
 

 
Abstract—Increasingly severe wildfires pose significant dangers to 
ecological, social, and economic systems. To curtail the risk of ig-
niting wildfires, California utilities employ the Public Safety 
Power Shutoff (PSPS) program, which de-energizes transmission 
lines that run through wildfire-prone regions. In order to reduce 
the amount of load shedding required during PSPS events, this pa-
per explores the use of dynamic line ratings (DLR) to manage the 
current flows on lines that pose a high risk of igniting wildfires. 
DLR schemes determine line flow limits that change with ambient 
conditions. This paper uses DLR in combination with more restric-
tive ground clearance requirements during wildfire-prone condi-
tions to reduce the likelihood of wildfire-igniting faults from con-
ductors contacting vegetation. Using two case studies, this paper 
demonstrates the potential benefits of DLR in this context by com-
paring the tradeoffs between completely de-energizing lines versus 
imposing more stringent ground clearance requirements via re-
ducing current flows with DLR. Results from a large dataset rep-
resenting WECC with actual data regarding ambient conditions, 
load demands, and wildfire risks show that the proposed approach 
can significantly reduce load shedding due to de-energizing lines 
that pose high risks of igniting wildfires. 

Index Terms—Overhead lines, dynamic-line rating, ampacity, 
wildfire mitigation, unit commitment 

I.  INTRODUCTION 
ildfires have become increasingly intense phenomena 
due to drought conditions in regions such as Turkey, Por-

tugal, Spain, Greece, Victoria (Australia), and California 
(United States) [1]. Wildfires can significantly damage ecolog-
ical, social, and economic systems. For example, during the 
substantial drought conditions of 2011 in Texas, fires stemming 
from 31,457 total sparks burned four million acres and de-
stroyed 2,947 homes [1]. More wildfire catastrophes have oc-
curred since then, notably in California and Australia. The ma-
jority of wildfires in the United States are due to human-caused 
activities. Therefore, it is necessary to identify these human-
made threats and develop mitigation strategies accordingly. 
With increasing residential settlement in wildlands, holistically 
mitigating these wildfire threats is paramount. 

Electric power lines running through these environments 
pose the risk of igniting potentially catastrophic wildfires [2]. 
For example, the Pacific Gas and Electric Company (PG&E), 
California’s largest utility, indicated that one of its aging trans-
mission lines was the likely ignition source for the 2018 Camp 
Fire [3]. The Wall Street Journal reports that PG&E's electric 
infrastructure has sparked 1,500 fires since 2014 [2].  

To reduce the risk of wildfire ignitions, the California Public  

 
Utilities Commission approved the Public Safety Power Shutoff 
(PSPS) program that permits the de-energization of power lines. 
Under the PSPS program, customers could lose power during 
times when forecasts predict severe weather with respect to 
wildfire conditions. Utilities usually make decisions regarding 
line de-energization by using seven-day weather forecasts and 
the Fire Potential Index (FPI). FPI is a metric that quantifies 
whether vegetation in an area is dry enough to burn and sustain 
a wildfire. FPI is high when moisture in the air is low [4]. In 
October 2019, the PSPS program disconnected up to three mil-
lion people from power for as long as 72 hours. Hence, the pro-
gram was subject to intense backlash and criticism from cus-
tomers and government officials [2], [3].  

Many electricity-related wildfire ignitions are associated 
with power line faults via vegetation contact. High current 
flows through power lines exacerbate line sagging and hence 
reduce clearances between the conductors and nearby vegeta-
tion. Thus, high current flows increase the likelihood of vege-
tation-contact faults that can ignite wildfires. The Nuns Fire in 
2017 is an example of a wildfire ignited by vegetation contact 
[3]. The California Department of Forestry and Fire Protection 
blamed sagging power lines as the cause of this fire [5]. 

To manage the risk of faults due to vegetation contact, utility 
companies specify ground clearance requirements for their 
transmission lines. These clearance requirements are often 
based on the lines’ nominal voltages [6].  

In this paper, we aim to mitigate the risk of wildfire ignition 
by imposing more stringent ground clearance requirements for 
transmission lines. We ensure satisfaction of these clearance re-
quirements using a so-called Dynamic Line Rating (DLR) ap-
proach that adjusts the line flow limits using short-term fore-
casts or real-time measurements of the ambient conditions for 
each line. To characterize the potential benefits of this ap-
proach, we compare the combination of more stringent ground 
clearance limits and DLR to an alternative strategy of de-ener-
gizing the lines that pose a high risk of igniting wildfires.  

Compared to infrastructure hardening strategies, such as un-
dergrounding transmission lines, DLR provides an inexpensive 
approach for mitigating wildfire-ignition risks. Moreover, as we 
will show via case studies, the combination of more stringent 
ground clearance requirements along with DLR can signifi-
cantly reduce load shedding relative to a line de-energization 
strategy. Thus, the study conducted in this paper characterizes 
potential advantages of a DLR strategy. Highlighting our re-
sults, a case study combining a large-scale (10,000-bus) dataset 
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representative of Western Electricity Coordinating Council 
(WECC) with actual data regarding ambient conditions, load 
demands, and wildfire risks indicates that the proposed DLR 
approach can significantly reduce load shedding relative to an 
alternative approach which de-energizes lines that pose high 
risks of igniting wildfires.  

The significant reduction in load shedding from the proposed 
DLR approach motivates further analysis to quantify the 
amount of wildfire risk reduction achieved by various ground 
clearance requirements. Several relevant steps in this direction 
are provided in [7], [8], [9]. However, future work is needed to 
fully characterize the precise implications of various transmis-
sion line operational conditions with respect to wildfire-ignition 
risks. 

We also note that the DLR strategy in this paper fits into 
broader efforts by the power systems research community re-
garding wildfires. Researchers have proposed methods for de-
termining what equipment is at highest risk, collected historical 
data regarding wildfires and their grid impacts, modeled the im-
pacts of fires on utility assets, identified wildfire risks to the 
grid, and determined risk indicator metrics for equipment and 
nearby resources [10], [11]. Other related work investigates the 
use of fault-current limiters for wildfire-risk reduction [12]. Ad-
ditionally, power systems researchers have recently proposed 
an optimal transmission line switching strategy that selectively 
de-energizes high-risk transmission lines while minimizing the 
required load shedding [13]. An important direction for future 
work involves comparing various approaches for mitigating 
wildfire ignition risks. 

The rest of this paper is organized as follows. Section II pro-
vides an overview of DLR applications. Section III presents the 
mathematical formulation of our DLR approach for determin-
ing current flow limits based on conductor features, ambient 
temperatures, target conductor temperature, and time of day. 
Section IV formulates an AC optimal power flow (AC OPF) 
problem and a DC unit commitment (DC UC) problem that use 
dynamic line ratings to satisfy ground clearance requirements 
by managing the amount of line sagging. Section V describes 
and analyzes two illustrative case studies. Finally, Section VI 
concludes the paper and discusses future work.  

II.  OVERVIEW OF DYNAMIC LINE RATING 
System operators enforce limits on the amount of current al-

lowed to flow through transmission lines during steady-state 
conditions. These limits are based on the ampacity of the con-
ductor material, the amount of line sag permissible while satis-
fying ground clearance requirements, and system-wide require-
ments determined by contingency analysis, transient stability, 
and other system security applications. This paper considers 
line flow limits as determined by ground clearance require-
ments. Ground clearance requirements may restrict operation 
below the limits associated with the conductors’ material char-
acteristics. As an example, consider lines composed of alumi-
num-stranded conductor steel-reinforced (ACSR) material 
whose maximum allowable temperature is 90°C [14]. To satisfy 
ground clearance requirements, these lines are often operated 
with current flows that result in conductor temperatures be-
tween 40°C and 75°C [14]. 

System operators commonly use Static Line Ratings (SLR) 
for transmission line limits. SLR are changed infrequently (e.g., 
seasonally) according to worst-case assumptions regarding am-
bient conditions such as temperature and wind speed. Since 
SLR do not account for real-time ambient conditions, they do 
not always represent the actual line capacities. 

In contrast, DLR techniques account for real-time ambient 
conditions such as temperature and wind speed in order to more 
accurately characterize the permissible line flows [15], [16]. 
Prior applications of DLR have primarily focused on unlocking 
additional capacity on power lines to mitigate grid congestion. 
DLR approaches can also be used to avoid expensive installa-
tions of new lines or conductor upgrades [15], [16]. We propose 
the use of DLR for the alternative purpose of managing the risks 
of wildfire ignition from transmission lines. We specifically 
compare the de-energization of transmission lines versus the 
use of DLR to enforce more stringent ground clearance require-
ments while considering time-varying ambient conditions.  

III.  APPROACH FOR CALCULATING DYNAMIC LINE RATINGS 
To mitigate wildfire ignition risk, we propose a DLR ap-

proach that quantifies line current limits based on the maximum 
permitted line sag using conservative ground clearances recom-
mended by the US Forest Service. The permitted sag deter-
mines the respective target conductor temperatures using a 
mathematical formulation applicable to ACSR conductors. 
Once the maximum conductor temperatures are known, we cal-
culate the lines’ flow limits using the IEEE-738 standard [17]. 

A.  Ground Clearance Recommendations  
Currently, the California Public Resource Code (CPRC) rec-

ommends clearance of all vegetation for a specific radial dis-
tance from a conductor. This clearance varies with the conduc-
tor's nominal voltage. For example, vegetation clearance re-
quirements are 1.2 m for 2.4 kV to 72 kV lines, 1.8 m for 72 kV 
to 110 kV lines, and 3 m for all line voltages above 110 kV in 
high-fire-threat districts [6].  

Ground clearance requirements protect public safety and im-
prove electric system reliability. These requirements are in-
tended to prevent fire ignition due to arcing from conductors to 
ground, to other conductors, and to surrounding vegetation in 
forest-covered land. Table I shows the clearance distances pro-
posed in a US Forest Service study [6] for various vegetation 
types (e.g., grass, brush, forest trees) and pole materials (steel, 
aluminum, fiberglass, and wood). These ground clearances, 
which are intended to protect electrical equipment during a 
wildfire event, are more stringent than recommended clear-
ances from CPRC. In our case studies, we impose the more 
stringent clearance requirements in Table I to increase the dis-
tance between electrical equipment and surrounding vegetation. 

TABLE I 
CLEARANCES RECOMMENDED BY THE US FOREST SERVICE STUDY [7] 
Tower material 30 m tall crown fire clearance 

Wood 20 m 
Steel   5 m 

Aluminum   5 m 
Fiberglass 15 m 



 

B.  Maximum Allowable Line Sag and Conductor Temperature 
The maximum allowable line sag is computed by subtracting 

the ground clearances in Table I [6] from transmission tower 
heights, which are available via documentation from California 
utilities [18]. The next step in translating the maximum allowa-
ble line sag into a current flow limit requires the relationship 
between the line sag and the conductor temperature. Studies 
conducted by CIGRE yield the relationship between conductor 
temperature and line sag [19]. Fig. 1 shows this relationship for 
ACSR conductors. 

 

 
Fig. 1.   Relationship between conductor temperature (y-axis) and line sag (x-axis) [19]. 

C.  Current-Temperature Relationship for a Conductor 
The IEEE-738 standard for Calculating the Current-Temper-

ature of Bare Overhead Conductors [17] provides a method to 
determine the current that produces the maximum allowable 
conductor temperature as well as the conductor temperature as-
sociated with a specified current. The conductor temperature is 
a function of conductor-specific physical properties such as ma-
terial and diameter; ambient conditions such as temperature, 
wind speed, solar insolation; and heating from resistive losses 
due to the current flow through the conductor. 

The DLR computations in this paper are based on the steady-
state model in the IEEE-738 conductor temperature standard 
[17]. Table II gives the nomenclature for the parameters used in 
the equations that follow.   

 
TABLE II 

PARAMETERS FOR DLR CALCULATIONS 
Symbol Description Units 
Conductor 

A' Area of conductor per length  m2/m 
D Diameter of conductor mm 
Tc Conductor Temperature °C 

R(Tc) Resistance of conductor at temperature Tc Ω/m 
Solar properties – dependent on the location and time of day 

Qs Total solar and sky radiated heat flux rate W/m2 
HC Altitude of sun degrees 
Zc Azimuth of sun degrees 
Zl Azimuth of line degrees 
d Solar declination degrees 

Weather 
TA Ambient temperature °C 
Vw Wind speed m/s 

Atmosphere 
kf (TA,TC) Thermal conductivity of air based on TA, TC W/(m-°C) 
µf (TA,TC) Dynamic viscosity at based on TA, TC Pa • s 
rf (TA,TC) Air density based on TA, TC kg/m3 

We consider current flow limits that depend on the maximum 
allowable conductor temperature. Temperature characteristics 
for ACSR conductors are available from 50°C to 180°C [20]. 
To compute the conductor temperature, we use the equation for 
steady-state heat balance [17]:  

𝐼!𝑅"! + 𝑞# = 𝑞$ + 𝑞%        (1) 
Here, I is the current flowing through the conductor, RTc is the 
conductor resistance at TC, qs is the solar heat gain, and qc and 
qr are the convection and radiative heat losses, respectively. We 
compute heat losses and gains using the formulas provided in 
(2)–(5) as discussed in [17]. 
• The heat gain from solar irradiance on the conductor sur-

face, 𝑞!, is: 
𝑞# = 𝛼𝑄#𝐴′sin(𝜂),         (2) 

where 𝜂 = arccos	[cos(𝐻") cos(𝑍# − 𝑍$)], which depends on 
the sun's position at any particular time. The exact solar absorp-
tivity is dependent on the conductor age and the pollution level 
[21]. In our case studies, we select 𝛼 = 0.5. 
• At low wind speeds, the cooling effect from the wind is 

given by the convective heat loss equation: 

𝑞$ = 𝐾&"𝑘'(𝑇( − 𝑇)) 41.01 + 0.371:
*+#,"
-#

;
..0!

<. (3) 

In (3), 𝐾%! is a function of the angle 𝜑& between the conductor 
orientation and the wind direction: 𝐾%! = 1.194 − cos(𝜑&) +
0.194 cos(2𝜑&) + 0.368	sin	(2𝜑&). Without knowledge of 
the lines’ precise geographic orientations, the case studies in 
this paper consider a perpendicular wind direction to the con-
ductor axis, leading to a value of 𝐾%! = 1.0. The case studies 
also consider low wind speeds in the surrounding environment. 
• The release of heat into the conductor’s surroundings has 

a radiative cooling effect, modeled as 𝑞': 
𝑞% = 0.138𝐷𝜀 @A"!1!234..

B
5
− A"$1!23

4..
B
5
C .   (4) 

We consider an emissivity value of 𝜀 = 0.5 in our case studies. 
Note that 𝑘( , 𝜌( , 𝜇( are all dependent on 𝑇# 	and	𝑇). 

D.  Determining Line Flow Limits 
After calculating the maximum acceptable line sag, we com-

pute the corresponding dynamic line flow limits using (1)–(4). 
Contrary to SLR approaches which employ worst-case assump-
tions for the ambient conditions (wind, solar irradiance, temper-
ature) over an extended period, DLR limits are adaptable to 
time-varying ambient conditions. 

The paper uses real data on spatially and temporally varying 
wildfire risks to identify the lines that are most prone to igniting 
wildfires. For these high-risk lines, we use DLR to compute line 
flow limits that result in line sags which satisfy the stricter 
ground clearance requirements in Table I. 

IV.  POWER SYSTEM OPTIMIZATION PROBLEMS 

In this section, we apply the limits computed by the DLR ap-
proach from Section III to both an AC optimal power flow prob-
lem and a DC unit commitment problem. For both problems, 



 

the objective function and constraints are formulated in a tradi-
tional manner with the exception of current flow limits 𝐼$*+,- 
that are computed dynamically based on the ambient conditions 
as described in Section III. 

A.  AC Optimal Power Flow with Dynamic Line Ratings 
Let G, N, and L denote the sets of generators, buses, and lines, 

respectively. For each generator 𝑖 ∈ 𝐺, consider a convex quad-
ratic generation cost function with coefficients 𝑐./, 𝑐0/, and 𝑐1/. 
Load shedding is permitted at a high cost denoted by 𝛽. The AC 
OPF problem is: 
 
min	 ∑ (𝑐./𝑃2"

. + 𝑐0/𝑃2" + 𝑐1")/∈2 + 𝛽∑ 𝑃!45*,//∈7             (5) 
subject to: 

(for all 𝑖 ∈ 𝑁) 
𝑃2/ − 𝑃8/ + 𝑃!45*,/ − 𝑉/.𝑔!4,/ 	 

										= T𝑃$(𝑉, 𝜃)
$∈9"

 

𝑄2/ − 𝑄8/ + 𝛼/𝑃!45*,/ + 𝑉/.𝑏!4,/ 

												= T𝑄$(𝑉, 𝜃)
$∈9"

 

 
 
Bus Active Power Balance 
 
 
 
 
Bus Reactive Power Balance 

0 ≤ 𝑃!45*,/ ≤ 𝑃8/ Allowable Load Shed Range 

𝑉/+/: ≤ 𝑉/ ≤ 𝑉/+,- Voltage Magnitude Limits 

(for all 𝑙 ∈ 𝐿) 
|𝐼$(𝑉, 𝜃)| ≤ 𝐼$*+,- 

 
 
Dynamic Line Limits 

(for all 𝑖 ∈ 𝐺) 
 

𝑃2/+/: ≤ 𝑃2/ ≤ 𝑃2/+,- Active Power Limits 

𝑄2/+/: ≤ 𝑄2/ ≤ 𝑄2/+,- Reactive Power Limits 

𝜃0 = 0∘ Angle Reference 

 
where 𝑃$(𝑉, 𝜃), 𝑄$(𝑉, 𝜃) and |𝐼$(𝑉, 𝜃)| denote the active power 
flow, the reactive power flow, and the magnitude of the current 
flow on line l, respectively, as functions of the voltage magni-
tudes and angles, 𝑉 and 𝜃 (i.e., the power flow equations for 
line l); the set 𝐴/ contains the lines connected to bus i; 𝑃2" and 
𝑄2" are the active and reactive power outputs for generator i; 
𝑃8" and 𝑄8" are the active and reactive power demands at bus i; 
𝑔!4,/ and 𝑏!4,/ are the shunt conductance and susceptance at bus 
i; the variable 𝑃!45*,/ corresponds to the amount of load shed at 
bus i; 𝛼/ is a constant corresponding to a fixed power factor for 
the load shed at bus i; and superscripts max and min indicate 
upper and lower bounds on the corresponding quantities.  

We implement our case study simulations using the power 
system software package MATPOWER version 7.1 [22]. 
B.  DC Unit Commitment with Dynamic Line Ratings 

We also consider the application of DLR to DC unit commit-
ment problems in order to mitigate the risk of wildfire ignition. 
Let T denote the number of time periods. We minimize the sum 
of the fixed costs (𝑐1/<), convex quadratic production costs (𝑐./< 
and 𝑐0/<), startup costs (𝑐/<=>), and shutdown costs (𝑐/<=8) totaled 
over each generator 𝑖 and time period 𝑡. This formulation also 
permits load shedding at a high cost (𝛽), with the variable 
𝑃!45*,/< denoting the load shed at bus i in period t. Similar to the 
AC OPF problem in (5), the key distinctions with respect to a 

traditional DC UC formulation are dynamically computed cur-
rent flow limits 𝐼$*+,- that are based on the ambient conditions 
as described in Section III. The resulting unit commitment 
problem is: 

 

min T T(𝑐./<𝑃2/. + 𝑐0/<𝑃2/ + 𝑐1/<𝑢/< + 𝑐/<=>𝑣/< + 𝑐/<=8𝑤/<)
/∈2<?0,…,A

+	 T T𝛽𝑃!45*,/<
/∈7<?0,…,A

																																(6) 

subject to: 
 

(for all 𝑖 ∈ 𝑁 and 𝑡 = 1,… , 𝑇) 
𝑃2/< − 𝑃8/< + 𝑃!45*,/<

= T𝑃$(𝜃<)
$∈)"

 

 
 
Bus Power Balance 

0 ≤ 𝑃!45*,/< ≤ 𝑃8/< Allowable Load Shed Range 

(for all 𝑙 ∈ 𝐿 and 𝑡 = 1,… , 𝑇) 
 

−𝐼$*+,- ≤ 𝑃$(𝜃<) ≤ 𝐼$*+,- Dynamic Line Limits 

(for all 𝑖 ∈ 𝐺 and 𝑡 = 1,… , 𝑇) 
 

𝑃2/+/:𝑢/< ≤ 𝑃2/< ≤ 𝑃2/+,-𝑢/< Power Generation Limits 

(for all 𝑖 ∈ 𝐺 and 𝑡 = 2,… , 𝑇) 
 

𝑃2/< − 𝑃2/,<B0 ≤ 𝑃/C> Ramp Up Limits  

𝑃2/< − 𝑃2/,<B0 ≥ −𝑃/C8 Ramp Down Limits  

𝑢/< − 𝑢/,<B0 = 𝑣/< −𝑤/< Startup and Shutdown Events 

𝜃0 = 0∘ Angle Reference 
 

For time period t, 𝑃8/< denotes the active power demand at bus 
i; 𝑃2/< is the active power output for generator i; 𝑃/C> and 
𝑃/C8	are specified bounds on the ramp up and ramp down rates 
for generator i; and 𝑃$(𝜃<) =

0
D#
(𝜃$$< − 𝜃$%<) is the DC approx-

imation for active power flow through the line l with origin bus 
𝑙E, destination bus 𝑙*, and series reactance 𝑋$, where 𝜃/< is the 
voltage angle for bus i. The binary variable 𝑢/<	indicates the 
on/off status of generator i at time t. The binary variables 
𝑣/<	and	𝑤/<	indicate whether generator i turns on or off, respec-
tively, at time period t. Note that we formulate the current flow 
limits by bounding the power flow variables 𝑃$(𝜃<) that are 
available in the DC approximation by 𝐼$*+,-, converted to per 
unit representation.  

We implement our DC unit commitment case study simula-
tions using the power system software package MATPOWER 
MOST version 1.1 [23] and use Gurobi’s mixed-integer quad-
ratic programming solver to compute the optimal operating 
points. 

V.  CASE STUDIES 
This section demonstrates the potential advantages of using 

DLR to mitigate wildfire ignition risks via two case studies. 

A.  Case Study 1: AC OPF for the IEEE 14-Bus System 
    1)  Ground Clearance and Ambient Conditions. Based on 
Table I, we select a minimum ground clearance of 35 m. The 
average height of lattice steel towers is 43 m [24]. Hence, we 
enforce a maximum allowable sag of 7 m for this case study. 



 

For the ambient conditions, we consider a wind speed (Vw) of 5 
miles per hour (2.235 m/s) and a temperature (Ta) of 40°C. 
    2)  Power System Dataset. We analyze the power flows for 
the PGLib-OPF version of the IEEE 14-bus system [25] that is 
shown in Fig. 2. We consider the case where the three lines 
marked with yellow symbols pose high risks for igniting wild-
fires. The entire system operates at 69 kV. We consider lines 
with ACSR 26/7 conductors that have diameter (D) of 28.1 mm 
and resistances (R20C) of 0.0214 Ω/kft. We consider a location 
for this test case in California with the following geographical 
parameters:  latitude of 39.7°N, longitude of 121.8°W; and solar 
altitude (HC) 47.6°. We use this information to calculate the po-
sition of the sun as used in (2) [17].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Fig. 2. One-line diagram for the IEEE 14-bus test case from [25]. The yellow symbols represent 
lines at high risk of igniting wildfires. 

    3)  Comparisons. We compare two options for reducing the 
risk of wildfire ignition. The first option de-energizes the three 
high-risk lines to emulate the PSPS program. All other lines 
have flow limits that ensure line sags do not violate the ground 
clearance requirements from CPRC [19]. We assume that the 
other lines pose no risk of sparking a wildfire. We compare this 
de-energization option to an alternative DLR option where a 
conservative 8 m clearance requirement is enforced instead of 
de-energizing these lines. We calculate line current limits using 
(1)–(4) and the specified ambient conditions. For both options, 
we solve the AC OPF problem (5) to compute the least-cost op-
erating points that satisfy all constraints. 
    4)  Results. De-energizing the high-risk lines leads to shed-
ding 5% of the total load. In contrast, enforcing conservative 
ratings computed using DLR for the high-risk lines enables the 
total demand to be satisfied (no load shedding). Moreover, Fig. 
3 illustrates that the least-expensive generator (generator 1) is 
capable of serving all of the load when using the DLR limits, 
whereas de-energization of the high-risk lines leads to the dis-
patch of more expensive power from generator 2. 
 

  

 
Fig. 3. Comparison of active power generation for the de-energization case and DLR case. 

B.  Case Study 2: DC Unit Commitment for a 10,000-bus test 
system representing WECC 
    1)  Ground Clearance and Ambient Conditions. As in the 
first case study, we select a minimum ground clearance of 35 m 
based on Table I. We again consider an average height of lattice 
steel towers of 43 m [24] and thus also enforce a maximum al-
lowable sag of 7 m for the high-risk lines in this case study.  

For the ambient conditions, we exploit the geographic data 
provided in the second test case to compute actual ambient con-
ditions. Specifically, we use wind speed (Vw), solar radiation 
(Qs) and temperature (Ta) values available from the California 
Irrigation Management Information System (CIMIS). CIMIS 
has 145 weather stations installed across California that meas-
ure the aforementioned weather data on a minute-by-minute ba-
sis, thus enabling the use of actual ambient conditions for the 
case study [26]. The locations for each line are estimated using 
the midpoint of the line’s terminal locations. We select Septem-
ber 1, 2020 as the date for our case study, using the correspond-
ing actual ambient conditions observed on this date. September 
1 is during the most dangerous period of the wildfire season in 
California and has historically had PSPS events, thus making 
this date an appropriate subject of our analysis.  
    2)  Power System Dataset. Our second case study analyzes 
the effects of applying DLR techniques to a 10,000-bus syn-
thetic test case that is representative of the WECC system in the 
Western United States [27], [28]. The test case’s load variation 
is temporally scaled according to the actual California load pro-
file data shown in Fig. 5 [29]. 

Using knowledge of the geographic locations in this dataset, 
we compute current flow limits using the DLR approach de-
scribed in Section III for all lines that are considered risky 
enough to ignite a wildfire. When computing these limits, we 
use actual geographically and temporarily varying data regard-
ing ambient conditions on the date selected for this case study 
(September 1, 2020). Fig. 4 shows a representative example of 
the time variation for one such flow limit. Note that the flow 
limits are selected as the minimum of the DLR value and the 



 

conductor’s ampacity limit associated with the material proper-
ties, leading to the cutoff at 907 A in the figure.  

We also use actual Fire Potential Index data from the study 
date [4]. Fig. 6 shows the distribution of normalized FPI values 
associated with each line in the 10,000-bus system. We selected 
the 35 lines with the largest FPI values as the high-risk lines for 
our analysis. 
    3)  Comparisons. We compare the same two approaches for 
reducing the risk of wildfire ignition: de-energizing the high-
risk lines (during all time periods) versus using the proposed 
DLR approach to compute line flow limits corresponding to 
conservative ground clearances for these lines. (Flow limits for 
the remaining lines are adopted from the original dataset.) For 
both approaches, we solve the DC UC problem (6) with 24 
hourly time intervals to compute the least-cost operating points 
that satisfy all constraints. 
    4)  Results. The case study results are shown in Fig. 7. The 
vertical axis in this figure indicates the amount of load shedding 
resulting from the de-energization approach as a fraction of the 
total load. The horizontal axis corresponds to the time periods 
(24 hours). Note that the DLR approach does not require more 
than 0.01% load shedding in any time period. Compared to the 
nearly 50% load shedding required during certain time periods 
for the de-energization approach, the DLR approach reduced 
load shedding by nearly 50% of the peak demand in this case.   
 

 
Fig. 4. A representative example of a temporally varying flow limit from the DLR approach.  
 

 
Fig. 5. Load demand profile for California [29]. 

 
Fig. 6. Illustration of the lines at risk of igniting wildfire for 10,000-bus system according to their 
associated FPI values [4]. 
 

 
Fig. 7. Load shed as a percentage of the total load for the de-energization option in the 10,000-
bus system as a function of time (hours). The load shed from the DLR approach is less than 0.01% 
for all time periods. 

 

C.  Case Study Summaries 
Both case studies indicate that enforcing strict ground clear-

ance requirements using a DLR approach can substantially re-
duce load shedding relative to de-energizing transmission lines 
that pose high risks of igniting wildfires. The results of our sec-
ond case study, in particular, highlight this finding, as the DLR 
approach nearly eliminates the significant amount of load shed-
ding from line de-energization. By considering actual recorded 
data, we emphasize that this case study captures the related im-
pacts of ambient conditions on load demands, wildfire-ignition 
risks, and DLR limits. The promising results of this realistic 
case study motivate further investigation regarding the potential 
application of DLR for mitigating the risk of igniting wildfires. 

VI.  CONCLUSIONS  
Limiting line sag by following conservative ground clear-

ances in certain areas leads to lower power flows on lines that 
are at risk of igniting wildfires. Using a DLR approach, we en-
force these flow limits in AC optimal power flow and DC unit 
commitment problems. Two case studies demonstrate that en-
forcing DLR limits on high fire-threat lines rather than de-en-
ergizing them can significantly reduce load shedding. These 



 

results motivate further investigation regarding the degree to 
which imposing more conservative ground clearance require-
ments reduce the risks of wildfire ignition. 

Other future work includes additional analyses regarding the 
practical applicability of DLR approaches for mitigating wild-
fire-ignition risks, such as extension to security-constrained 
unit commitment problems. Similar analyses with stochastic 
unit commitment problems would enable consideration of the 
correlated impacts of uncertainties in ambient conditions with 
respect to load demands, renewable generation, and DLR limits. 
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