitive to errors in estimated precipitation patterns (which may not be available from regional radar networks, especially in Haiti), or DSSAT ET and soil physics. The GriDSSAT model will then be run at 4 km resolution 
over the study region. Research will include enhancing the crop modeling architecture and yield predictions from GriDSSAT when using SM from ALEXI. For tropical crops, such as vegetables (e.g., tomatoes, peppers), GriDSSAT will be specific.
The specific extension and research goals of this AFRI project are:
Extension:

1. Year 1-2: Identify focus teams (5-8 people per team) for introducing the new concepts of using SM and ET satellite derived data for irrigation scheduling and exploring tool development options. Designated personnel (i.e., extension agents and specialists) will meet with the focus team and conduct discussions on tool development and potential applications. Focus team information will be collected and documented for use in designing the user tools.
2. Year 3-5: Design/develop a web tool or smart device application that uses real-time SM and ET data, forecast data, and DSSAT predictions to generate irrigation scheduling information.

3. Year 4-5: Test the tool/application with the focus groups and at research centers. Testing will include comparing irrigation schedules derived from the new tool or app to site conditions. At least three sites will be selected in each location. Sites may be grower based or from a research center. Sites would include assessment of SM, ET, and irrigation. Suggested revisions will be incorporated. The three different areas (i.e., FL, PR, USVI) may require some personalization of the tool to accommodate their particular needs.

4. Year 4: Develop extension curriculum for training trainers/extension agents and clientele.

5. Year 5: Release the tool/application to the public via appropriate venues and advertisement.

6. 
7. Year 5: Conduct ‘train-the-trainer’ workshops to train extension agents on use of tools/ applications. Assist extension agents with workshops in local communities. FL, PR, USVI each to have at least two train-the-trainer workshops; participate in at least two workshops for local clientele.
8. Year 5: Write extension documents describing use of new tool/application. For FL, this will be published in our EDIS system (http://edis.ifas.ufl.edu/). Publish similar document for PR and USVI.
9. Year 5: Develop a website with self-training videos, handouts, demonstrations, and grower vignettes for clientele unable to attend a workshop or requiring more information. Each Land Grant institution (FL, PR, and USVI) will have a website with mirrored information such that it reflects their clientele interests. UF will incorporate this effort into the UF IFAS IrriGator program that is a web-based product that organizes irrigation information. Each institution will be responsible for posting the web material to their affiliated site.

Research:
1. Year 1-2: Perform developments necessary to appropriately tune
 the ALEXI ESI and microwave SM fields to DSSAT toward
 forming simulations without need for antecedent precipitation and soil/SM information (following Mishra et al. 2013).

2. Year 1-2: Calibrate the newly formed ALEXI-driven DSSAT system to NASS
 and other yield data without need for antecedent rainfall data (gauge, or estimated from radar) where crops are rain-fed or irrigated, while at the same time utilizing actual ET within the DSSAT model to establish proper crop biophysics.

3. Year 1-2: Evaluate the use of gridded rainfall products in already-developed applications.
4. Compare GOES-PREWEB with ALEXI ET values.
5. Year 2-3. Perform calibration and validation work on ALEXI and GOES-WEB in PR using Large Aperture Scintilometry.

6. Year 3-4. Develop and apply the DisALEXI method (Norman et al., 2000) to GOES-WEB to estimate the water budget at the farm scale. Focus on small farms in PR that are less than the 1-km resolution of GOES-WEB.

7. Year 3Develop an operational GOES-WEB-type algorithm for Florida.
8. Couple DSSAT model-based crop yield output to the GOES-WEB.

9. Generate historic solar radiation for the northern Caribbean (pre-2000 to Present) for product development and calibration purposes
.
Figure 5: Daily energy balance components produced by GOES-WEB for January 20, 2014. Shown are (a) Net Radiation, (b) Sensible Heat Flux, and (c) Latent Heat Flux, all in MegaJoules/m–2/Day.
Figure 6: Daily water balance components produced by GOES-WEB for January 20, 2014. Shown are (a) Rainfall (mm), (b) Surface Runoff (mm), (c) Actual ET (mm), (d) Aquifer Recharge (mm), and (e) Volumetric Soil Moisture Content.
4. Approach

Below is a detailed description of the models and analysis tools that will be used, developed and implemented toward meeting the project’s goals.

4.1 Models & Analysis Tools

a) GOES-WEB – ET Products for the Tropics

Harmsen et al. (2010) developed the GOES-Puerto Rico Water and Energy Balance (GOES-WEB) algorithm. They used a methodology similar to Yunhao et al. (2001) to calculate the energy balance and to estimate actual ET in PR. Daily-integrated solar radiation estimates are developed from GOES visible data at 1-km resolution over PR. The methods of Diak and Gautier (1983), Diak et al. (1996) and Paech et al. (2009) are utilized, with validation of the solar insolation provided in Otkin et al. (1995), Mecikalski et al. (2011) and Harmsen et al. (2014). Rainfall is obtained from NOAA’s Doppler Radar (NEXRAD). Surface runoff is estimated using the Natural Resource Conservation Service (NRCS) Curve Number (CN) method (Fangmeier et al. 2005). Deep percolation or aquifer recharge is assumed to be any water that exceeds the soil field capacity. On those days in which aquifer recharge occurs the final soil moisture is assumed to be equal to the field capacity. If the soil moisture does not exceed the field capacity then no recharge occurs. The model is operational in the sense that it is automated and provides a suite of 25 hydro-climate variables each day, including SD, ET and fpet, which are available to the public via a web site (http://pragwater.com). Figures 5 and 6 show examples of the energy and water balance components, respectively, for January 20, 2014. Image data for twenty-five hydro-climate variables are available on a public website (http://pragwater.com/goes-puerto-rico-water-and-energy-balance-goes-web-algorithm/). Archived images are from January 2009–Present.
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b) Gridded Rainfall

WE NEED TO INCLUDE A FEW GRIDDED RAINFALL PRODUCTS WE’LL EVALUATE
· AHPS. John se can look at product from the AHPS website.  http://water.weather.gov/precip/  This is what we use for GOES-WEB.  This is a multi-sensor product (radar and rain gauges, but no satellite).
· NEXRAD radar rainfall for the USVI (not multi-sensor)..

c) ALEXI and DisALEXI

One important research algorithm will be the real-time thermal infrared (TIR; ~11 µm geostationary satellite imagery) surface energy balance ALEXI model to generate maps of fPET: the ratio of actual ET to potential ET (PET). ALEXI operates at 10 km horizontal resolution over the study region, driven by land-surface fields [e.g. land surface temperature (LST), leaf area index (LAI), solar insolation]. Observations from National Oceanic and Atmospheric Administration (NOAA) and National Aeronautics and Space Administration (NASA) satellites provide key input fields. The Weather Research and Forecast (WRF) model provides meteorological input data. Maps of ALEXI-generated fPET are formulated into an ESI (http:// hrsl.arsusda.gov/drought) that represents the degree that a crop may be stressed by drought, and hence is strongly related to SM. The ESI has proven to be valuable tool for monitoring drought in data-poor regions as it does not require antecedent precipitation data as input, yet functions as well as standard precipitation-based drought indices (Anderson et al. 2007a; 2011; Anderson et al. 2012), and work is underway to integrate the ESI within the weekly U.S. Drought Monitor reports to improve response to rapid onset drought events. Hain et al. (2010, 2011) demonstrated that ALEXI fPET (hence, ESI) provides valuable high-resolution information regarding root zone SM conditions, with fPET values of 0 (no ET) to 1 (maximum ET) translating into SM values lying between permanent wilting and field capacity.
Past studies have developed TIR LST in SM monitoring techniques (Carlson et al. 1981; Price 1983; Carlson 1986; Taconet et al. 1986; Carlson et al. 1994; McNider et al. 1994; Gilles and Carlson 1995; van den Hurk et al. 1997; Jones et al. 1998). Although, several studies exhibited success, very few of the techniques have transitioned to either an operational framework, or have been attempted on large spatial (regional to global) scales. One of the more promising TIR SM monitoring tools exploits surface flux predictions retrieved by the ALEXI model. The ALEXI/DisALEXI modelling system is designed for satellite-based TIR data streams [e.g., GOES, MODIS] depending on resolution.

The ALEXI surface energy balance model (Anderson et al. 1997, 2007a,b; Mecikalski et al. 1999) was specifically designed to minimize the need for ancillary meteorological data while maintaining a physically realistic representation of land-atmosphere exchange processes over a wide range of vegetation cover conditions. ALEXI is a diagnostic land-surface models designed explicitly to exploit 5-15 min imagery from geostationary satellites. Surface energy balance models estimate ET by partitioning the energy available at the land surface (RN–G, where RN is net radiation and G is the soil heat conduction flux, in Wm-2) into turbulent fluxes of sensible and latent heating (H and (E, respectively, Wm-2): RN–G =H+(E, where ( is the latent heat of vaporization (J kg-1) and E is ET (mm s-1). RN in ALEXI is formed using GOES or Meteosat solar insolation (Paech et al. 2009). Surface temperature is a valuable metric for constraining (E because varying SM conditions yield a distinctive thermal signature: moisture deficiencies in the root zone lead to vegetation stress and elevated canopy temperatures, while depletion of water from the soil surface layer causes the soil component of the scene to heat up rapidly.
The land-surface representation in ALEXI model is based on the series version of the two-source energy balance (TSEB) model of Norman et al. (1995; see also Kustas et al. 1999, 2000), which partitions the composite surface radiometric temperature, TRAD, into characteristic soil and canopy temperatures, TS and TC, based on the local vegetation cover fraction apparent at the thermal sensor view angle, f((): TRAD(() ≈ f(()TC + [1 – f(()]TS. For a homogeneous canopy with spherical leaf angle distribution and LAI, f(() is given as f(() = 1 – exp[(–0.5((()LAI)/cos()], where ((() is a view angle dependent clumping factor, currently assigned by vegetation class (Anderson et al. 2005). With information about TRAD, LAI, and radiative forcing, the TSEB evaluates the soil (subscript ‘s’) and canopy (‘c’) energy budgets separately, computing system and component fluxes of net radiation (RN=RNC+RNS), sensible and latent heat (H=HC+HS and (E=(EC+(ES), and G. Because angular effects are incorporated into the decomposition of TRAD, the TSEB can accommodate TIR data acquired at off-nadir viewing angles and can therefore be applied to geostationary satellite images (see Fig. 7, ALEXI schematic). The TSEB has a built-in mechanism for detecting thermal signatures of vegetation stress. A modified Priestley-Taylor relationship (PT; Priestley and Taylor 1972), applied to the divergence of RN within the canopy (RNC), provides an initial estimate of canopy transpiration ((EC), while the soil evaporation rate ((ES) is computed as a residual to the system energy budget. If the vegetation is stressed and transpiring at less than the potential rate, the PT equation will overestimate (EC and the residual (ES will become negative. With mid-day condensation onto the soil unlikely on clear days, (ES < 0 is considered a signature of system stress caused by dryness. Under such circumstances, the PT coefficient is throttled back until (ES ~ 0 (expected under dry conditions). Both (EC and (ES are then some fraction of the canopy and soil PET rates. This approach provides surface (related to (ES) and root zone (related to (EC) moisture pool assessments, and thus concomitant tracking of meteorological and agricultural/hydrologic droughts (Kustas et al. 2009; Otkin et al. 2014).

ALEXI is constrained to operate on spatial scales on the order of kilometers, where atmospheric forcing by uniform land-surface behaviour becomes effective. Anderson et al. (2007a) summarize ALEXI validation experiments employing a spatial flux disaggregation technique (DisALEXI; Norman et al. 2003), which uses TA diagnoses from ALEXI along with higher resolution TIR imagery presently only available from aircraft or polar orbiting systems such as Landsat or Advanced Spaceborne Thermal Emission and Reflection Radiometer to downscale the GOES- and MSG-based flux estimates (3-10 km) to the flux measurement footprint (on the order 100-1000 m; see Fig. 4). TIR and visible data from MODIS, LandSat, and UAS/Unmanned Arial Vehicles also are well suited to provide input fields for DisALEXI, in this case at ≤10 m resolution. Typical root-mean-square-deviations in comparison with tower flux measurements (30-min averages) of H and (E are 35-40 Wm-2 (15% of the mean observed flux) over a range in vegetation cover types and climatic conditions. Disaggregation also facilitates high spatial resolution assessment of SM flux and stress conditions, but is constrained in temporal resolution by the overpass frequency of polar orbiting satellites. Together, ALEXI/DisALEXI plus MODIS/LandSat/UAS-collected data facilitate scalable flux and SM/stress mapping using TIR imagery, zooming in from the national scale to sites of specific interest (Fig. 7), as will be valuable during the validation component of this project.

Toward increasing the spatial and temporal coverage of remote sensing-based SM estimates, ALEXI ESI signals have been combined with standard passive microwave SM retrievals (Jackson 1983; Njoku et al. 1999; 2003; Owe et al. 2008) and used to update SM states in a hydrologic land-surface model (LSM) producing time-continuous SM information at both high temporal and spatial resolution (4 km, daily). Microwave SM and TIR ESI retrievals are complementary, with the former available under clear and cloudy conditions but only at low spatial resolution (10’s of km), and the latter under only clear skies but at resolutions down to 100 m. The data assimilation uses an Ensemble Kalman Filter (EnKF) system implemented within the NASA Land Information System (LIS; Kumar et al. 2006). The time-continuous gridded SM data stream from LIS provides an “optimal” SM analysis that has already been coupled to DSSAT as shown in Fig. 3, a modeling system that typically has used observed rainfall and a very simple SM scheme to monitor the yield potential for various crops.

The recent work by Mishra et al. (2013) demonstrates that ALEXI and LIS SM estimates can effectively drive the DSSAT model toward reproducing 10 km resolution yields, when compared to NASS crop yield data. Despite only having SM updates every ~9 days from ALEXI (as it requires clear-sky conditions to retrieve SM), DSSAT was in very good agreement with NASS-observed yields. Figure 3 shows time series SM anomaly comparisons between: (a) ALEXI and LIS, (b) ALEXI and DSSAT, as well as (c) ALEXI-driven versus rain fed-driven DSSAT model simulations, and (d) DSSAT yield comparisons (ALEXI-driven versus NASS reported). This demonstration in Fig. 3 shows the capability we bring to the USDA AFRI, namely an ability to drive DSSAT without need for rainfall estimates (e.g., from radar or satellite) and point-based soil data, while being able to obtain yield statistics very close to observed values.

The goal in Year 1 will be to develop the ALEXI methodology over the Caribbean, MORE
d) DSSAT and GriDSSAT – Jim Cruise/Cam Handyside Update
The basic DSSAT (Jones et al. 1998) is a major system of crop modeling used across the world. DSSAT is a computer software system designed to predict growth and end of the season yield for more than 25 agricultural crops, to assist in producing successful crop management techniques, and to provide alternate options for decision-making (Tsuji et al. 1998; Zhang and Oweis 1999; Hoogenboom et al. 2004). The DSSAT model components use weather, soil type and profile properties, cultivar-specific inputs and management including irrigation, amount and type of fertilizer among others for simulating growth, development, and yield. DSSAT possesses a soil hydrological model to estimate soil water flow and root water uptake as a function of soil surface and soil profile properties (Ritchie et al. 1998; Jones et al. 2003). Solar radiation and cool temperatures, high LAI, or SM deficiencies and rooting density, may limit the DSSAT canopy transpiration rates. Each simulation for a single growing season provides a large amount of data output, including rooting depth, plant transpiration, soil temperature and SM, nitrogen levels in soil, plant growth and development and a final water, nitrogen, and carbon balance.
The DSSAT system has been configured to run in a gridded mode (referred to as GriDSSAT) at a horizontal grid spacing of ~4 km (McNider et al. 2010). Figure 5(a-d) shows a test GriDSSAT implementation, predicting crop stress and impact on yield. Temporal input data required by DSSAT are daily minimum and maximum temperatures (Tmin, Tmax), daily insolation data, and daily precipitation data. Tmin and Tmax are from operational NOAA NWP models (e.g., Rapid Update, GFS). In Fig. 5, the 2008 simulations were real-time, conducted using a horizontal mesh size of 40 km and run hourly with scripts used to ingest all needed input data.
Daily solar insolation as needed in GriDSSAT (as also used in ALEXI) is produced at 4-10 km resolution at UAH and NASA Marshall Space Flight Center (MSFC) by the physical retrieval methodology of Diak and Gautier (1983) and Diak et al. (2004), which relies on GOES visible waveband imagery. The physical retrieval technique calculates cloud transmittance and absorption, which are incorporated in more complex radiative transfer models (Pour-Biazar et al. 2007). A comparison to ground-based pyranometers is found in McNider et al. (1995) and Paech et al. (2009), with de-biased accuracies approaching 3-4%. Insolation in GriDSSAT is used to determine the rates of biomass production and PET. For many crops, GriDSSAT’s biomass production is related to a radiation use efficiency parameter and the fraction of radiation intercepted, that depends on canopy LAI (Ritchie et al. 1998). In addition, 24-hour multi-sensor precipitation analyses from the National Weather Service NEXRAD network are extracted to run the present GriDSSAT, which has been replaced by an optimal SM (Mishra et al. 2013; Fig. 1).
The test in Fig. 5 simulates corn (maize) production, assuming a generic corn cultivar common in the Southeast U.S. The test planting date is based on location and driven by latitude to account for earlier warm temperatures the farther south the point. The physiological development and final yield of corn is highly determined by local meteorological and soil conditions and genotypic characteristics. Daily water stress is based on a soil water deficit parameter that is based on the ratio of potential uptake to potential transpiration (Ritchie et al. 1998). The values are in index form, with 0 indicating no stress and 1 maximum stress. The stress factor is highly variable through the plant life cycle. The rate of stress increase depends on plant water needs at a particular physiological state and the available water in the root zone.

The water stress parameter was extracted at each grid point and plotted each day of the GriDSSAT simulation period. Figure 8a shows the water stress growth index for June 28. Figure 8b shows the evolution of daily stress values from 24 May–2 August 2008. Interpretation of these gridded maps is that this would be the stress on the corn crop based on location conditions. Thus, a producer or agricultural specialist could look at a point of interest and view the relative stress of this location compared to other regions. We expect that coarse resolution long-term runs can put this stress into temporal climatological perspective. As part of the preliminary studies related to the impact of irrigation on corn yields in Alabama, tests of GriDSSAT yields compared to corn field trials yields were made. The result was a calibration curve y = 0.791x + 35.147, where x is “yield” and y is the “adjusted yield,” both in units of bushels/acre. For an independent test, the calibration was applied to long-term (56 year) GriDSSAT yields at three sites in Alabama. The sites represented three major climatological and soil regions: (a) an Alabama coastal plain, (b) a prairie setting in the Blackbelt region in the middle part of the State, (c) the Tennessee Valley in north Alabama. The three sites were averaged to give a pseudo-statewide average. This statewide average was then compared to statewide yields from the USDA NASS (Fig. 8c). The NASS data were de-trended to mitigate systemic increases in yields as a result of cultivar improvements and agricultural practices over the 56-years. The average of the three sites has a larger variance than the statewide NASS data, yet the calibration provides a good representation of the NASS data. The increase in variance in the NASS statewide data in recent years may be due to the drastic decrease in corn acreage in Alabama (2.5 million acres in 1950, to 300,000 in 2006) and the concentration of corn production in north Alabama.
The GriDSSAT model was run through to corn maturity producing a map of final yield (Fig. 8d). Final calibrated crop yields in DSSAT depend on many interactive factors during the modeling process, and thus the planned path is to use on-farm data for calibration and evaluation of the simulated yields (i.e. Fig. 3; Soler et al. 2007; Bannayan and Hoogenboom 2009). Figure 8d shows estimated yield variation due to weather (temperature, insolation, precipitation). The yield comparison (Fig. 8d) and water stress (Fig. 8b) shows that the integrated stress is a good indicator of final yield (Garcia y Garcia et al. 2009). As the Alabama-based calibration may not be widely applicable, other locations will be used.

Within this project, the point-based DSSAT tool will be calibrated over select locations in PR and Florida toward forming a high-quality, scalable agricultural management and information tool that will couple to GOES-WEB and OTHERS. The U.S. testbed regions will be WHERE. Sub 10 km pixel scale variability in crop and SM will need to be accounted for within the calibration activity, which will be done using Unmanned Aircraft Systems (UAS), especially in the U.S. For field-scale validation, UAS flights will collect sub-1 cm and 1 m resolution visible and ~11 µm channel data, respectively per 10 km2 ALEXI pixel, providing vegetation and TIR information for the ALEXI disaggregation (DisALEXI) model (high-resolution version of ALEXI used for validation), and for generating fields such as LAI. Periodic 30- and 60-m resolution data from LandSat will then be used to drive DisALEXI for farm-scale validation over multi-10 km pixel regions centered on each testbed location.
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4.2
Application Developments
Surface energy and moisture fluxes and SM will be calibrated/validated (cal/val) in Puerto Rico for the ALEXI and GOES-WEB. Cal/val for fluxes will be performed using a large aperture scintilometer, which provides average flux measurements (sensible heat and latent heat as a residual of the energy balance) over distances of 1 to several kilometers. Several soil moisture collection stations will be installed at the same locations where the scintilometer measurements are made. In PR we will collect data from the Agriculture Experiment Stations at Juana Diaz, in southern PR; Lajas in western PR and the Coloso Valley in northwest PR. Crops to be evaluated include X, Y and sugar cane. No cal/val measurements will be made in the USVI since the conditions are relatively similar to Puerto Rico. DATA COLLECTION SITES IN FLORIDA AND ST. CROIX?
[Measured surface energy (what parameters?) and soil water content will be calibrated/validate in the region with sites from PR, USVI, and FL for the respective predicted data ALEXI and GOES-WEB. Discussion on parameters to be measured (I’m not sure what these are). Daily average values will be compared over at least one year for at least three sites in the three locations. PR… VI… Florida sites will be at UF IFAS Research and Education Centers (RECs) in agricultural production fields. RECs also house Florida Automated Weather Network stations, which will provide additional data for the project. Data will be evaluated statistically to identify biases and deviations???]
a) A Coupled ALEXI-DSSAT Model, Validation and Scaling to Municipality
 Yields

A multi-tiered calibration and validation approach will be executed to ensure that the coupled ALEXI-DSSAT system will provide quality crop dynamics, yield estimates and drought detection over the growing season. Several methods will be employed toward quantifying the following: (1) The physical accuracy of the ALEXI-DSSAT system when operated on 10 m field- to ~1 km farm-scales, and finally to county-wide regions, when SM and ALEXI inputs drive DSSAT. (2) How do yield predictions compare across scales (i.e. in comparison to county NASS yields)? While adhering to water and energy balance constraints within DSSAT, the focus will be on comparing farm field/point simulations of crop yield from DSSAT, using observed rainfall, remotely-sensed SM and yield data, for monthly to annual time periods. The goal is to maximize agreement of ALEXI-DSSAT simulated crop yields with yields observed across testbed sites (i.e. a range of soil, rainfall and historical crop conditions).

Other objective metrics used to gauge output yield forecast quality will include determining correlation of integrated growing season ALEXI SM and DSSAT yields with USDA-NASS county-wide yield data for several crop types. As absolute yields under the planned DSSAT runs may not be robust because of different crop management practices on actual farms (irrigated versus rainfed), we will compare DSSAT yields normalized/de-trended by the potential yield for the DSSAT/GriDSSAT crop being simulated, to account for systemic cultivar- or fertilizer-related increases in yields, isolating the effects of drought (soil water holding characteristics) in forecasted yields. ET estimates from ALEXI, LSM-assimilated SM, and other modeled flux components will be evaluated in comparison with surface flux observations collected at testbed sites. Because ALEXI pixel sizes (3-10 km) are much coarser than the surface flux footprint sampled by ground instrumentation (typically ~100 m), the DisALEXI disaggregation algorithm (Anderson et al. 2004) will be applied, using high-resolution UAS/UAV (1 cm visible/1 m TIR), LandSat (30-60 m) and MODIS (1 km) imagery to disaggregate the ALEXI fluxes to scales of the sub-pixel input data streams. UAS-collected TIR and visible channel data will be instrumental in validating sub-10 km grid scale ALEXI-DSSAT simulations, which are not constrained by clouds like LandSat and MODIS observations are.
The validated point-based DSSAT driven with ALEXI SM will be extended to cover the testbed regions by several 10 km-resolution grid cells, and finally to countywide regions. Extending the domain will serve two main purposes: (1) The likelihood of clear-sky retrievals from ALEXI will be increased, that then become part of the LIS SM field. (2) The local variability in terms of SM and vegetation (crop types) will be represented. The ~100 km2 U.S. and Africa farm-scale regions will help evaluate hydrological aspects of the drought assessment tool, as noted above (e.g., addressing water management issues associated with irrigation).
Another main aspect of this project component will be to calibrate the LIS-driven DSSAT model within this rainfall-ensemble framework such that it can be used alone to help provide grid cell (i.e. 3-10 km) integrated crop behaviors (as shown in Fig. 3), over all crop types within a region, whether or not they are irrigated. As demonstrated in Mishra et al. (2013), ALEXI-driven DSSAT output compared very well to NASS yields over 10 km regions, without need to understand the per-farm details that are often difficult to obtain (e.g., which farmers are irrigating, specifics on fertilizer applications across farms). USDA and other agricultural agencies can use the LIS-driven DSSAT to help formulate more accurate in-growing season metrics, such as phenology-based stress, that will help in the monitoring of food production.

The ALEXI to DSSAT scaling and calibration exercise will begin at the field scale at the test sites. DSSAT will be run while being forced with recorded rainfall and ALEXI SM data for comparison at each step. The field scale tests will address several important issues that need to be solved before the model can be scaled up. First, some field scale verification of the basic DSSAT model will be accomplished. In this study, we will model specific cultivars of corn and soybeans that are known to be prominent in the study areas. There has already been a great deal of calibration and verification of the DSSAT algorithms for these crops under a variety of soils, climate and management practices (e.g., Jagtop et al. 1993; Manuela et al. 2007; Persson et al. 2009) so that any further calibration along those lines are considered unnecessary. Instead, this study will concentrate on verification of the soil moisture routing and ET algorithms in the model and relationships with the remotely sensed data. Calibration will be by field sampling of soil moisture and nutrients for the sites we can access (Belle Mina and Muscle Shoals, Alabama), as well as final yield at harvesting. Next, the effectiveness of the UAV mounted sensors in detecting ET and SM signatures at the field scale will be tested using the soil samples collected during DSSAT calibration and comparison with the DSSAT simulations. This will entail the mounting of UAV flights coincident with the field sampling. Similarly, the ability of the DisALEXI algorithm to detect ET and SM at this scale will be tested and compared to the UAV data and the field samples. The estimates of actual ET from these sources will be compared to the ET generated by the rain-fed DSSAT model. In DSSAT the user can choose between the full Penman-Monteith PET method or the reduced Priestley-Taylor approximation depending on the availability of data. In reality, PET can be reduced due to stomata constrictions associated with temperatures or extreme vapor pressure deficits (Mu et al. 2007), as well as from insufficient soil moisture storage to meet atmospheric demands. DSSAT handles the last of these issues through its SM accounting, and handles the stomata issues in an empirical fashion. The effectiveness of these measures can be determined through comparisons with the high-resolution remote sensing observations and the field sampling.
One of the most important questions to be answered for the field scale DSSAT runs is the optimal frequency at which to update the model with remotely sensed data. Mishra et al (2013) found that when simulating corn growth in Alabama, an update frequency of 9-12 days resulted in yields that were superior to the rain fed model when compared to county yield data. However, as shown in Fig. 1, these yields could still be improved, and conditions in other states are not necessarily similar to Alabama, and other crops are not as water intensive as corn. The update frequency in the Mishra et al. study was limited by the availability of ALEXI data (clear skies) that will not be a limitation with the integrated ALEXI database. Thus, the issue of update frequency is open for a much more thorough investigation. Although the soil water routing of the DSSAT model is not sophisticated, the plant moisture and nutrient uptake algorithms are state-of-the art. Thus, it is not considered advisable to interfere with the biological processes of the model by entering noisy remotely sensed SM more often than necessary (Mishra et al. 2013). Using available yield data as well as remotely sensed and field sampled SM, the actual moisture/ nutrient uptake dynamics of the model can be studied more thoroughly than before and compared with the remotely sensed data at a variety of update frequencies.

Once it is apparent that the modeling/observation system is working properly at the field scale, it will then be scaled up to the 5 km ALEXI-DSSAT working grid level. The integrated ALEXI product (fPET) as well as the MODIS ET and the TIR bands in the new Landsat-8 Thermal Infrared Sensor will be employed in this effort. The MODIS ET product is a standard Level 2 daily product at a 1 km spatial resolution while the Landsat-8 TIR bands will be available at 16-day intervals at a 100 m resolution. The remotely sensed ET and SM signal is capable of detecting something that the rain-driven field scale DSSAT model can never detect on it own–the integrated spatial and temporal effects of differing agricultural practices (irrigation, nutrient applications, etc.), varying soil properties, and distribution of rainfall across a spatial domain (Mishra et al. 2013). As before, the satellite-based remote sensing products will be supported by limited flights of the UAV mounted instrument for validation of ET and SM dynamics. The questions to be answered are: How accurate are the satellite-based remote sensing estimates of SM (particularly ALEXI) compared to the UAV data? How do the remote sensing based SM profiles compare to the rain-fed DSSAT profiles, and how are the rain-fed profiles deteriorating with scale? How often should DSSAT be updated with remotely sensed data to maintain the SM signal at this scale?
The final step is the up-scaling of the model to the county level for comparison with official NASS county yield statistics. For example, there are 67 counties in Alabama with an average area of 2026 km2. At the 5-km grid scale, there will be on average of 81 DSSAT grid points per county. In this case, the satellite based remote sensing will guide the scaling process. ALEXI will be re-scaled to its normal 10-km resolution, while the MODIS ET and Landsat-8 TIR data will provide sub-pixel validation. At the 10-km level, there would be only about 20 grid points in Alabama to integrate into the final county scale model. Again, the questions to be answered revolve around the accuracy of the model when compare to “official” NAS yield statistics, and the frequency of model updates in order to maintain the fidelity of the integrated SM signal across a matrix of management practices, soils, and climate over the test counties.
b) Irrigation Management Tools
Data from GOES-WEB and ALEXI will be translated into real-time, site-specific crop ET and SM data. DSSAT will use this information as well as site and crop characteristics input to estimate crop water stress predictions. Forecast probabilities will also be integrated into the model to provide a predicted, forecasted irrigation demand. Smartphone or web based tools will be developed as the interface between the farmer and ET, SM, DSSAT information, and irrigation estimates. The new tool will be designed with farmer input so that it provides information in a format that farmers can easily translate into irrigation scheduling practices. The tool will also be customizable by the farmer relevant information will be included. Notification will be sent to the farmer regarding changes in irrigation management.

In Puerto Rico, Harmsen (2012) developed a simple web-based method for scheduling irrigation based on GOES-WEB data (Harmsen et al., 2009). In the methodology the user creates a crop coefficient curve based on the FAO approach (Allen et al, 1998) and the crop water requirement is estimated from the well-known relation ETc = Kc ETo, where ETc is the crop water requirement, Kc is the crop coefficient, which varies with crop stage, and ETo is the reference evapotranspiration. The user is provided links to daily NEXRAD radar rainfall images and ETo images (1-km spatial resolution for PR). The user sums up rainfall and ETo data for the series of days since the last irrigation was applied to determine the irrigation requirement. The methodology has recently been automated in a prototype web application called PRAGMA, which allows the user to create an account with a record of the user’s irrigation history.  The application can be implemented on a desktop computer or smart phone
.
Similar tools have been developed for farmers in FL and GA (Co-PI Migliaccio was part of the app development team). These smartirrigation apps (smartirrigationapps.org; Fig. x) provide irrigation schedules for specific crops. One limitation to these apps is the spatial variability of rainfall and the use of a limited number of weather stations to estimate crop irrigation schedules. In addition, the apps are specialty apps designed for crops that are well researched in FL. This proposal provides the opportunity to add to these suite of apps another tool which would not be commodity based and would provide a better estimate for rainfall. The new tool would build on previous app development knowledge of using large weather databases, integrating farmer feedback into the design, and app design. 
As part of this project we will develop an improved irrigation scheduling app that is based on the best aspects of the tools developed previously in PR and FL. 
c) Toward a GriDSSAT Framework (TROPICAL CROPS) – Update Cam Handyside
As originally constructed, DSSAT is a point model designed to operate on a single agricultural field. Initial work has implemented DSSAT over a spatial grid (McNider et al. 2010; Fig. 5), and following the calibration exercise, toward Year 5 of the project, a GriDSSAT implementation will occur within an automated framework driven by remotely sensed SM. In the single-field mode, DSSAT only maintains SM balance in each soil layer in the vertical direction for each time step. DSSAT’s hydrologic procedure was developed to simulate average field conditions over a long period of time and is not intended to accurately simulate an individual storm event (Tsuji et al. 1998). When formulated in a spatial, gridded domain, GriDSSAT will need to include lateral movement of moisture between grid cells either on the surface or subsurface. Presently, with excess rainfall, surface water ponds and is lost to the system. The volume of water available for infiltration from the surface is computed by the empirical curve number (CN) method. A simple, storage based algorithm is used to accomplish the vertical transport of moisture through soil layers. Beginning with the saturated hydraulic conductivity as the initial measure of vertical moisture flux, DSSAT infiltrates moisture by computing the holding capacity of each layer and adjusts the moisture flux between layers. This technique assumes that movement of moisture through the soil matrix is controlled by holding capacity and gravity, and ignores affects of pore pressure differentials or suction head. Initial studies using typical north Alabama soils and climate show that the error in SM accounting due to the omission of lateral subsurface water movement alone can be up to 0.35% per soil layer per day (Ellenburg 2010). Errors inherent in the CN technique (in estimating the CN itself), as well as errors in the vertical routing method, will all accumulate, in addition to those errors due to exclusion of lateral flux between grid cells. Thus, especially when developing a gridded GriDSSAT, it is essential to update the SM state in the model with external observations at set time intervals. In this case, the high value of remotely sensed SM becomes apparent: ALEXI ESI senses stress within the vegetation system. Hence, coupling of remotely sensed SM has the ability to correct for errors caused by the simplistic infiltration scheme, and unaccounted lateral water flows currently inherent in the standard DSSAT approach. This coupling will also mitigate errors in the input precipitation data stream. Other benefits of using ALEXI/LIS SM data are that they have been shown to significantly reduce SM drifts in land surface models, which occur from inadequate physical specification of SM dynamics or from large errors in meteorological forcing data, such as observed precipitation (Hain et al. 2011, 2012).
d) Product Development and Dissemination via Extension Activities
Kati/Carmen – Extension activities
4.3 Project Limitations & Concerns – Update John M.
Confidence is high for success in areas of this project for which research has been done and solids methods are in place, as described above. The IFDC also provides strong pathways to end users in Africa, given their nearly 40-year history of working international collaboration and agricultural model and infrastructure development. However, several areas represent weaknesses to the above project plan. These weaknesses, considered limitations to the project plan, are:

(1) Difficulty obtaining yield data from local farmers, and those associated with the Belle Mina Research Facility. In the past, several investigators have at times held their data closely, which has caused delays in publishing results. Should we encounter such difficulties obtaining these data, we will need to explore additional collaboration with ALFA and through SECC partners.

(2) Within Years 1 and 2, a new post-Doctoral research will need to be hired, and this person will become the main focal point for calibration and validation activities. Calibrating and validating the coupled ALEXI-DSSAT modeling system over the testbed locations (using DisALEXI with UAV and other remote sensing datasets such as LandSat-8) will require a high attention to detail. Although the work of Mishra et al. (2013) was an excellent proof of concept, there remains need to perform similar analyses over more than in just two locations.

(3) In Years 2 and 4, Workshops will be held in conjunction with project scientists to interface with the DSSAT user community. The key for success however will come when the county-scaled ALEXI-DSSAT system’s output fields are presented to NASS and DSSAT users who will then evaluate and develop the products that help a farmer or agricultural agent increase awareness of pending water shortages, and more importantly, develop adaptive strategies for mitigating crop losses (through timely irrigation), fertilizer losses (from improper applications), and water losses (through effective hydrological management). Without strong user feedback, our newly developed tool will be of diminished value to the USDA.


4.4 Statement of Project Hazards

DO
PR Extension Work plan

	Yr1
	Yr2
	Yr3
	Yr4
	Yr5

	Recruit farmers
	Prepare curricular guide on remote sensing
	Offer train-the-trainer certification courses
	Follow-up on farm application for irrigation water use 
	Evaluation

	- meeting with 10 Extension Agents to inform about the project and expected outcomes

-Farms selection from the following sites:

Aguada, Santa Isabel, Guánica, Lajas, Coamo, Sabana Grande, Juana Díaz

-25 farms visits – talk to farmers to explain the work to be conducted (data collection, usage)

-assess the irrigation system in the farms to establish an initial bench mark

	-identify a graduate student from the Ag. and Extension Ed. Dept. to assist in the preparation of a curricular guide on remote sensing and

validate the curriculum

-interpretation of the remote sensing data  

 (evapotranspiration, soil moisture, crop water requirements)

-identify a translator from the English Dept. for the English language version of the curriculum


	-coordinate 3 train-the-trainer sessions for ag professionals for certification (7-hours sessions)

-measure the participants knowledge gained

-Ext Agents will deliver the information to be used by the farmers

-Ext Agents will assist  farmers in the application of remote sensing information for irrigation

-revise the English language version of the curriculum

-prepare a script for a video


	-Ext Agents offer, at least one workshops to farmers per selected seven (7) sites

-10 farm sites demonstrations on the application of remote sensing data for irrigation 

-encourage the participation of ag professionals in the demonstrations (Dept. of Ag., USDA-NRCS) and neighboring farmers

- 6 month follow-up  after the Train-the-trainers courses of participants to assess what has been done

-take farm video shootings 

-video editing 

-identify a grad student from the Ag. and Ext. Ed. Dept. to assist in the preparation of a webinar on the application of remote sensing for efficient use of irrigation water
	-Two focus groups by Ext Personnel will be conducted with participating farmers 

-discussion about the results 

-Recommendations to finalize the curriculum

-farm visits to assess how many participating  farmers improved the irrigation water use 

-survey how many other farmers are interested in using remote sensing

-offer a webinar on remote sensing and its application for agriculture


4.5 Task Timeline
: 
Year 1: 
Year 2: 
Year 3: 
Year 4:
Year 5: 
Presentations will occur at American Meteorological Society, American Geophysical Union, SECC
 and Caribbean Food Crop Society conferences, as well as several U.S. and international venues. Submission of 4-7 high-quality research publications in peer-reviewed journals will occur over the lifetime of the project.
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Figure 2: Project domain. Over Puerto Rico, red rectangles indicate key calibration and validation domains where agricultural production is high.





Figure 7 (Left): Multi-scale ET maps for 1 July 2002 produced with ALEXI/DisALEXI using surface temperature data from aircraft (30-m resolution), Landsat (60-m), MODIS (1-km), GOES Imager (5-km) and GOES Sounder (10-km), zooming into the Walnut Creek Watershed near Ames, Iowa, site of the SMEX02 Soil Moisture Experiment. The cont-inental-scale ET map is a 14-day composite of clear-sky model estimates. (Anderson et al., 2007)





(Below): A schematic of the coupled land-atmosphere boundary layer (ABL) modeling scheme used in ALEXI. See text for description.





�





Figure 8: (a) Example of DSSAT Water Stress Index for June 28, 2008. White indicates a stress level of near zero. (b) Average DSSAT Water Stress Index between May 24 and August 2 (values 0.01-1.00, blue to red color). (c) Application of calibration to DSSAT yields compared to Alabama Statewide NASS yields. DSSAT yields are an average of three sites in Alabama representing three major soil and climatological regimes. And, (d) DSSAT calibrated/forecasted rain-fed corn yield (5-275, blue to red color) at maturity; units are bushels/acre.











�General comments: according to the RFA we have to add a logic model for integrated projects – I can ask our social scientist type to do this for us. I have asked her to work on the proposal with me (I hope this is ok) I will take care of all her budget in the UF budget. Her name is Laura Warner. Let me know if you would like her to do this for us. The other option is the UF PIE center which does this kind of thing and also does evaluation plans (not sure we need one for this proposal). They are expensive though.


�Is it possible to used a term that has some intuitive meaning.  Not sure what this means.


�We have land grant colleges and ag extension services in FL, PR and the USVI.  Couldn’t this  be rewritten to speak generally about all three study areas.  


�CARMEN, I DON’T UNDERSTAND THIS SENTENCE.  CAN YOU TRY TO REWRITE IT.


�CARMEN, THIS FIGURE IS NOT REFERENCED IN THE TEXT.  CAN YOU TIE THE FIGURE TO THE TEXT?








�I’m not sure who this helps.. managers? Who is doing this?


�What forecasted ET will be used?


�WHAT WAS THE PREVIOUS RESOLUTION?


�I think this subsection is pretty good.  It seems like the task for years 1 and 2 is pretty minimal and there is a lot  of work  in years 4 and 5, especially year 5.  Would it be possible to provide some training in years 1 and 2 on crop water used and irrigation management.  The training workshops could also described the project and what will be providing the public in subsequent years.  


�What do you mean by “tune”?


�with the objective of 


�Has NASS been defined?


�Only in the PR?





JOHN, I THINK  IT WOULD BE SUFFICIENT TO PERFORM THE SCINTILOMETER WORK ONLY IN PR, SINCE THE CONDITIONS ARE SOMEWHAT SIMILAR IN PR AND THE USVI.  ACTUALLY IT DRIER IN USVI, AND IS MORE SIMILAR TO SOUTHERN PR.  





ALTERNATIVELY, I COULD SET UP THE WATER BALANCE ALGORITHM FOR USVI AND FL.  WHAT DO YOU THINK.  


�Only for PR?





I COULD SET UP THE WATER BALANCE ALGORITHM FOR USVI AND FL.  WHAT DO YOU THINK.  


�It isn’t clear to me about the outputs – will products be different for PR, FL, and VI?





I THINK WE NEED TO DISCUSS THIS.  I AM NOT SURE IF SOME OF THE STUFF I WANT TO DO MAKES SENSE FROM A PROJECT STANDPOINT.  HOWEVER, I THINK WE CAN WEAVE IT INTO A COHERENT OUTPUT PACKAGE FOR ALL THREE LOCATIONS.





�IS THIS WORD  CORRECT?  IF SO, WHAT ARE MUNICIPALITY YIELDS?


�This entire section 4.2b needs updating and shortened by ~1 page. It is presenly overly long in my mind, and not tailored to PR/USVI/Florida very well. What do we need to say here?


�The yield data will be hard to come by – likely. The other thing is the grid size will probably include more than one crop for many locations – how do we address this?





JOHN, THESE ARE GOOD QUESTIONS.  CERTAINLY IN PR AND USVI THE MODEL PIXEL WILL BE BIGGER THAN THE AREA GROWING A SINGLE CROP.  BUT MAYBE THAT IS OKAY.  THE IMPORTANT THING IS THAT DSSAT BE CONFIGURED FOR THE CROP OF INTEREST.  THERE ARE VARIOUS WAYS TO ESTIMATE YIELD:  FRUIT OR SEED, BIOMASS, ETC.  ALSO, SOME CROPS PROVIDE YIELDS THROUGHOUT THE GROWTH LIFE OF THE PLANT, NOT JUST AT THE END OF THE SEASON.  WHAT DOES DSSAT PROVIDE?  





IN PR WE ARE PLANNING TO TEAM WITH SEVERAL FARMERS TO WORK ON THEIR FARMS, FROM WHICH WE WILL GET THE YIELD DATA.  





What time period will be modeled? We can probably tag onto other UF projects and collect additional data as needed. SM may need to be collected. Yield may need to be collected too. This would be the economic way to go.





Also – I am thinking the tool would have options such that users could select different outputs – for example, if their crop was in DSSAT perhaps they get different information than it their crop isn’t.


�One idea would be for PRWEB to expand and cover PR and VI and UF to add a new web product using the apps.





The programming will be the biggest hurtle but I put in budget to hire a programmer for UF.  I think multiple products would be ok as PR and VI users may have different needs than FL users. Plus, I’m guessing PR products will be in English and Spanish?


�What about hurricanes.  We haven’t had a significant hurricane in 15 years.  It is possible that we will have one during the project, but who knows.





�Didn’t we already provide this above?


�THIS NEEDS TO BE SPELLED OUT
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