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Aerial measurement technology
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Aerial measurement technology

Bottom-up inventory estimate = 


1 wellhead    x   wellhead emission factor   + 

1 separator   x   separator emission factor  + 

1 tank           x   tank emission factor            
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Event detection:

When is an emission happening?


Localization:

Where is the emission coming from?


Quantification:

How much is being emitted?
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Chapter 5:

Robust duration estimates



A policy driven research project
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40 CFR Part 98:
Proposed updates to the EPA’s 
Greenhouse Gas Reporting Program 
(GHGRP) to take effect January 2025

… also proposing a 100 kg/hr CH4 
emission threshold to align with the 
super-emitter response program 
proposed in the NSPS OOOOb. These 
emissions are generally intermittent, 
with widely varying durations …

… also proposing that reporters would 
provide the start date and time of the 
release, duration of the release, and 
the method used to determine the start 
date and time …

A policy driven research project

Oil and gas operators 
required to report all methane 
emissions > 100 kg/hr

For each of these emissions, 
the operator must estimate 
an emission duration
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One problem… incomplete sensor coverage
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One problem… incomplete sensor coverage
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However, we can estimate when this happens!
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Downwind region does not overlap with CMS sensors = period of “no information”
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Downwind region

Wind 
direction

Downwind region does overlap with CMS sensors = period of “information”

However, we can estimate when this happens!
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Probabilistic Duration Model 
Step 1: Identify naive events

Naive event 1 Naive event 
2
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Probabilistic Duration Model 
Step 1: Identify naive events

Example: we want a duration estimate 
for naive event 1

Naive event 1 Naive event 
2
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Probabilistic Duration Model 
Step 2: Identify periods of information
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Probabilistic Duration Model 
Step 3: Compute probability of combining events

q1 = 10 kg/hr (tank)
q2 = 12 

kg/hr (tank)

ℙi,j = 1 −
|qi − qj |

P95(q) − P5(q)

ℙ1,2 = 0.85
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Probabilistic Duration Model 
Step 4: Sample start and end times 

Only possible 
start time for 
naive event 1

Range of 
possible


end times for 
naive event 1

Range of 
possible


end times for 
naive event 2

ℙi,j = 1 −
|qi − qj |

P95(q) − P5(q)

ℙ1,2 = 0.85

q1 = 10 kg/hr (tank)
q2 = 12 

kg/hr (tank)
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Probabilistic Duration Model 
Step 5: Compute distribution of durations

Naive duration 
(3.1 hours)

Mean of possible 
durations


(6.8 hours)

Max of possible 
durations

(8.2 hours)
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Probabilistic Duration Model 
Mixture model of uniform distributions

We want the distribution of durations for naive event .k
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Probabilistic Duration Model 
Mixture model of uniform distributions

We want the distribution of durations for naive event .


First, consider the simplest case where there is zero probability of combining with neighboring 
events.


   and   


Here the durations are simply: .


k

Sk ∼ Unif(⋅,⋅) Ek ∼ Unif(⋅,⋅)

Dk = Ek − Sk ∼ Trap(⋅,⋅,⋅,⋅)
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Probabilistic Duration Model 
Mixture model of uniform distributions

We want the distribution of durations for naive event .


First, consider the simplest case where there is zero probability of combining with neighboring 
events.


   and   


Here the durations are simply: .


Next, consider the situation with  preceding events and  subsequent events:


   and   


Again the durations are: 

k

Sk ∼ Unif(⋅,⋅) Ek ∼ Unif(⋅,⋅)

Dk = Ek − Sk ∼ Trap(⋅,⋅,⋅,⋅)

n m

Sk ∼
n

∑
i=1

ℙk,iSi Ek ∼
m

∑
j=1

ℙk,jEj

Dk = Ek − Sk ∼ ?
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Case study:

Bounding the duration of an aerial measurement

9.6 kg/hr x =
17.1 kg


97.9 kg


180.5 kg

naive duration: 1.78 hours


mean of possible durations: 10.2 hours


max of possible durations: 18.8 hours

Detected 
emission rate Potential duration estimates Total emitted 

methane

9.6 kg/hr x = 21,024 kgtime since previous aerial survey: 3 months

Aerial technology detects separator emission

of 9.6 kg/hr
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Thank you! 


