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= - Modeling the Effect of Coastal Fog on the Growth of Strawberries-
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In 2017, California agriculture contributed $20.56 billion to the state’s economy, ‘_. Figure 7. Average monthly summertime
California Elevation Map fog climatology for Monterey Bay in 2015.

and continues to be a major exporter of almonds, dairy, pistachios, and strawberries. . S Salinas )

11.2% of US agricultural products are grown in California. The State produces 91% ~2USGS inland farm Average coastal low cloudiness and fog
. . - j 2o . science for a changing world > T I o

of the nation’s strawberry crop, valuing nearly $3.5 billion a year. Vg S —H¢ (CLCF, %) was calculated for each month

Latitude

| k4 R .
——N The National Land Cover Database between May and August in 2015.

EXPLANATION

Today, irrigation for California’s
. Figure 1. Strawberry Production by State
agriculture demands 40% of the s Y ’ orownon
state’s water supply. California’s | : W : TR — iy

Developed, open space Shrub/scrub

primary source for water depends T - WY T

- Developed, medium intensity Hay/pasture

on the annual precipitation rate, L S it — et — Mo

however in recent years, drought s s
conditions have caused a
significant water shortage
threatening crop yields.

California

In particular fruits with shallow root systems, for example strawberries, are
susceptible to drought and extended water-stress conditions.? When strawberry 1218 1216 1214

plants do not receive the required amounts of water from the beginning of the Figure 2. Map 1: 5 km resolution map Figure 3. United States Geological Survey’s National Land ongltude
growing season to harvest, the total fruit production can be decreased by up to 80%.3 showing the different elevation profiles in 150 Cover Database based upon Landsat 5 Satellite Imagery.
m vertical increments.

B Const Figure 8. Average (a) monthly,
Qinland (b) seasonal, values of coastal

low cloudiness and fog (CLCF,
%) observations derived from
- . ‘ | -i .| satellite imagery at the coastal

sy September and inland farm locations in
Coast 2015

Inland

6 a. Monthly

To increase crop yields properly installed irrigation systems are needed to offset the
transpiration rate of surface water. However, irrigation, despite being fundamental for
strawberry crops, is limited by the current rise in water demand.* As a result, there is
a need for the development of better water management practices and an improved Y
understanding of local weather conditions, in order optimize plant water use | S | b 1 1 b. Seasonal
efficiency. NP NRE 1Y ‘ ‘

Average monthly CLCF (%)

80
60 - ;
20 ¥ K

Fog and all other weather occur in the

troposphere, the lowest layer of the earth’s te . -;. P g 5 " 0

atmosphere. . . - Harrr | ' * Land Cover Map of California
Coastal Fog is a near ground marine : N

Daily average CLCF (%)
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stratocumulus sheet of Fog (see satellite The flgure§ e_lbove are from.the paper Coastal low clo”udlness and fog enhance crop
Land Cover Classes water use efficiency in a California agricultural system” and demonstrate that fog is

' f
image on left), a blanket of clouds formed by L present within the strawberry growing region throughout the growing season. The

the rise of cold ocean water. ' o - AL - " B cunetea cops ) , _
; AR ¢ Soa — B . corcenines Forest second figure shows the difference of cloudiness and fog between the coastal and

Summertime fog is very unique for rLl Sk - AP . e dous Fores . . . .
J 4 . ' §" ' | —jo. inland region. The authors showed that coastal farm regions have preferable growing

California and created by the cold coastal g : A L AP : "
! ! Y ' b L : L_] wetiancs conditions due to the reduced water demand of strawberry crops as a result of fog

ater temperatures meeting the warm soil o o iy I sarven Lan : . - .
W P J ' £y - : | [ stwus events. This clearly explains why in Figure 9. (below) the Monterey Bay, where fog is

majorly present, is a primary growing region for strawberries.

inland. o A\ . : _ ' ’ g |:|Pasture/Grassland
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Yellow numbers indicate the percent each state contributed
to the total national acreage. States not numbered
contributed less than 1% to the national total.

Figure 9. Strawberry
Production areas of the

The goal of this project is to study the impact of coastal fog on the growth of . ' : o 5 e ' \, United States.
strawberries in California. - erray

Research Question

Does coastal fog have an impact on strawberry production in California?

| =" & » Figure 4. Land Cover Type Map of . e wre ot s \
Hypothe SIS . 4 5 California, representing 9 dlffe_rent Land ikt B e &
_ , _ | 5 Cover Types to match the available Lego national acreage. _ Bl Mioor Strawberry Area
| hypothesize that coastal fog events will enhance the growth of strawberries. : ® Major and miser aress cammbined accout for 99% ~
. . . . . . . COlor pleces e Major and minor areas a:d state acreage percentages USDA World Agricultural Outlook Board
The areas with increased production of strawberries will geographically overlap with _ _ . . _ are derved from NASS 2007 Censusof Agricultre dta. s Joint Agricultural Weather Facilty
individual Lego pieces to represent CA’s Land Cover Types. The =
- - e w - Conclusion
M . I d M h d map it not to scale being 5 km per Lego Piece with an elevation of
ate riais an et oas 150 meters per piece. Unfortunately due to the limited amount of In my study | was able to demonstrate that coastal fog has a significant influence
1. GIS map: Lego pieces and the plywood board size available we were not able on strawberry production. There are two major effects contributing to the enhanced
' ) : : : to use the same vertical and horizontal resolution. lant growth and str rry yields.
« Computer installed with ArcGIS Version 10,.4.1 plant growth and strawberry yields
2. 3-Dimensional Lego Model Map: | . e The first one is the fog buffers the drying of soil by increasing the region’s
* Plywood board (4”’x 7°6”), humidity. Strawberry plants consequently demand less water during fog events
« Over 32,000 individual single Lego pieces, plates and decorations | and experience reduced atmospheric water stress. As a result increasing water
3. Fog Machine: : ‘ ; uptake from the air enables the adjustment of irrigation systems accordingly to
- Dry Ice, Cooler, Hose, Duct Tape, Boiling Water, Hammer, Safety Glove 5 ' . ¥ ¥ ™ . the plants water needs. This decreases the need of irrigation water supply.
_ _ | _ : SEk L | ‘ - Secondly, the shading effect by fog increases crop water use efficiency due to
The first part of my project was to use Geographic Information System (GIS) to Al TR 4., TR | the reflection and scattering of light back into the atmosphere. This lowers the
digitally color a 5 km raster size elevation map of California to make the different ' ‘ 3 TR % : . _ \ F.58 evapotranspiration rates of water, decreasing irrigation water use.
elevation profiles more easily recognizable. = | 3 Fia'd W[ 2 |
| then imported the United States Geological Survey’'s (USGS) 2006 National Land | w 1} : | Refe rences:
Cover Data (N LCD) Map into the software a_nd reclassified the land cover classes to = - ) ‘ b ;| ‘ | . 5 . 1. Baguskas, Sara A., et al. “Coastal Low Cloudiness and Fog Enhance Crop Water Use Efficiency in a California Agricultural System.”
match the color code of the available Lego pleces. ‘ ~ > Agricultural and Forest Meteorology, vol. 252, 2018, pp. 109-120., doi:10.1016/j.agrformet.2018.01.015.
' 2. California Agricultural Production Statistics. California Department of Food and Agriculture, cdfa.ca.gov/statistics/.
Secondly, | built a dry ice fog machine to simulate the path coastal fog was taking : | . 2: Déﬁii{biiﬁri‘;iﬁﬁﬁﬁrZ”“’A;Z[,‘,’[;ZQ’ngCem‘E?ZS ere of Brought on Frut Crops, Michele Warmun:
from sea further inland. | was able to do so by using the 3 Dimensional Lego map | ., e
model to observe the regions where the stimulated fog enters and accumulates. - 4 <&
The final step was literature research on strawberry water-use related to plant growth - T = ACknOWIngements
in California. et ™ ' ; | would like to thank my mentor Jennifer Harfman and Professor lan Faloona, the California
' ' 24 Space Grant Consortium, and the AggieMentors program for their generous funding support to
carry out my project.




