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Objective

Analyze the influence that soil moisture content 
(SW) has over:

 Occurrences of wildfires (WF)

 Wildfire size (WFS).
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Study area : Southeast united States (SE-US)

Temporal scale: 1992- 2009 (May - November)
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General aspects

 SW is the water that is held in the spaces between soil particles.

 Compared to other components of the hydrologic cycle, the volume 
SW is small.; nonetheless, it is of fundamental importance to many 
hydrological, biological and biogeochemical processes.

 Soil moisture is a key variable in controlling the exchange of water 
and heat energy between the land surface and the atmosphere 
through evaporation and plant transpiration.

 Soil moisture information can be used for reservoir management and 
early warning of droughts. 

Soil Moisture (SW) 



 A Wildfire is any uncontrolled fire  in combustible vegetation that occurs 
in the countryside or a wilderness area such grassland, bushland, 
scrubland, and other wooded areas that act as a source of fuel, or 
combustible material. 

Wildfire (WF)

Wildfire Size (WFS)
 The number of acres burned in a WF-event

US  Wildfire Size Categories

WF  Category WF Size range (acres)

A 0 – 0.25

B 0.25- 9.9

C 10  - 99

D 100  - 299

E 300 – 999

F 1000 – 4999

G 5000 - Larger

Wildfire Size Categories 



US  Wildfire Size Categories

WF  Category WF Size range (acres)

A 0 – 0.25

B 0.25- 9.9

C 10  - 99

D 100  - 299

E 300 – 999

F 1000 – 4999

G 5000 - Larger

WF >= 15 acres  Large WF 

DATA  and  METHODS



DATA

 Soil Moisture

 Wildfires
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Land Data Assimilation Systems (NLDAS)

Soil Moisture Content Data 
(1992-2009)
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Land Data Assimilation Systems 
(NLDAS)    1979-Present

L I S software

- High-resolution Vegetation and 
Soil coverages 

- Pp gauges observations

- Satellite data

- Radar Pp measurements

Uses observations not affected 
by Numerical Predictions-NP 
(Avoid biases generated of NP)

The accuracy of Data is high

Mosaic 
Gridded Binary (GRIB )

GRI Geoportal

1 day file
24 GRIB FILES ( 1 file /hour)

Gridded Binary 



Texas
Georgia

Oklahoma

Alabama

Arkansas
Tennessee

Florida

Louisiana

Mississippi

North Carolina

South Carolina

Ecological Map 
Level IV (23)  - E P A464 columns 

224 rows

GRIB  FILE
Arrays

(1 File / hour)

33 Layers-
Parameters

Grid size=1/8th degree resolution

GRIB   - Parameters data

Array:

[464 col * 224  rows * 33 Layers]

33
Layers
(Parameters)



Wildfire Data (1992 – 2009)
Summer season

24,064  WF >= 15 acres

METHODS



METHODS

days

days
Original

Data

Treated
Data

GRIB files

Algorithms in 
MATLAB

HOURLY.

DAILY

GRIB Data Selection and Treatment

1 GRIB /day
1 Layer (SW)

24 GRIB /day
33 Layer (SW)

-Extract SW Data
- Reduce the data  





AGGREGATED  DATA = [Soil Moisture & Wildfires]

Data Size Reduction  - Improve computation efficiency and storing  



- Mean, Median, Mode
- S.D.
- Water Deficit & Surplus
- SW Deficit
- SW lag values
- …
- Etc.

STATISTICS   &   COMPUTATIONS  OF  INTEREST

-At each WF-event location
- Period: 1992-2009

SW  mean
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Example

* WF event on day 234

* Location:
Latitude X
Longitude Y

SW- value of Day 234
1992

SW – mean of day 234
1992-2009

Day 
233
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SWmean (1992-2009)
SWmax1992

SWmin1992

SWmean - SW1992

SW-1992 vs. SW-mean (1992:2009)

Day 155 Day 185
May Nov

SW-1992 Deficit and Surplus

WF-events and Soil Moisture (SW) : 1992-2009
WFS-Category: D



WF Events Location                 1992-2009                WFS (acres)

15-99 ac

100-299 ac

300-999 ac

1000-4999  ac

5000-larger
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- In all Categories the  SW-
mode is significant lower 
than the mean and median 
those are relatively close.

- Most of the WF occurred 
when SW-level was low.

Soil Moisture (SW) mm
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WFS

   wfs mean
   wfs median

   wfs mode

Wildfire Size (WFS) acres
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SW Boxplot sorted by year
Category  C
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SW Boxplot sorted by year
Category  E 
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Boxplots
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WFS Boxplot sorted by year
Category  E
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WFS 
Boxplots
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Boxplot WFS – Category C
1992 - 2009
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Boxplot WFS – Category E
1992 – 2009
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Boxplot WFS – Category F
1992 – 2009
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SW data

   8th degree
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WFS data

   cubic

20 40 60 80 100 120 140 160 180 200
0

0.001

0.002

0.003

0.004

0.005

0.006

0.007

0.008

0.009

0.01

Data

D
en

si
ty

SW  Density Plot E
1992 :  2009

 

 

SW data

   8th degree

300 400 500 600 700 800 900 1000
0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

x 10
-3

Data

D
en

si
ty

WFS  Density Plot  - E
1992 :  2009

 

 

 
y = - 1e-011*x3 + 2.6e-008*x2 - 2.2e-005*x + 0.0068

WFS data
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SW data

   6th degree
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SW data

sw fit

SW  Probability Plot – Category C
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WFS data
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WFS  Probability Plot - Category E
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SW-1992 vs. SW-mean (1992:2009)
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WaterDeficitM3

-103'901,701.08 M3
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Water Deficit

WF events

C
# WFs F     = 56
Water Deficit = - 62086'060,523 M3
Acres burned = 102,786

# WFs E     = 132
Water Deficit = - 57928'712,868 M3
Acres burned = 65,418.8

E

# WFs D     = 402
Water Deficit = - 22103'721,804 M3
Acres burned = 60,165

D

# WFs C     = 1887
Water Deficit = - 29748'318,437 M3
Acres burned =  65,958

C





What’s Next [SW-GRIB + WF] analysis?

•Aggregate Soil data to current data to evaluate the relationship
among SW, WF and soil characteristics (soil type, hydrologic groups,
etc) 

•Aggregate Landcover data to current the relationship among
Landcover vigor, SW and WF-events.

WATERSHED  ASSESSMENT
OVERVIEW



WATERSHED  ASSESSMENT
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Criteria to select the Areas to evaluate

WF-events  Density maps



1992

1993

1996

1994

1995

471  WF

456  WF

1070  WF

1386  WF

476  WF

1997

2000

1999

1998

819  WF

1966  WF

3176  WF

2050  WF

2006

2723  WF



Wildfire-events  Density Plot (1992-2009)

Wildfires Density map (Kernel)  &   Reaches 



Watershed Parameter Computations
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Summer Wildfires>= 15 ac  and  Subbasins
Temporal scale: 1992 - 2009 



Summer Wildfires>= 15 ac  and  Subbasins
Temporal scale: 1992 - 2009 

Aggregated Data

SW -SWAT output:
Concatenated by Date and 
Subbasin

Wildfire data:



Indicators Hydrology Alterations

HYDROGRAPHS OF 
DISCHARGE GAUGES

Date: 09/14/1997

Wildfire location



Date:  07/14/2000 - 07/16/2000 - 07/24/2000
07/26/2000  - 07/27/2000

Preliminary Conclusions 

 Soil moisture content (SW) have significant influence in the occurrences of 
wildfires/

 SW does not have direct influence in the wildfires size; the values of SW do 
not vary significantly at any of the WFS categories. 

 The number of “small wildfires” (WF) occurrences is significantly larger than 
the number of “large WF” but the summation of acres-burned and damage 
generated by large WF regularly is larger than smaller WF.

 The frequency of “small” WF-event is larger than the frequency of   “large” 
WF-event in all of the WFS-categories (C,  D,  E,  F  and  G).



 Hydrographs and Environmental flow components show that most of the 

WF occurred after a decreasing SW-lag period.

 The standard deviation observed during the period study show that the 
values at each WF-location do not vary significantly. 

Further study

• Complete a watershed assessment at high, middle and low WF-
activity regions.

• Calibrate the model and complete sensitivity analysis to predict SW-
activity.
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