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Objective

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

e Occurrences of wildfires (WF)
e Wildfire size (WFS).
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Study area : Southeast united States (SE-US)

Temporal scale: 1992- 2009 (May - November)

Coarse analysis
1/8™ degree resolution

Localized analysis
30 m resolution




General aspects

Soil Moisture (SW)

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.




Wildfire (WF)

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 Size (WFS)

= The number of acres burned in a WF-event

BSBR  \vildfire Size Categories

WEF Category WEF Size range (acres)
A 0-0.25
0.25-9.9
10 - 99
100 - 299
300 — 999
1000 — 4999
5000 - Larger




WF >= 15 acres = Large WF

WF Category WF Size range (acres)
A 0-0.25
0.25- 9.9
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100 - 299
300 — 999
1000 — 4999
5000 - Larger

DATA and METHODS




DATA

=  Soil Moisture

=  Wildfires

Soil Moisture Content Data
(1992-2009)

Land Data Assimilation Systems (NLDAS)

Goddard Earth Sclences Data
GES DISC rund Information_Services

“Ildll o annl *
Data Type (Shon Name) Description
Havigatlon || Search NE“'"‘"“ an)

MLOAS-1, 0125 degree, Nordh Amenca




—

LIS software'

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

GRI Geoportal

Mosaic
Gridded Binary (GRIB)

1 day file

- High-resolution Vegetation and
Soil coverages

- Pp gauges observations
- Satellite data

- Radar Pp measurements

Land Data Assimilation Systems
(NLDAS) - 1979-Present

The accuracy of Data is high

24 GRIB FILES ( 1 file /hour)

Gridded Binary




=] NLDAS_MOS0125_H.A19950104.2300.002

GRIB FILE HLDAS MOS125_ H A19950104.2300.002...
Arrays

(1 File / hour)

columns

lahoma 7 Tefinessee /f?dorhCarolin
Arkansgs ¢ ]

Ve AN

\@ssissip/p'

33 Layers-

:': Parameters

Grid size=1/8™ degree resolution

:
224 rows L
A
)
I

Array:
(2 NLDAS MOS0125 H.A19910100,0000.002

[464 col * 224 rows * 33 Layers]

GRIB - Parameters data

North America Land Data Assimilation System Phase 2 (NLDAS-2) Products README

Minimal stomatal resistance Howurly backward-averaged

33 Root zone s5oil moisture Hourly backward-averaged

Layers
(GEIEMEICIES))

Sublimation (evaporation from snow) W/m’ Hourly backward-averaged

Sensible heat flux W/m” Hourly backward-averaged

Snmow depth Hourly instantaneous

Smow phase-change heat flux W/m*2 Hourly backward-averaged

Smow melt Hourly backward-accumulated

Snow cover ? Hourly instantaneous

0-10 cm layer 1 Soil moisture content Hourly instantaneous
0-100 cm top 1 meter Soil moisture
content Hourly instantaneous
0-200 cm total column Soil moisture

content Howurly instantaneous

10-40 cm layer 2 Soil moisture content Hourly instantaneous

40-100 cm layer 3 Soil moisture content Hourly instantaneous
100-200 cm layer 4 Soil moisture
content Hourly instantaneous

Surface runoff (non-infiltrating) Hourly backward-accumulated

Transpiration W/m” Hourly backward-averaged

B MATLAB




Wildfire Data (1992 — 2009) @ @
Summer season =

24,064 WF >= 15 acres

METHODS




METHODS

Land Data Assimilation Systems
(NLDAS) Data Analysis Workflow

DATA EXPLORATION AND TREATMENT

Downloaded GRIB /
DATA -Data Parameters detected in GRIB files
(NLDAS- Mosaic) (Gridded Binary) MATLAB

- PDS IDs: 179, 84, 162, 161, 234, 181, 223

I NET/CDF 205, 204, 199, 200, (33 Parameters)
RI GRIB READER

Geoportal 86(0-40cm): Soli Moisture content (K

148: Average skin surface temperature

ALGORITHMS (scripts) VISUALIZATION, DATA ANALYSIS
AND MODELING

1) DAILY AVERAGE
1) VISUALIZATION

2) AUTOMATED DAILY AVERAGE DATA
ARRAGEMENT 2) DISTRIBUTION

3) LATITUDE-LONGITUDE
ADJUSTMENT 3) STATISTICS

4) MOVIES 5) AUTOMATIZATION

6) OUTPUT, OBSERVATIONS,
CONCLUSIONS AND
RECOMENDATIONS

Predefined Preparation
process

GRIB Data Selection and Treatment Algorithms in
MATLAB

-, days GRIB files
Original B 7

Data =] NLDAS_MOS0125_H.A19950108.0000002  GRE File -Extract SW Data
2] NLDAS_MOS0125_H.AL9950104.0000.002... XML Document - Reduce the data

|Z| NLDAS_MOS0125_H.A19950104.0100.002 GRB File

1992 (2] NLDAS_MQS0125_H.A19950104.0100.002.... ML Document
(2] NLDAS_MOS0125_H.A19950104.0200.002 GRE File

NLDAS_MOS50125_H.A19950104.0200.002. XML Document

HOURLY. 24 GRIB /day
GRE File 33 Layer (SW)

Treated
Data

1 GRIB /day
DAILY 1 Layer(sw)
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AGGREGATED DATA = [Soil Moisture & Wildfires]

5 DISCOVERY_ DISCO! DISCO T _CAUS STAT_CALFPU_NAN LATITUDE LONGITUDE lon adj lat adj Dayl Day2 Day3 Dayd Day5 Day6 Day7
68.00 C 2000 7/25/2000 207'1500 1 Lightning South Flog 25.21706500000 -81.10447600000 -81.0625 25.1875| 148.73 14873 148.84 149,02 14912 14914 149.14
20.00 C 1997 7/13/1997 1941530 1 Lightning South Flo§ 2523735900000 -80.77741100000 -80.8125 25.1875| 148.09 148.09 14817 148.33 14840 14842 148.42
61.50 C 2006 7/17/2006 1981800 1 Lightning South Flog 25.28849600000 -80.64918500000 -80.6875 25.3125 0.00 0.00 0.00 0.00 0.00 0.00 0.00
17.10 C 2007 7/20/2007 2011520 1 Lightning South Flog 25.28890000000 -80.65360000000 -80.6875 25.3125 0.00 0.00 0.00 0.00 0.00 0.00 0.00
290.00 D 2003 7/25/2003 2061525 1 Lightning South Flog 25.29923000000 -80.72845000000 -80.6875 25.3125 0.00 0.00 0.00 0.00 0.00 0.00 0.00
22.50 C 2002 9/1/2002 2041615 1 Lightning South Flog 25.32450500000 -80.72266400000 -80.6875 25.3125 0.00 0.00 0.00 0.00 0.00 0.00 0.00
118.00 D 2005 7/23/2005 2041715 1 Lightning South Flog 25.32730600000 -80.80923300000 -80.8125 25.3125 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1000.00 F 2000 6/7/2000 139 1 Lightning South Flog 25.33810000000 -80.51630000000 -80.5625 25.3125 0.00 0.00 0.00 0.00 0.00 0.00 0.00
46.00 [ 2002 9/1/2002 241615 1 Lightning South Flo{ 25.34247800000 -80.78235300000 -30.8125 25.3125| 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1046.00 F 1997 3/7/1997 2131630 1 Lightning South Flo{ 2534506800000 -80.87228100000 -30.8125 25.3125| 0.00 0.00 0.00 0.00 0.00 0.00 0.00
41.00 C 1998 6/30/1998 1811100 1 Lightning South Flo{ 25.34783400000 -80.71615900000 -80.6875 25.3125) 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1509.00 F 2005 8/6/2005 2181530 1 Lightning South Flo{ 25.34952300000 -80.76003800000 -30.8125 25.3125) 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2161.00 F 2003 8/18/2003 2301430 1 Lightning South Flo{ 25.35242900000 -80.55102300000 -80.5625 25.3125| 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1300.00 F 2003 8/15/2003 231 1 Lightning South Flo{ 2535277998900 -B0.54945002500 -80.5625 25.3125) 0.00 0.00 0.00 0.00 0.00 0.00 0.00
250.00 D 2004 6/14/2004 166 7 Arson South Flo§ 25.35277998900 -80.42055998400 -80.4375 25.3125 0.00 0.00 0.00 0.00 0.00 0.00 0.00
224.00 D 2001 6/22/2001 1731700 1 Lightning South Flo{ 2535643400000 -B0.73824400000 -80.6875 25.3125) 0.00 0.00 0.00 0.00 0.00 0.00 0.00
17.80 C 1999 6/22/1999 1731600 1 Lightning South Flo{ 2535889500000 -B0.66756700000 -80.6875 25.3125) 0.00 0.00 0.00 0.00 0.00 0.00 0.00
11300 D 2000 o/7/2000 25171515 1

lightning South £lod 25 25009000000 -9087771100000 909375 252125| 000 om0 A0 noa QW 000 o0

B 00 BLATI0000  RLAT 0
AN
a1 00
B2 T L BOOTD

Data Size Reduction --> Improve computation efficiency and storing

ET|

DATAS

datafull .UNIT HAME = nominal (datafull.UNIT WAME);
datafull.S5TAT_CAU_1 = nominal (datafull.STAT_CAU 1);
datafull.FPU = nominal (datafull.FPUO

ratingScale
{'c*,'D',"E', 'F c

datafull.FIRE SIZE =ordinal (datafull.FIRE S5IZE , ,ratingScale) ;

%% | CHANGE DATES into MATLAB numbers
datafull.DISCOVERY = datenum(datafull.




STATISTICS & COMPUTATIONS OF INTEREST

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

Mean, Median, Mode
S.D.

Water Deficit & Surplus
SW Deficit

SW lag values

Etc.

Example
* WF event on day 234
* Location:

Latitude X
Longitude Y

1991-2009

[/

SW- value of Day 234

SW — mean of day 234
1992

1992-2009




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

—— SW1992

200(— —— SWmean (1992-2009)
SWmax1992
- -~ SWmin1992

| | | | | | | | | | |
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SW-1992 Deficit and Surplus

I
—— SWmean - SW1992
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WEF-events and Soil Moisture (SW) : 1992-2009
WEFS-Category: D
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WF Events Location 1992-2009 WEFS (acres)

15-99ac -

5000-larger

WFS Temporal Distribution (Day of the Year) vs Magnitude
Data: 1992 - 2009

¥
[
e D
4.5+ ® E
* * F
* G
¥
a4
¥
35—

w
T

o+

WFS (acres)
T

N
T
*




Soil Moisture (SW) mm
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SW Scatter Histogram
1992:2009 - Category E

SwW
y mean
y median
y mode

In all Categories the SW-

SW (mm)

mode is significant lower
than the mean and median
those are relatively close.

Most of the WF occurred

w0 when SW-level was low.

Wildfire Size (WFS) acres

WFS Scatter Histogram
1992:2009 - Category E
T T T
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SW Boxplot sorted by year

Category C
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SW and WFS
Box plots (Data:1992-2009)

1962- 2008
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SW Probability Plot — Category C

SW Probability Plot

1992 : 2009
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WFS Probability Plot - Category E

WFS Probability Plot

1992 :2009
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SW-1992 vs. SW-mean (1992:2009)
Soil Moisture Trend - 1992
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SW-1992 vs. SW-mean (1992:2009)
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Water volume (m3)

x 10

Water Deficit and Surplus (m3)

1992 - Category D
T T

T
I \V aterDeficitM3

-103'901,701.08 M3
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Day

#WFsC =1887
Water Deficit = - 29748'318,437 M3
Acres bumed = 65,958

0

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

#WFSsE =132
Water Deficit = - 57928'712,868 M3
Acres bumed = 65,418.8

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




Soil Moisture -SW- (mm) -1992:2009
max | mean | median | mode
190.2 | 102.3 107.6 44.0
190.0 | 103.0 105.2 28.0
190.2 | 102.2 101.0 41.0
183.0 | 100.0 97.3 44.0
1825 | 95.7 85.7 84.0

Wildfire and Wildfire-size -WFS (acres) - 1992:2010
max mean | median | mode std range | No Wildfires | Acres burned
99.7 34.0 26.0 15.0 19.8 84.7 199650 | 678728.0
2990 | 1560 | 1500 | 1000 | 525 | 199.0 2737.0 427950.0
9950 | 493.0 | 4500 | 3000 | 177.1 | 695.0 1030.0 508229.0
4900.0 | 1955.0 | 1700.0 | 1000.0 | 92939.0 | 3900.0 402.0 785838.0
49500.0 | 11320.0 | 7680.0 | 5000.0 | 9279.0 | 44500.0 73.0 355648.0




What's Next [SW-GRIB + WF] analysis?

*Aggregate Soil data to current data to evaluate the relationship
among SW, WF and solil 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

Weather

217 i"al.':o_-- 4 ﬁ

Landcover

Water Drainage
(gauges)

Criteria to select the Areas to evaluate

WF-events Density maps




1993
1386 WF

1995
1070 WF

1998
2050 WF

1999
1966 WF

2000
3176 WF

2006
2723 WF




Wildfire-events Density Plot (1992-2009)
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WEATHER

Watershed Parameter Computations

Soil & Water SWAT
I Assessment Tool

!

OUTPUT

Eduardo Arias




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

HYDROLOGICAL PARAMETERS COMPUTED

Variable name

Definition

SUB

Subbasin number.

GIS code reprinted from watershed configuration file {.fig). See explanation of subbasin command.

Daily time step: the julian date, Monthly time step: the month (1-12), Annual time step: 4-digit year, Average annual
summary lines: number of years averaged together

Area of the subbasin (km2).

Total amount of precipitation falling on the subbasin during time step (mm H20).

Amount of snow or ice melting during time step (water-equivalent mm H20).

Potential evapotranspiration from the subbasin during the time step (mm H20).

Actual evapotranspiration from the subbasin during the time step (mm).

Soil water content {mm). Amount of water in the soil profile at the end of the time period.

Water that percolates past the root zone during the time step (mm). There is potentially a lag between the time the water
leaves the bottom of the root zone and reaches the shallow aquifer. Over a long period of time, this variable should equal
groundwate

Surface runoff contribution to streamflow during time step (mm H20).

Groundwater contribution to streamflow (mm). Water from the shallow aquifer that returns to the reach during the time
step.

Water yield (mm H20). The net amount of water that leaves the subbasin and contributes to streamflow in the reach
during the time step. (WYLD = SURQ + LATQ + GWQ - TLOSS — pond abstractions)

Sediment yield (metric tons/ha). Sediment from the subbasin that is transported into the reach during the time step.

Organic N yield (kg N/ha). Organic nitrogen transported out of the subbasin and into the reach during the time step.

Organic P yield (kg P/ha). Organic phosphorus transported with sediment into the reach during the time step.

NO3 in surface runoff (kg N/ha). Nitrate transported by the surface runoff into the reach during the time step.

Soluble P yield (kg P/ha). Phosphorus that is transported by surface runoff into the reach during the time step.

Mineral P yield (kg P/ha). Mineral phosphorus attached to sediment that is transported by surface runoff into the reach
during the time step.




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

time slep | wnmam-hmmwwu-m_
v the J Ot long peviod ol time, this variable should el

ing lime 316 [men HIOL.

. W feom the shalk

4 the sebbusin

i § Step.

kg Mihal. Notrate b the surface runolf into the reach during the time sten.

Iy by sertace runalf inta the rrich durisg the time shep

Miisatral P ybeidd (kg Prha). Mineral phoagiorus attached 1o sediment that i tranagorted by sarface runoff into the resch
during the time step.

Aggregated Data
4

Wildfire data: SW -SWAT output:
Concatenated by Date and
Subbasin
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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

WEF 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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Soil Moisture influence in the occurrences of Wildfires in
the Southeast of United States

Eduardo Arias




