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Project Godl

Improve the understanding of agricultural drought
risk in Pennsylvania through the development of o
drought assessment tool that can assess the
vulnerability of Pennsylvania’s diverse soils to
agricultural drought


Presenter
Presentation Notes
-- Drought risk will be assessed by focusing on the amount of available soil moisture in the root zone and the occurrence of water deficits during critical stages of crop development

-- This is not intended to be a tool for real-time monitoring of drought risk.  Instead, we intend to derive potential drought vulnerability from 30 year historical daily values.

-- And ultimately, our tool will be applicable at the field scale to help farmers make educated decisions based on their farm’s potential vulnerability


Agricultural Drought

Drought is the primary contributor to crop failure

Results from an inability to meet plant water
demands due to soil moisture stress

Short term moisture deficits during critical stages of
crop development can severely reduce yields
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Presentation Notes
1.  The Federal Emergency Management Agency estimates that on average the United States experiences drought related losses between 6-8 billion $ annually.

Although it is typically associated with the western United States, it is prevalent in the east as well!

2.  Quantifying agricultural drought is complex because…

(after)  Difficult to quantify…for example agricultural drought can occur simply due to a shortage of rainfall resulting in dryness in the surface layers during critical stages of crop growth, even though the deeper soil layers may be saturated.



Drought Indices

Widely used drought indices:
Palmer Drought Severity Index (PDSI)
Crop Moisture Index (CMI)
Surface Water Supply Index (SWSI)
Standardized Precipitation Index (SPI)
Normalized Difference Vegetation Index (NDVI)
Vegetation Condition Index (VCI)
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Presentation Notes
Drought Indices are used to assess and respond to drought.  

A drought index integrates various hydrological and meteorological parameters, such as rainfall, evapotranspiration, runoff and other water supply indicators into a single number and gives a comprehensive picture for decision making.

Unfortunately each if these indices has associated limitations that limit  their usefulness as agricultural drought indicators.
	PDSI has an inherent time scale of 8 months and is therefore not a good indicator of short-term soil moisture deficits during critical periods of crop growth.
	CMI is an improvement because it more appropriately detects short term moisture deficits, but because it neglects to account for the effects of crops and is essentially still an indicator of climatological drought.
	SWSI is essentially a hydrologic drought index.  It is not a useful indicator for agricultural drought due to the time lag before detection of precipitation deficiencies in surface and subsurface water sources.
	SPI is valuable in monitoring both short and long term moisture deficits, however it does not account for the effects of soil and crop growth.
	The NDVI and VCI are satellite based drought indices that are used to detect vegetation stress and are primarily used for real-time monitoring of drought. They 	are limited by their inability  to differentiate the 	cause of crop stress.  Furthermore the coarse (1km or greater) resolution satellite data from which the indices are derived prevents the proper estimation of the influence of vegetation and soil type.


Crop Models
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Presentation Notes
Just to stress again, an accurate agricultural drought vulnerability assessment tool should account for the sensitivity of crops to soil water deficit at critical stages of crop development.  
�Process oriented crop models have the ability to effectively simulate the effects of plant water stress at critical growth stages on crop yield and can thus be utilized as valuable tools in the study and modeling of agricultural drought.  
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After a comprehensive review of a wide range of crop models, We’ve selected AquaCrop to assist in the development of our agricultural drought vulnerability index.

FAO crop simulation model developed especially for conditions in which crop growth is limited by water.

It essentially integrates crop, soil, climate, and management information to predict their effects on the soil water balance and the development and growth of crops.

Compared to other crop models, AquaCrop requires a significantly smaller number of input parameters to effectively simulate crop growth and the effects of water stress

It is also ideal because it has the ability to simulate the growth of numerous crops under various management techniques.
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AquaCrop requires inputs pertaining to crop characteristics, such as planting density and the timing and length of significant growth stages
	
	


AquaCrop Inputs: Climatic Data
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Additional inputs include climatic data, such as daily maximum and minimum temperature, daily precipitation, and daily evapotranspiration records.

Historical daily weather records were obtained from the National Climatic Data Center (NCDC) for all National Weather Service cooperative weather stations within Pennsylvania as well as within a 100 km distance from the boundary of Pennsylvania.  

To the right you can see a map of the 211 weather stations for which these datasets have been accumulated and analyzed over the 30 year period covering 1971 to 2000.  A subset of these stations will be used in the data processing of the 9 county transect.

Daily reference evapotranspiration was calculated with an Eto calculator developed by the FAO.  This calculator utilizes the recommended FAO Penman-Monteith equation and procedures described in the FAO Irrigation and Drainage Paper 56 by Allen et al. (1998).  Missing weather parameters were estimated using the standard recommended methods outlined by this publication as well.  


AquaCrop Inputs:
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The soil component allows up to five different horizons of variable depth and texture.  

The volumetric water content at saturation, field capacity, and permanent wilting point, and the hydraulic conductivity at saturation is required for each horizon.  The depth of any restrictive soil layers are input as well.

Soils data have been obtained from the  SSURGO database


AquaCrop Outputs
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Presentation Notes
Here we can see some of the graphical and numerical outputs provided by the model.

The display on the left contains graphs with plots of the soil water depletion of the root zone, the corresponding development of the green canopy cover, and the transpiration, plotted as functions of time.

Here you can see that a drop in root zone water content resulted in reduced canopy cover.  The canopy cover that would be achieved without water stress is plotted in light gray in the back portion of the figure as a reference.

The numerical output on the left contains key variables for crop development and production as well as for soil water content and the soil water balance.


Obijectives

Validate the ability of AquaCrop to simulate maize
crop Yields in Pennsylvania

Develop a drought index to quantify the effects of
soil type on agricultural drought vulnerability

Generate an agricultural drought risk prediction
map for Pennsylvania soils
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These objectives cover my current role in the project.  I am validating the ability of AquaCrop to simulate maize crop yields in Pennsylvania.

I am also developing a drought index to quantify the effects of soil type on agricultural drought vulnerability. 

The initial index will be specific to corn, although in the future other dominant agricultural crops in Pennsylvania will be incorporated as well. 

 Following the development of this index, I will generate an agricultural drought risk prediction map for Pennsylvania soils, focusing on a transect of nine counties.


Study Area

Initial study will focus on a transect of nine counties
that span across Pennsylvania’s temperature and

precip’’
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Presentation Notes
Transect selected because it spans across Pennsylvania’s temperature and precipitation regimes, as well as across 4 of the major physiographic provinces of Pennsylvania 
	(Appalachian Plateaus province, Ridge and Valley province, New England Province, Piedmont province )



Methods: Objective 1
AquaCrop Validation

Assess the ability of AquaCrop to simulate:
Biomass Growth
Final Biomass

Harvestable Yield

Compare simulated and observed data
RMSE (root mean square error)

loA (Index of Agreement)
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Although the performance of the model has been validated under diverse environmental conditions.  We are further validating the performance of the model in Pennsylvania using data from 5 consecutive years of maize field experiments conducted at the Rock Springs Agricultural Research Center of the Penn State University.

The performance of the model will be evaluated based on the comparison between simulated and observed data using the RMSE and index of agreement



-

Methods: Obijective 2
Drought Index Development

Conduct a daily soil water balance for agricultural

SO
Ca
Ca
Ca
Ca

Is
culate dai
culate dai

culate dai

culate dai
TAW — Dr

y root zone depletion (Dr)

y Total Available Water (TAW)
y Readily Available Water (RAW)

y water stress coefficient:

TAW — RAW (Allen et al. 1998)
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A daily soil water balance for the root zone will be conducted at each climate station for each of the applicable Pennsylvania agricultural soils classified in land capability classes 1 through 4.  AquaCrop is being used to estimate the daily soil water balance. 
 
From the output provided by AquaCrop  we can determine the daily root zone depletion by calculating the water shortage relative to field capacity.  At field capacity, the root zone depletion is zero.
Because the AquaCrop also provides us with the daily water content at both field capacity and permanent wilting point we can calculate the TAW in the root zone.  

We then need to determine the amount of RAW in the root zone because stress only occurs after this amount of water is depleted.  RAW is calculated by multiplying the TAW  by a value that represents the average fraction of the TAW that can be depleted from the root zone before moisture stress.  The appropriate values for maize were taken from the FAO website.

The water stress coefficient essentially represents a dimensionless crop growth reduction factor that is dependent on the available soil water in the root zone and provides a standardized way to estimate stress.  The calculation procedure follows the water stress coefficient methods provided by Allen et al in the FAO Irrigation and Drainage Paper No. 56.  A stress coefficient value ranges from 0 to 1.  A value of 1 indicates no stress while a value of 0 indicates full stress.






Methods: Obijective 2
Drought Index Development

Calculate Daily Stress Index (Sp)

Calculate a Weighted Daily Stress Index
Weights (W):
Establishment and vegetative stages: 0.4

Flowering stage: 1.5

Yield Formation stage: 0.5

(Doorenbos and Kassam, 1979)

Calculate Seasonal Water Stress Index:

— Zi”:] (Wl)(SD|) (Timlin et al., 1986)
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The daily stress index is defined as 1 – water stress coefficient.  The values will range from 0 to 1.  The lower the stress coefficient, the higher the stress.

The Weighted daily stress index will be calculated by multiplying the daily stress index by the appropriate weighting factor.  The weighting factors were selected because they are widely used in the literature to represent the yield response of maize to water deficit during critical growth periods.  As you can see, the flowering stage is the most sensitive stage, followed by the yield formation and establishment and vegetative stages.

The calculation of the seasonal water stress index follows the procedures of Timlin et al., 1986.  in which the daily stress index is summed over the growing season.  Sdi is the daily stress index for day i and Wi is the weighting factor that accounts for the sensitivity of grain yields to moisture stress on that day.





Yearly Index Values for a Low AWC Soil
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These graphs show the index values for a high awc soil and a low awc over a span of 30 years.  Both soils were evaluated at the same climate station.   Go over soil properties . 

Although we still need to run statistics, you can see the index values for the low AWC soil are quite a bit higher than those for the high awc soil.  

The cumulative growing season precipitation is plotted along the second vertical axis. You can see that high index values (which indicate increased drought vulnerability) can still be achieved during years characterized by high precipitation.  This further substantiates the need to capture the soil water deficits that occur during the critical crop growth stages, and that agricultural drought can not be assessed simply through precipitation deficits or surpluses.


Preliminary Results
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These histograms show the differences in the spread of the index values between a low awc and a high awc soil aver a span of 30 years.


Preliminary Results
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These  boxplots further stresses the difference in the distribution of index values between three soils of varying water holding capacity, and you can see that the low awc soil has a much larger spread than the high awc soil.
The interquartile range box represents the middle 50% of the data.
The middle line represents the median.  50% of the index values are less than or equal to this value.
The top line represents the third quartile.  75% of the index values are less than or equal to this value.
The bottom line represents the first quartile.  25% of the index values are less than or equal to this value.
The upper whisker extends to the maximum index value within 1.5 box heights from the top of the box and the lower whisker extends to the minimum index value within 1.5 box heights from the bottom of the box.
The stars denote outliers, or the index values that are beyond the upper whisker in this case.

Although we still need to formally run statistics, these boxplots show that the index values follow several expected trends.  The index values increase as the soil water storage decreases.  Also, the spread of the index values is quite a bit larger for the low awc soil than for the high awc soil.


Methods: Objective 3
Prediction Map

Develop the agricultural drought risk prediction
map
Delineate polygons that represent the land area

applicable to each weather station

Soils data from a SSURGO soil polygon will be
combined with the climatic data from the representative
station

Each soil polygon with similar characteristics within the
boundary of the same climatic station will be assigned
the same drought vulnerability index
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To implement the drought vulnerability index statewide, long-term daily climatic records for a location are needed.  For a given location without a weather station, data from the nearest representative station will be used.  To determine which nearby station is representative, an analysis will be done based on distance to the station, barriers between the location of interest and the station, elevation difference between the station and location of interest, and occurrence of any other factors that may impact the use of the station.  This analysis will result in polygons that represent the land area represented by each weather station.  

We recognize that there’s variability between weather stations and we’re looking at ways to deal with it.  However, for the purposes of this project, where the drought vulnerability index is based on long-term weather fluctuations, the selection of a representative station appears reasonable.  

To implement the model for a given location, data from SSURGO soil polygon will be selected along with data from the representative climate station and entered into AquaCrop to calculate an index. Each soil polygon with similar characteristics that falls within the boundary of the same climatic station will be assigned the same drought vulnerability index.



What's Next

Continue AquaCrop validation
Continue processing the index values

Finalize the relationship that relates the seasonal
stress index to relative yield decreases

Develop prediction map
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We’ll continue processing seasonal index values for Pennsylvania soils.  Also, we’ve been working on developing a relationship that relates the seasonal stress index to a relative yield decrease and hope to finalize this relationship soon.  For example, a index value between 20 and 25  will likely lead to a 30 percent decrease in potential yield, or an index value between 45 and 50 will likely lead to a 50 percent decrease in potential yield, etc.

And we’ll work on the delineation  of the representative area for the applicable climate stations and the development of the drought risk prediction map for the 9 county transect
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