
 
 

   

 

   

      
 

    
     

 
   

    
  

   
 

   
    

   
   

    
   

   
    

  
      

  

    

  
  

     
  

  

 

    
     

 

    
 

 
    

AERONAUTICAL CHARTING FORUM 
Instrument Procedures Group
Meeting 17-02 – October 24, 2017 

RECOMMENDATION DOCUMENT 

FAA Control # 17-02-330 

Subject: Climb gradients for Standard Instrument Departures (SIDs) 

Background/Discussion: Area navigation (RNAV) SID development now includes 
required Air Traffic Control (ATC) crossing restrictions to separate traffic and ATC has 
clearly articulated compliance with these altitudes are not optional. In every RNAV SID 
development process, the SRM defines all published altitudes must be met to ensure 
safe separation of traffic but recent changes to FAA orders has removed important climb 
gradient information needed by the pilot to determine performance requirements. 

Recently, Order 8260.46F, Establishing Submission Cutoff Dates for Civil Instrument 
Flight Procedures, was amended deleting two critical sets of information for both 
designers and pilots. Charting of climb gradients for ATC restrictions are an important 
safety factor for pilots. Removing the requirement for a Flight Standards’ review of ATC 
climb gradients in excess of 500 ft/NM has allowed new SIDs to be introduced into the 
National Airspace System (NAS) with unrealistic climb gradients. Additionally, the lack of 
a charted climb gradient to comply with ATC altitude restrictions has proven to be 
extremely problematic for pilots. 

FAA design criteria mandates and Flight Standards review of any climb gradient in 
excess of 500 ft/NM except those used to support airspace, navigation solutions, 
environmental, or ATC operational limitations. For pilots, having a charted climb gradient 
for ATC restrictions is a necessary component to determine if their flights can meet the 
performance requirements to fly the departure as charted. 

The FAA has published the following text in Order 8260.46F: 

Pilots are expected to determine if crossing altitudes can be met, based on the 
performance capability of the aircraft they are operating. 

This statement coupled with uncharted climb gradients could not pass an safety risk 
management (SRM) process. How can a pilot determine if an altitude restriction can be 
met if there is no published information? 

Recommendations: 

1. As defined for diverse vector area (DVA) and obstacle climb gradients, establish
a requirement for Flight Standards to review any climb gradient in excess of 500
ft/NM.

2. Establish a collaborative check and balance system that allows users of the NAS
to make input on climb gradients.

3. Revise the text in Order 8260.46F, Departure Procedure (DP) Program, to



    
 

   
   

   
   
  

   

     
  

  

  
  

 

 

     
 
  

    

    
   

 
  

  
  

   
    

  
  

 
 

  
 

  
 

  
   

 
  

  
  

   

include a statement that altitude restrictions in SIDs do constitute climb gradients 
for the safe separation of traffic. 

4. Re-establish criteria that will evaluate climb gradients for SIDs using the
procedure as a template. When possible establish one published climb gradient
that gives the pilot the ability to determine if the procedure can be flown as
designed. When maximum or mandatory altitude restrictions are published
additional climb gradients must be established to aid the pilot with determine
performance requirements for that segment of the procedure.

Comments: Southwest Airlines has conducted an SRM on ATC climb gradients and 
determined the pilot cannot comply with charted restrictions unless a known climb 
gradient requirement is published. 

Submitted by: Gary McMullin 
Organization: Southwest Airlines 
Phone: 469-603-0766
E-mail: gary.mcmullin@wnco.com
Date: October 5, 2017

INITIAL DISCUSSION – MEETING 17-02: Gary McMullen (Southwest Airlines) briefed 
(views) an issue related to the difficulty of pilots being able to determine if published 
crossing altitude restrictions on SIDs can be met when an associated climb gradient 
(CG) isn’t published. Gary stated pilots are expected to meet all restrictions on a SID; 
however, without a published climb gradient, pilots don’t have enough information 
available to them to ensure they are able to meet crossing restrictions. Gary indicated 
that unlike STAR, there is no VNAV path available to a departing aircraft, and that the 
pilots are using speed and thrust settings to climb to their assigned altitude. Gary stated 
that pilots understand climb gradients and can determine if they can or cannot meet a 
properly charted climb gradient; however, the FAA doesn’t allow ATC climb gradients to 
be charted. Gary showed two example SIDs, the EMMTT 4 from Dallas Love and the 
TERPZ 6 from Baltimore. He explained these SIDs included crossing restrictions that 
were not flyable without using additional thrust, which is something they can’t do on a 
daily basis. Gary stated some recommendations, to include the reversion of policy to 
require the publication of ATC related climb gradients on SIDs. John Bordy (Flight 
Procedure Standards Branch) said a similar issue was submitted to the PARC 
Navigation Working Group in 2015 and asked if there was any progress. Gary said the 
issue was a very low PARC priority; he sees no way to elevate it so brought issue back 
to ACF for action. Al Herndon (MITRE) said when the PARC VNAV action team was 
incorporated into the PARC Navigation Working Group, this issue was not included so it 
doesn’t exist in the PARC anymore. Gary recommended convening a working group to 
discuss the issue and develop a resolution, adding there are other smaller related issues 
that can be looked at. Rich Boll (NBAA) stated that the NBAA agrees with Gary’s 
proposals; however, they are concerned with having only one climb gradient designed to 
meet every case since there is a large diversity of NBAA member aircraft. Rich then 
briefed (views) the NBAA views on this issue, and in particular the difficulty of defining 
what a climb gradient really is. He discussed how there’s no clear definition of a flight 
path in a takeoff phase other than an engine-out scenario, and; therefore, no data is 
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available to the pilot for all engines operating. Rich discussed how it’s possible to meet charted 
altitude restrictions; however, it’s also possible for the aircraft to occasionally dip below the 
vertical plane associated with a climb gradient during certain climb segments. Rich stated aircraft 
can normally determine compliance in staying above the plane associated with a climb gradient 
at altitudes 1500-3000 feet above the airport elevation; however, it becomes more difficult at 
higher altitudes. Rich stated airlines have performance engineers that can determine if SIDs are 
compatible with their operations; however, the NBAA members do not have the same capability 
and tools available to them. Rich recommend proposals to add AIM language to clearly define 
what a climb gradient is for both obstacle and ATC driven climb gradients. NBAA also proposes 
either allowing a single, all-encompassing climb gradient on a SID (but open to multiple climb 
gradients). Rich also agreed with Gary that we are putting restrictions on procedures that can’t be 
met and so some method to objectively evaluate high climb gradients, or gradients at higher 
altitudes needs to be developed. Bruce McGray (Flight Operations Branch) said technical data 
may be necessary to make recommendations related to crossing restrictions and climb gradients. 
John Bordy asked if the ACF is the correct forum to address these issues and pointed out that a 
few years ago it was determined that it wasn’t, therefore it was referred to the PARC. However, 
since the PARC isn’t working the issue, we’ve gone full circle in considering this issue once 
again for the ACF. Rich stated this issue related to Order 8260.46; therefore, a TERPS issue, and 
therefore the ACF is the appropriate forum. Gary and Rich agreed to co-chair an ACF-IPG 
working group to address this issue. A signup sheet (roster) to participate in this working group 
was established. Please contact Gary or Rich to join the working group. 

Action: Gary McMullen (SWA) and Rich Boll (NBAA) will co-chair an ACF-IPG working group 
on the issue. 

Status: Item accepted. 

Meeting 18-01: Rich Boll (NBAA) briefed from a slide presentation the findings of a working 
group he co-chaired with Gary McMullin over the past several months. The first part was asking 
the FAA to require approval before publishing any ATC crossing altitude restriction that would 
require a climb gradient of more than 500 ft/NM. Rich mentioned this request has already been 
accepted and is currently included within the draft Order 8260.46G that is currently being 
coordinated. The main proposal would be to reintroduce the publication of climb gradients for 
ATC purposes. Rich gave a brief overview of history (view) on publishing ATC and obstacle 
climb gradients (a previous ACF agenda item requested only publishing one gradient.) Rich 
informed the group that the FAA used to publish ATC climb gradients, but then ceased charting 
ATC climb gradients under the belief that they can be too onerous since they are calculated on a 
worst-case basis. Rich indicated climb gradient information is needed to help pilots determine 
whether a crossing altitude restriction can be met. The proposal is to once again chart ATC climb 
gradients on SIDs. Chart examples were shown and discussed. Rich said the working group’s 
consensus is to establish a single climb gradient for obstacle clearance on SIDs and ODPs, and 
to annotate these as obstacle climb gradients. When ATC crossing altitude restrictions require a 
climb gradient on a SID, it is proposed to establish a single climb gradient that would allow 
compliance with all ATC restrictions. These climb gradients would be 



 
  

   
  

 
   

 
 
 

  
   

   
  

  
   

    
 

 
  

  

 

   

  
    

  
  

 
  

 
   

   
 

 
  

  
  

identified on the chart as ATC climb gradients. Rich explained how the aircrew should treat each 
climb gradient differently. An obstacle climb gradient should be treated as a plane that the 
aircraft cannot ever penetrate from above, that is, the aircraft must always remain above the 
climb gradient’s surface. Conversely, an ATC climb gradient only represents the average 
gradient needed to meet the crossing restriction at the fix where it’s established. In this case, the 
aircraft’s altitude between the point where the climb starts and the point where the altitude 
restriction is established is not that important, provided the crossing is made at the fix at (or 
above) the minimum charted altitude. The purpose of the ATC climb gradient is to inform the 
pilot of the necessary performance needed to comply with the altitude restriction. The working 
group suggested that a SID should be limited to one obstacle climb gradient, and if necessary, 
one ATC climb gradient. Further, an ATC climb gradient and the associated crossing restrictions 
should be eligible for cancellation by ATC when not needed or when aircraft performance is 
limited. Rich indicated that if the proposal is accepted, then requisite guidance and information 
must be published in the AIM, Aeronautical Information Publication, IPH, and Instrument Flying 
Handbook. Rich mentioned we already allow two climb gradients now, one for obstacles and one 
for LNAV engagement (when an early turn is necessary). For consideration, he suggested the 
possibility of establishing an assumption (through applicable guidance) that a 500 ft/NM climb 
gradient up to 500 feet above departure end of runway elevation be considered the norm, which 
would then negate the need to publish an LNAV engagement climb gradient (similar to our 
current 200 ft/NM assumption). Rich said this will have to go to the US-IFPP, but wanted ACF 
consensus prior. Rune Duke said AOPA supports this. 

Action: 

• Presentation (slide #31) is posted on the ACF web site for comment (request comments 
be directed to Rich Boll).

• John Bordy will introduce the topic to the June US-IFPP meeting for consideration. 

Status: Item open. 

Meeting 18-02: John Bordy (Flight Procedures and Airspace Group) informed the group that 
this issue was referred to the US-IFPP for consideration and was discussed within the IFPP’s 
Departure Working Group (DWG), which is being led by Dan Wacker (Flight Procedures and 
Airspace Group). Rich Boll (NBAA) added he recently discussed with Dan Wacker the three 
specific recommendations that were put forth. The first would be to “standardize” the 500 ft/NM 
climb gradient for LNAV engagement. However, Dan indicated to him there was no initial 
support from the DWG to accept this recommendation. The second recommendation to add ATC 
climb gradients did not garner much support either; however, the DWG recognized there is a 
potential problem with adding onerous altitude restrictions near the departure airport. The third 
recommendation to require Flight Standards approval to establish any ATC crossing altitude 
restriction that would require a climb gradient in excess of 500 ft/NM was accepted and will be 
published in FAA Order 8260.46G. Rich mentioned that Dan was planning to invite industry to 
an upcoming meeting of the DWG where they could express any concerns/suggestions related to 
this issue or any other SID design issue. John requested attendees of the IPG email him or Steve 
VanCamp if they would like to participate in that upcoming DWG. 



Action Items:  John Bordy to provide a status of the DWG actions related to this issue. 

Status:  Item open. 

Meeting 19-01: John Bordy, Flight Procedures and Airspace Group, briefed the issue directly 
from the slide: discussing a summary and current status. Recommendations from ACM WGs 
were referred to the US-IFPP Departure Working Group (DWG). The recommendation to 
calculate (but not publish) a climb gradient that would be required to meet an ATC crossing 
altitude restriction and to obtain AFS approval if more than 500 ft/NM was published within 
Order 8260.46G (published Nov 2018). The second part of the recommendation, which is to 
publish climb gradients necessary to meet ATC crossing altitude restrictions, is still actively 
being discussed within the DWG, and more information related to whether or not this 
recommendation will be accepted should be available by ACM meeting 19-02. Valerie Watson, 
AJV-A, asked what the specific objection is to charting a climb gradient. A lengthy discussion 
followed related to historical practices related to charting obstacle and ATC crossing restrictions, 
in addition to how the FAA currently publishes climb gradients, which as of now, is only done 
for obstacle clearance purposes (exception is for LNAV engagement to 500 ft AGL). Rich Boll, 
NBAA, questioned the adequacy of the 500 ft/NM value for determination of when FS approval 
is needed since he believes higher field elevations may dictate a lower value; John Bordy took an 
action to refer this to the DWG and to request the DWG consult with performance engineers on 
this issue.  

Action Items: 
• John Bordy will report on DWG progress on the issue.

• John Bordy will ask the DWG to consult with performance engineers to examine the
500 ft/NM value used for determining when FS approval is required. Concern is whether
this is adequate for higher elevation airports.

Status:  Item open. 

Meeting 19-02: John Bordy, FAA Flight Procedures and Airspace Group, briefed the issue 
summary and current status from the slide. The Departure Working Group (DWG) has been on 
hold while working on the safety risk assessment associated with the initial climb area (ICA) 
revision and reduction of obstacle notes. There is also an ongoing action to consult with 
performance engineers regarding the 500 ft/NM threshold at higher elevation airports. The 
aircraft performance engineers present at the meeting plan to have a break-out discussion on the 
issue and invited anyone who wanted to attend. They may also have a follow-up meeting in 
November to discuss that topic, and also the appropriate climb gradients for operations above 
FL180. Lev Prichard, Allied Pilots Association, requested an invite to the next DWG. Lev 
brought up a concern with charted procedures with crossing restrictions, but with no climb 
gradient published that would assist pilots in compliance with the restrictions. This is especially 
significant in cases where the restrictions are published at intersections, with no way to know the 
distance from the aircraft’s present position to the intersection with the restriction. Gary 



McMullin, Southwest Airlines, pointed out those gradients used to be on the charts, but were 
removed due to criteria changes. John will determine if the DWG is open to non-FAA personnel, 
and Lev will send specific examples of concern to John to forward to Dan Wacker, FAA Flight 
Procedures and Airspace Group, the facilitator of the DWG. 

Action Items: 
• FAA Flight Procedures and Airspace Group will report on DWG activities
• Lev Prichard will forward any identified issues on SIDs
• FAA Flight Procedures and Airspace Group will forward identified SID issues and

DWG invite requests for outside groups to Dan Wacker

Status: Item open 

Meeting 20-02: Jeff Rawdon, FAA Flight Procedures and Airspace Group (FPAG), briefed the 
issue summary and current status from the slide. Lev Prichard, Allied Pilots Association, advised 
he had not forwarded any SID issues, or worked with Gary McMullin, Southwest Airlines on this 
particular issue. Dan Wacker, FPAG, said this original topic can be closed based on changes in 
Order 8260.46G, and confirmed that consideration of ATC requested climb gradients is an 
ongoing separate topic in the Departure Working Group (DWG). This new issue is being tracked 
in the US-IFPP and the DWG is providing updates. Gary and Lev concurred with closing the 
issue.  

Status: Item closed 





Federal Aviation
Administration


Summary: Introduced by SWA. Recommendation to calculate and publish 
ATC climb gradients and to require Flight Standards approval for any ATC 
crossing restriction that requires a climb of more than 500 feet per NM.


Current Status:  
• ACM working groups held to refine recommendations.
• Recommendations referred to US-IFPP DWG.
• Requirement to calculate (not publish) an ATC climb gradient and obtain AFS 


approval if more than 500 feet per NM added to Order 8260.46G.


Actions:
• Report on DWG status. (Bordy)


17-02-330 Climb Gradients for SIDs








Federal Aviation
Administration


17-02-330 Climb Gradients for SIDs
• Summary: Introduced by SWA. Recommendation to 


calculate and publish ATC climb gradients and to 
require Flight Standards approval for any ATC crossing 
restriction that requires a climb of more than 500 feet 
per NM.


• Actions:
– Lev Prichard: forward identified issues on SIDs
– FPAG: report on Departure Working Group Status








Richard J. Boll II (NBAA) – WG Co-Chair
April 24, 2018


ACF Climb Gradient WG
ACF IPG 1801
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ACF Agenda item 
17-02-330 Climb Gradients for Standard Instrument Departures (SIDs)


 WG formed to address the recommendations:
• FAA review any climb gradient in excess of 500 ft/NM
• Establish a collaborative check and balance system that allows users of the NAS to 


make input on climb gradients
• Publish climb gradients on SIDs for maximum or mandatory altitude restrictions to 


aid the pilot with determine performance requirements for that segment of the 
procedure for the safe separation of traffic
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ACF Agenda item 
17-02-330 Climb Gradients for Standard Instrument Departures (SIDs)


 DRAFT FAAO 8260.46G – Comment Period Open:
The Flight Procedure Implementation and Oversight Branch (or appropriate military authority) must 
approve DPs and DVAs requiring a CG in excess of 500 ft/NM (600 ft/NM for helicopters). See 
paragraph 2-1-1.e(2) for additional information regarding establishing/publishing greater than 
standard climb gradients.


Calculate (but do not publish) the CG necessary to meet each minimum altitude restriction. Flight 
Procedure Implementation and Oversight Branch approval is required if the calculated CG exceeds 
500 ft/NM (600 ft/NM for helicopters).
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A Little Review…



Presenter

Presentation Notes

Let’s review the history of this subject.
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Previous ACF Agenda Items
12-02-302 Multiple Climb Gradients on Standard Instrument Departure (SID) Charts


 Sought to remove multiple CGs from SIDs 
 From ACF IPG 12-02 minutes:
Tom Schneider, AFS-420, stated that criteria drives policy.  The new Order 8260.58, which was effective 
September 12, 2012 and replaced Orders 8260.44, 8260.45, 8260.52, and 8260.54, as the standard for 
RNAV procedures, removed the provision that allowed multiple climb gradients.  As noted above, Order 
8260.3 also allows only one climb gradient; therefore, all reference to multiple climb gradients has been 
removed in the upcoming guidance in Change 3 to Order 8260.46.  The premise is “one altitude at a fix 
will define one climb gradient”.  The scenario used in the example given by US Airways will be eliminated 
in the future.  Chris Jones, AFS-410 (Support), stated that this scenario could cause an adverse 
impact in that some operators who cannot meet the specified climb gradient may not be able to 
use the procedure.  Tom Schneider, AFS-420, responded that this has been discussed at several 
FAA/industry ad hoc departure meetings/telcons and the consensus was that this is acceptable



Presenter

Presentation Notes

In October 2012, ACF-IPG agenda item requesting removal of multiple CGs on SIDs.   Rationale -  Contradictory guidance between TERPS, which allows only one obstacle CG and the 8246.46 Order that allowed a single obstacle CG but multiple ATC CGs. Issue was already being addressed in other Orders to reduce the climb gradient to only ONE CG, the most restrictive of the obstacle or ATC climb gradient.  It was noted by AFS 410 that this decision could prove problematic. 
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8260.46D Change3 - 12/31/2012
Established A Single Minimum Climb Gradient


 Change: (7) Paragraph 2-1e(2). Clarified climb gradient application and requirements..
 (2) Charting a Minimum Climb Gradient. Establish a single minimum climb gradient exceeding 200 


ft/NM (400 ft/NM for helicopters) whenever required for obstruction clearance, airspace, 
environmental, ATC, and/or RNAV or required navigation performance (RNP) operational 
limitations [i.e., lateral navigation (LNAV) engagement altitude and/or distance measuring 
equipment (DME)/DME reception]. When a climb gradient is required to support an LNAV 
engagement altitude (e.g., 500 ft/NM to 1300) before turning, a reduced, second climb  gradient 
may be established in this situation only (i.e., a maximum of two climb gradients). See applicable 
8260-series Orders for the appropriate criteria to use when establishing a climb gradient. Enter 
minimum climb gradient(s) for charting on the appropriate 8260-15 series form (see appendix D, 
E, or F).



Presenter

Presentation Notes

The 8260.46D was changed in December 2012 to establish a single climb gradient on SIDs
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ORD RNAV SIDs
February 2013 – Industry Objection to Onerous CGs



Presenter

Presentation Notes

The ORD RNAV SIDs had a climb gradient off runway 22L of 807 FPNM to 3000’, which many airlines deemed onerous.  Pilots also question how they would comply with such a climb gradient. 
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ORD RNAV SIDs
February 2013 – Industry Objection to Onerous CGs


Standard TO Mins & CG on 22L



Presenter

Presentation Notes

O’Hare Conventional SID has no climb gradient on runway 22L. It does have a crossing restriction – ORD 5 DME at or above 3000’.  This crossing requirement requires a 807 FPNM CG to 3000’ from the DER. 







9


ORD RNAV SIDs
February 2013 – Industry Objection to Onerous CGs.



Presenter

Presentation Notes

Only one, conventional SID at ORD…  RNAV SIDs were never published because of industry objections to the climb gradient on 22L. 
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8260.46E - 5/3/2014
Removed CG for ATC purposes


 Change: Paragraph 2-1-1e(2). Revised “climb gradient” application to provide climb gradients in 
excess of 200 ft per NM for supporting obstacle clearance and/or RNAV engagement altitude. 
Added Note information regarding helicopter climb gradients.


 (2) Charting a Minimum Climb Gradient. Establish a single minimum CG exceeding 200 ft/NM [400 
ft/NM for helicopters beginning at the initial departure fix (IDF)] whenever required for obstruction 
clearance and include the altitude to which the gradient is required in the Takeoff Minimums note; 
e.g., “(Takeoff minimums) with minimum climb of 300 ft/NM to 4300.” Do not establish CGs for 
crossing altitudes used to support airspace, environmental, or ATC operational limitations. 
When a CG is required to support an LNAV engagement altitude (e.g., 500 ft/NM to 1300) before 
turning, a reduced, second CG may be established in this situation only (i.e., a maximum of two 
CGs). See applicable 8260-series orders for the appropriate criteria to use when establishing a 
minimum CG. Enter minimum CG and associated termination altitude for charting on the 
appropriate 8260-15 series form (see appendix D, E, or F).
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Have We Come Full Circle? 
Yes, but have learned a few things on journey



Presenter

Presentation Notes

Have we come full circle?  Yes, but we’ve learned much on our journey! 
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Pilot’s Need Climb Gradient Information
Assess Required Rate of Climb to Clear Obstacles &
Meet Altitude Restrictions on SIDs
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ROPPRJAKER


At or Above             
8000’


CEASR


At or Above             
11000’


HITME


COWBY


GUP


At or Above             
15000’


MOSBI


Between             
5900’ & 7000’At or Above             


2681’
RW19R


Published
“Top Altitude” 


FL 190
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TERPS Obstacle Climb Gradient
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For the purposes of analyzing performance on procedures developed under TERPS or PANS-OPS, it is understood that any 
gradient requirement, specified or unspecified, will be treated as a plane which must not be penetrated from above until 
reaching the stated height, rather than as a gradient which must be exceeded at all points in the path


IFR Climb Gradient Surface


Obstacle Clearance Surface 
/Obstacle Identification Surface


DER


ROC*


Climb Gradient 
Termination Altitude
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ATC Climb Requirements


 Climb requirement is the altitude 
at the waypoint


 Meeting the altitude restriction is 
important


 The altitude between the 
waypoints is not so much 
important 


 Climb gradient informs pilot of 
necessary performance to 
comply with altitude restrictions 
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ACF CG WG Consensus – Climb Gradients


 CG to support an ATC altitude restrictions on SID is necessary
 No more than 2 CGs on a SID
 Each climb gradient type should be identified. 


• “Obstacle”
• “ATC”


 An ATC CG and associated altitude restrictions may be canceled by ATC 
when not needed or where aircraft performance is limited







1000’ MSL


Apt Elev. 0’ MSL


WAYPT


3000’


ROC


Standard with minimum obstacle climb gradient of 350’ per NM to 1000.  
ATC climb of 400’ per NM to 3000.











1000’ MSL


Apt Elev. 0’ MSL


WAYPT


3000’


ROC


Standard with a minimum obstacle climb gradient of 400’ per NM to 
1000, then ATC climb of 300’ per NM to 3000. 
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ACF CG WG Consensus – Climb Gradients


 Explored the option for a single climb gradient
• Published the more restrictive (highest) climb gradient
• Extending the obstacle climb gradient to a height where the standard climb gradient 


will meet subsequent altitude restrictions


 Impact on airplane performance may be significant 
 Limit on takeoff weight/payload may be onerous 
 Consensus is that a single climb gradient’s impact on performance and 


operations is too costly to operations and payload 
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Single CG Option


 Rwy 34L:  594’ per NM climb gradient would 
need to be extended to 12,000’ MSL 
 200’ per NM remainder of climb to the 


15000’ restriction at RYANN
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Impact on 
Performance
B737-800 – 26K Engines


 To remain above the 
extended obstacle gradient:


 T/O Thrust to 3,000’ AFL –
not good for engine life


 Do not accelerate past 250kts 
(even above 10,000ft)


 Reduce weight to 150,000 
lbs.


 RNO to ORD can now only 
carry 116 passengers.  This is 
a 44 passenger restriction
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LNAV Engagement Altitude Climb Gradient
Possible 3rd Climb Gradient (?)


 500’ per NM to 500’ above DER elevation
 Supports LNAV engagement supporting VA-DF and VI-CF legs
 AC 90-100A minimum flight guidance system (LNAV engagement) 


requirement 
 500’ per NM to 500’ above DER elevation enables turns/divergent 


courses beginning 1 NM from DER
 This climb gradient generally not limiting on any takeoff
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LNAV Engagement Altitude Climb Gradient


 500’ per NM to 500’ above DER elevation
 Supports LNAV engagement supporting VA-DF and VI-CF legs
 AC 90-100A minimum flight guidance system (LNAV engagement) 


requirement 
 500’ per NM to 500’ above DER elevation enables turns/divergent 


courses beginning 1 NM from DER
 This climb gradient generally not limiting on any takeoff
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LNAV Engagement Altitude Climb Gradient
Turbojets (Part 25 & Part 23CC)


FAA Takeoff Safety Training Aid, page 2.17 Fig 15


 Turbojet performance by CFR 
requirement


 All-engines-operating takeoff field length 
performance results in height at the DER 
approximately 150’ under most limiting 
CFR requirements
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LNAV Engagement Altitude Climb Gradient
Turbojets (Part 25 & Part 23CC)


FAA Takeoff Safety Training Aid, page 2.16 Fig 14


 The CFR OEI minimum takeoff climb 
performance ensures AEO climb initial 
climb well above 500’ per NM 


 OEI rates of climbs shown to the right
 AEO rates of climb are more much 


higher during initial climb segment with 
landing gear retracted
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LNAV Engagement Altitude Climb Gradient
Props & Turboprops (Part 23 & Part 23CC)


 Lower initial climb performance, but lower initial climbout speed
• 1 NM per minute (60K) to 2 NM per minute (120K) 


 Rate of climb 500 to 1000 feet per minute to 500’ above DER
 Even for these airplanes, the performance is not limiting for the short 


duration of the requirement







29


ACF CG WG Proposal For Consideration –
LNAV Engagement Altitude Climb Gradient
“Standardize” the 500’ per NM CG to 500’ above DER for all RNAV SIDs


 Two “standard” climb gradients:
• Standard 500 feet per NM climb gradient to 500 feet above the departure end of runway 


elevation on all RNAV/RNP SIDs
• Standard 200 feet per NM all other IFR procedures & routes


 Unless higher climb gradient published
 Documented in the AIM, AIP and TPP


• Training documents: IPH & IFH


 Eliminates publishing this particular climb gradient on RNAV SIDs
 What about RNAV Graphic ODPs? 
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Working Group’s Consensus
Summary thus far…


1. Establish a single climb gradient for obstacle clearance on SIDs and ODPs – annotate 
CG as “obstacle”


2. Establish a single climb gradient on SIDs that allows compliance with all altitude 
restrictions published on the SID – annotate CG as “ATC”


3. Publish requisite guidance in AIM, AIP, IPH, and IFH
4. Still working verbiage on AIM guidance
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Feedback From ACF Requested


 Are two climb gradients acceptable? 
 Is labeling these CG “obstacle” or “ATC” acceptable?
 Do ODP CGs need to be labeled “obstacle”
 Is a note to “Advise ATC prior to takeoff if unable” necessary for ATC CGs?
 Can FAA establish a “standard” 500 FPNM CG to a height of 500 feet above departure 


end of runway (DER) elevation on all RNAV SIDs?
• What about RNAV Graphic ODPs?
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Feedback From ACF Requested


 Are two climb gradients acceptable? 
 Is labeling these CG “obstacle” or “ATC” acceptable?
 Do ODP CGs need to be labeled “obstacle”
 Is a note to “Advise ATC prior to takeoff if unable” necessary for ATC CGs?
 Can FAA establish a “standard” 500 FPNM CG to a height of 500 feet above departure 


end of runway (DER) elevation on all RNAV SIDs?
• What about RNAV Graphic ODPs?
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US IFPP DWG Recommendations


ACM-IPG 17-02-330 Climb Gradients for SIDs –
Issue was referred to the US-IFPP Departure 
Working Group (DWG) and discussed at most 
recent meetings. Several concerns need to be 
addressed in order to accept the 
recommendations.
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Administration


Summary: Introduced by SWA. Recommendation to calculate and publish 
ATC climb gradients and to require Flight Standards approval for any ATC 
crossing restriction that requires a climb of more than 500 feet per NM.


Current Status:  
• ACM working groups held to refine recommendations.
• Recommendations referred to US-IFPP DWG.
• Requirement to calculate (not publish) an ATC climb gradient and obtain AFS 


approval if more than 500 feet per NM added to Order 8260.46G.


Actions:
• Report on DWG status. (Bordy)
• Consult with performance engineers to examine the 500 ft/NM value used for 


determining when AFS approval is required. Concern is whether this is 
adequate for higher elevation airports. (Bordy)


17-02-330 Climb Gradients for SIDs



Presenter

Presentation Notes

7910.5D.    Last issued Dec 2016.  Revised formatting, updated audience, increased time to prepare minutes from 30 days to 45 days. Updated distribution list, history of ACF, and related publications. 8260.3C.    8260.3D in external coordination which closes end of this month. Primary change amends ILS final and missed criteria to mimic LPV criteria. Changes include clarification related to decel calculations for STARS,   added requirement to add an altitude restriction to any fix that has a speed restriction.  Revised requirements related to the evaluation of precipitous terrain (for other than approach procedures).  Added exceptions to the 1 SM rule if no parallel taxiway. Added language to support the “Established  on RNP/PBN” concept for simultaneous operations. 8260.15E.    Last issued February 2007.  No immediate changes planned.8260.19H.    Issued July 2017.  Increased magnetic variation tolerance for VORs from 3 degrees to 5 degrees.  Removed almost all IFP NOTAM policy since it’s been incorporated into Order 7930.2, Notices to Airmen.  Revised PBN requirements notes to support charting of PBN requirements box.  Next edition draft just starting; estimate publication 9 to 12 months.  8260.26F.    Change 1 issued May 2017 to correct some dates in the timetable.8260.32E.    Last issued September 2011.  No changes planned.8260.42B.    Change 1 issued November 2012.8260.46F.    Last issued December 2015.  New version should be out for external coordination in 60 days. New version removes all references to ARINC, removes references to turboprop and turbojet, added examples of speed notes to encourage standardization, clarifies Top Altitude requirements, removes requirement to document detailed list of takeoff obstacles from Form 8260-15B for SIDS, and insteads refers to Form 8260-15A for takeoff obstacle information. Adds requirement to always document Takeoff Obstacles on form 8260-15A, even when a graphic ODP exists.    8260.58A.     Change 1 issued March 2017.  Added A-RNP to all sections to enable development of A-RNP IFPs.  8260.52B being drafted now to add RNP AR departure criteria and to incorporate the content of Order 8260.42B.  Expected publication late 2018.8260.59.    Issued January 2013. 
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Pilot Planning


Are pilots required to meet or exceed climb gradients?


Flight Standards – Pilot must comply with all published information


Are pilots required to comply with published altitude restrictions?
Flight Standards – Pilot must comply with all published information


ATC – Pilot must comply with all published information
Regulations - Pilot must comply with all published information


FAA Orders - Pilots are expected to determine if crossing altitudes can be met 
based on the performance capability of the aircraft they are operating


How do pilots determine the altitude restrictions can be met?


Published information on the charted procedure
Problem – climb gradient information for ATC restrictions is not 


published!
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Why are required climb gradients no longer published?


Problem 


Should aircraft be able to meet published climb gradients?
Aircraft should have the ability to meet climb gradients using a NORMAL climb 


profile


Order 8260.46F states – ATC CGs will not be charted


Urban Myth – True or false, the aircraft gives the pilots needed information to 
comply with published altitude restrictions.


False - Aircraft climb on a speed not a defined path!
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• With critical climb gradients properly published pilot’s can meet climb 
gradients reviewed and approved by industry experts


• Pilots do not fly the climb profile as per OEM thoughts or guidance
• Pilots understand the climb profile is not linear
• Pilots understand how to meet properly charted climb gradients


Pilots and Climb Gradients
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DAL EMMTT 4 Departure


DAL Climb Gradient


Climb Gradient


Runway 31L to FLOWT (ACFT) 621 FT/NM
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TERPZ 6 Departure


BWI Climb Gradient


Climb Gradient


Runway 28 to FOXHL (ACFT)  480 FT/NM
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BWI TERPZ 6 Climb Gradient
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• Any climb gradient greater than 500 ft/nm requires AFS approval
• Use a linear slope calculation not a point to point calculation
• Publish climb gradients that comply with all restrictions
• ATC restrictions require a published climb gradient


Recommendations
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Questions
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What is a “Climb Gradient” 
NBAA Response to 
ACF IPG17-02-330 
ACF IPG 1702, Frederick, MD, October 2017 


Richard J. Boll II 
NBAA Access Committee 
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What is a “Climb Gradient”? 
TAKEOFF MINIMUMS: Rwy 34, 400-1¼ or std. with a min. climb of 555' per NM to 900. 


 Simple to appreciate 


 “Rise v. Run” value 555 Feet 


1 NM 
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TERPS Application 


 Defines Obstacle Clearance 
Surfaces 


Boeing Presentation to Society of Aircraft Performance & Operations Engineers 
– Atlanta GA, January 2017 
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TERPS Application 


 Defines the climb gradient 
 Achieve required obstacle


clearance 


 Pilot must climb 555’ per NM 
to 900’ 
 Or does it? 


Boeing Presentation to Society of Aircraft Performance & Operations Engineers 
– Atlanta GA, January 2017 
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Operational Application 
AC 120-91, Airport Obstacle Analysis 


 7. TERPS CRITERIA VERSUS ONE-ENGINE-INOPERATIVE REQUIREMENTS. 


 a. Standard Instrument Departures (SID) or Departure Procedures (DP) based on TERPS or ICAO Procedures for Air 
Navigation Services—Aircraft Operations (PANS-OPS) are based on normal (all engines operating) operations. Thus, one-
engine-inoperative obstacle clearance requirements and the all-engines-operating TERPS requirements are independent, and 
one-engine-inoperative procedures do not need to meet TERPS requirements. Further, compliance with TERPS all-engines-
operating climb gradient requirements does not necessarily assure that one-engine-inoperative obstacle clearance 
requirements are met. TERPS typically use specified all-engines-operating climb gradients to an altitude, rather than 
certificated one-engine-inoperative airplane performance. TERPS typically assume a climb gradient of 200 feet per nautical 
mile (NM) unless a greater gradient is specified. For the purposes of analyzing performance on procedures developed under 
TERPS or PANS-OPS, it is understood that any gradient requirement, specified or unspecified, will be treated as a plane which 
must not be penetrated from above until reaching the stated height, rather than as a gradient which must be exceeded at all 
points in the path. Operators must comply with 14 CFR requirements for the development of takeoff performance data and 
procedures. There are differences between TERPS and one-engine-inoperative criteria, including the lateral and vertical 
obstacle clearance requirements. An engine failure during takeoff is a non-normal condition, and therefore takes precedence
over noise abatement, air traffic, SIDs, DPs, and other normal operating considerations. 
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Operational Application 
AC 120-91, Airport Obstacle Analysis 


Boeing Presentation to Society of Aircraft Performance & Operations 
Engineers – Atlanta GA, January 2017 


For the purposes of analyzing performance on procedures developed under TERPS or PANS-OPS, it is understood that any 
gradient requirement, specified or unspecified, will be treated as a plane which must not be penetrated from above until reaching 
the stated height, rather than as a gradient which must be exceeded at all points in the path 


IFR Climb Gradient Surface 


Obstacle Clearance Surface 
/Obstacle Identification Surface 


DER 


ROC* 


Climb Gradient 
Termination Altitude (?) 
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Operational Application 
One-Engine Inoperative (OEI) Regulatory Takeoff Obstacle Clearance 


Boeing Presentation to Society of Aircraft Performance & Operations 
Engineers – Atlanta GA, January 2017 


 Climb Gradient Not Used 


 OEI Flight Path Flown 
• Mandatory part 121 & 135 


• Best Practice part 91/91K 


 Flight path defined by part 25 


 Published in the AFM 
• Speed 
• Thrust 
• Configuration 


• Bank angle 







 
 


 


 


 


 
 


 
   


 


 


 


 


 
  


  


  
  


  


8 


Operational Application 
All-Engines-Operating (AEO) Performance 


Boeing Presentation to Society of Aircraft Performance & Operations 
Engineers – Atlanta GA, January 2017 


 Climb Gradient Not Used 


 Flight Path Flown 


 Flight path not defined by part 25 


 Flight path is not published in the AFM 


 Advisory data may be furnished 
• Not all airplanes 


• Varied format 


 Performance variable 
• Pilot 
• Environmental 
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 AEO Flight Path 
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Boeing Presentation to Society of Aircraft Performance & Operations 
Engineers Atlanta GA, January 2017 


 


– 


For the purposes of analyzing performance on procedures developed under TERPS or PANS-OPS, it is understood 
that any gradient requirement, specified or unspecified, will be treated as a plane which must not be penetrated from 
above until reaching the stated height, rather than as a gradient which must be exceeded at all points in the path 
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9000B 


11900A 
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11900A 







 


  
  


 
  
  


 


  
 


NBAA Concerns 


 Climb gradient requirements during initial climb (prior to acceleration) are 
relatively easy to assesses compliance 


• Lack of data 
• Initial performance easy to assess based on pilot’s airplane knowledge 


 Climb gradients above acceleration altitude are problematic 
• Lack of data 
• Variable weather (e.g., wind, temperature, etc.) 
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• Variable pilot technique (e.g., configuration, speed acceleration, de-rate thrust, etc.) 
• ATC intervention 
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NBAA Proposal 
Climb Gradient for Obstacle: 
Climb gradient represents a surface that cannot be penetrated from 
above during the climb 


Boeing Presentation to Society of Aircraft Performance & Operations 
Engineers – Atlanta GA, January 2017 


IFR Climb Gradient Surface 


Obstacle Clearance Surface 
/Obstacle Identification Surface 


DER 


ROC* 


Climb Gradient 
Termination Altitude (?) 
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NBAA Proposal 
Climb Gradient for (ATC): 
Climb gradient represents 
the measure of aircraft 
performance required from 
the beginning of the climb 
to the stated altitude. 


Boeing Presentation to Society of Aircraft Performance & Operations 
Engineers – Atlanta GA, January 2017 
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NBAA Proposal 
Revision to AIM 5-2-8 b. 5. 


 5. (a): Climb gradients greater than 200 FPNM are specified when required to support procedure 
design constraints, obstacle clearance, and/or airspace restrictions. The climb gradient is treated 
as a sloping surface which must not be penetrated from above from the DER until reaching the 
stated height, rather than as a gradient which must be exceeded at all points in the path. 
Compliance with a climb gradient for these purposes is mandatory when the procedure is part of 
the ATC clearance, unless increased takeoff minimums are provided and weather conditions allow 
compliance with these minimums. 


 5. (b): Additionally, ATC required crossing restrictions may also require climb gradients greater 
than 200 FPNM. These climb gradients may be amended or canceled at ATC’s discretion. Multiple 
ATC climb gradients are permitted. An ATC climb gradient will not be used on an ODP. An ATC 
climb gradient represents a measure of aircraft performance required from the beginning of the 
climb to the published altitude rather than a surface that must not be penetrate or a gradient that 
must be exceeded at all points during the climb. 
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NBAA Proposal 
Revision FAA Order 8260.46  2-2-1 e. (2) 


(2) Charting a minimum climb gradient (CG). Establish a single minimum CG exceeding 200 ft per NM [400 
ft per NM for helicopters beginning at the initial departure fix (IDF)] whenever required for obstruction 
clearance and include the altitude to which the gradient is required in the Takeoff Minimums note; e.g., 
“(Takeoff minimums) with minimum climb of 300 ft per NM to 4300.” When a CG is necessary to support a 
shortened ICA that requires establishing a crossing altitude to ensure RNAV LNAV engagement occurs before 
turning (e.g., 500 ft per NM to 1300), a reduced, second CG may be established in this situation only (i.e., a 
maximum of two CGs). See applicable 8260-series orders for the appropriate criteria to use when establishing 
a minimum CG. A single ATC climb gradient is permitted on SIDs to meet published altitude restrictions; 
however, the ATC climb gradient must not be less than that required for obstacle clearance. Enter minimum 
CG and associated termination altitude for charting on the appropriate 8260-15 series form [see appendix D, E, 
or F]. 
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NBAA Proposal 
Revision FAA Order 8260.46  2-2-1 e. (2) 
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NBAA’s Proposal 


 Return ATC climb gradients to SIDs 
• Can be amended/canceled by ATC 


 Revise AIM to clearly define purpose of climb gradient: 
• Obstacle/procedure CG: Surface that cannot be penetrated from above 
• ATC CG: Reference for pilot to use in assessing overall required climb performance to the stated altitude 


 Concur with rest of SWA’s recommendation. Request: 
• Establish industry concurrence with any climb gradient exceeding 500 FPNM below 5000’ field elevation 


and 300 FPNM above 5000’ field elevation 
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Extra Slides 
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AFM Example OEI Takeoff Flight Path 
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Advisory All-Engines-Operating 
Climb Data 
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Should FAA Require All Engines Operating Flight Path Data 
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