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COPS Overview and General Aspects 1

COPS is

� the "Convective and Orographically-induced Precipit ation Study"

� a large international meteorological field campaign

� involving ground-based and airborne instruments  

� taking place over SW Germany in summer 2007 

� partly funded by the Deutsche Forschungsgemeinschaf t (DFG)

� an experiment dedicated to improve the forecast of precipitation 

over  complex terrain

for more information: http://www.uni-hohenheim.de/spp-iop/index.htm

http://www.cops2007.de

Institut für
Physik der
Atmosphäre



Scenario “Forced Convection” (COPS)

Scenario “High Pressure Convection” (COPS, TRACKS)

Associated to the COPS field experiment is the TRACKS (Transport and 
Chemical Conversion in Convective Systems) campaign. For aircraft 
deployment in COPS and TRACKS five mission scenarios were defined:

Scenario “Targeted Observations” (COPS)

Scenario “City Plume” (TRACKS)

COPS and TRACKS: Overview and General Aspects 2

Scenario „Stratus – Cloud Physics“ (COPS)
funded by EUFAR (2 proposals)



Area under investigation: COPS area with sub areas blue and green
TRACKS areas green and pink 
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TRACKS areas

„City Plume“ (pink)
and

„Convective Transport“
(green)
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Overview of COPS and TRACKS Airborne Platforms
(all mission scenarios)
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Availability of COPS Airborne Platforms
(all mission scenarios; colour code: area of operatio n)

Partenavia

Enduro

ATR 42

Zeppelin

Dimona

DO 128

BAE-146

F-Falcon

G-Falcon

Learjet

Platform 3
0

1 2 3 4 5 2
9

2
8

2
7

2
6

2
5

2
4

2
3

2
2

2
1

2
0

1
9

1
8

1
7

1
6

1
5

1
4

1
3

1
2

1
1

1
0

9876

Juni 2007

Partenavia

Enduro

ATR42

Zeppelin

Dimona

DO 128

BAE-146

F-Falcon

G-Falcon

Learjet

Platform 3
0

1 2 3 4 5

nihtiwsyadnwod2

3
1

2
9

2
8

2
7

2
6

2
5

2
4

2
3

2
2

2
1

2
0

1
9

1
8

1
7

1
6

1
5

1
4

1
3

1
2

1
1

1
0

9876

Juli 2007



Availability of COPS Airborne Platforms
(all mission scenarios; colour code: area of operatio n)

In the following slides, each of the 5 COPS and 
TRACKS mission scenarios is explained in detail with 
maps, lists of participating aircraft and timelines.
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Areas and Layers of Operation of Airborne Platforms

VFR< FL 100GREENUL Enduro8
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IFR
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REDBAE 146
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Scenario “Forced Convection”



Blue Sky --- > Shallow Convection -- > Deep Convectio n-- > Dis. Convection
forced, non frontal/frontal 

07—08--09---10---11---12---13---14---15---16---17---18---19---20---21---22  local

Mission Scenario “Forced Convection”

Learjet --------------4 BOX pattern, tropopause -------4 BO X pattern, outflow anvil--------------------------- -----

---------------FL 370, low appr. EDSB ----------- FL  370, low appr. EDSB ------------------------------- ------

G-Falcon -------------------------MAP pattern (2 MAPs) ----- --��� � MAP pattern CuCong, Cb ---------------------------

--------------------------FL 330 -----------------------------��� � FL 330 -----------------------------------------------------

F-Falcon -------------------------MAP pattern (1 MAP) ------ ---��� � MAP pattern CuCong, Cb- ---------------------------
-------------------------FL 160 -----------------------------��� � FL160 (Area A, B deactivated) ----------------------

(*)BAE 146------------------------------LONG-LEGS, V-legs---- -��� � PENETRATION Cb------------------------------------- -
-----------------------------VFR < FL 100----------------��� � FL 200/240 -----------------------------------------------

(*)DO 128--------PreCon pattern----SupDe pattern (3x)-------- DROP pattern (DeDe)-------------------------------- --
--------low PBL (VFR)------low, mid PBL, BL-Inv --- up to FL 200/240,  DROPS Area A, ---------------

*Zeppelin --Valley pattern (Rhine-Kinzig-Murg-Nagold)-------- -----Valley pattern (R-K-M-N)-- ��� � CuCong----
---lowest level, VFR------------------------------- -----------------lowest level, VFR----------- ��� � on request-

*Dimona -------------------------MAP (2 MAPs) or Valley----- ------------MAP (2 MAPs) or Valley----------------- -----
-------------------------lowest level PBL (VFR)---- ---------------lowest level PBL (VFR)-------------- ---------

*Enduro -------------------------Triangle or Cross-Sec., pro files ------Triangle or Cross-Sec., profiles ------ -----
--------------------------low PBL, FL100 (VFR)----- ----------------low PBL, FL100 (VFR)--------------- ---------

*: VFR



Mission scenario “Forced Convection” 
Missions above FL100:

Learjet
German Falcon
French-Falcon
BAe 146
Do 128

Dropsonde release over German territory

Remarks:

1.   F-Falcon dashed mission: only if drop sonde areas A and B are deactivated
2.   BAe 146 climbing to FL 240 on request and appro val
3. DO 128 climbing and dropping on FL 240 on request  and approval
4. Upper boundary for VFR flights: FL 100 in Germany , FL 95 in France 
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FL 245
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Hohn Hohn

OP OP

Mission Scenario: Forced Convection

FL 95



Scenario:     Forced Convection
Platform 1:   Learjet, FL 370
Mission:       ANVIL-BOX

# Approach: from Hohn, 60 min

# Weather: blue sky, shallow convection

# Flight level: FL 330 – 400

# Pattern: Box (within green area)

# Repetition: 3 – 5 boxes per flight

# Dropsondes: no

# Coordination: G-Falcon

# Airbase: Hohn
KA Baden/Baden, EDSB,  
low approach and/or stopover

# Profiles: Rhine valley, low approach EDSB

# Remarks: repetition of box pattern after 
stopover at EDSB if deep 
convection has developed (3-5 
times around and over Cb)

# Departure:     to Hohn



Scenario: Forced Convection
Platform 2: G-Falcon, FL 330
Mission: MAP - pattern
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Black area
not activated for
DO 128 and BAe 146 

B D E F GC
1

2

3

4

5

Green area: 
preferred 
dropsonde 
release zone 
for F-Falcon

Scenario: Forced Convection
Platform 3: F-Falcon, FL 160
Mission: MAP - pattern



# Upper flight level
up to FL 200
on request and approval up to FL 240

# Lower flight level
500 ft agl

# Dropsondes
none

# Coordination
DO 128, staggered 2000 ft  

# Airbase
KA Baden/Baden, EDSB

# Pattern
cell pattern below and through 
CuCon, Cb depending on their life cycle

# Profiles
none

Scenario:   Forced Convection
Platform 4: BAe 146
Mission: Cloud Penetration

Areas A,B activated

A B

1 2
3

4
5

67

8

Supersites



# Upper flight level
up to FL 200
on request and approval up to FL 240

# Lower flight level
500 ft agl

# Dropsondes
released by IBUF

# Coordination
BAE 146

# Airbase
KA Baden/Baden, EDSB

# Pattern
cell pattern below, through and around
CuCon, Cb depending on their life cycle

# Profiles
on demand (< FL 220)

Scenario:   Forced Convection
Platform 5: DO 128
Mission: Dropping

Areas A,B activated

Supersites

A B

1 2
3

4
5

67

8



Areas and Layers of Operation of Airborne Platforms

VFR< FL 100GREENUL Enduro8

No participation in “High Pressure Convection”Partenavia P689
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No.

No participation in “High Pressure Convection”ATR42

VFR< FL 100GREENZeppelin NT
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VFR
IFR
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FL 200/240

BLUEDO-128 (D-IBUF)

VFR
IFR

< FL 100,
FL 200/240

REDBAE 146
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IFRFL 170REDG - Falcon  (D-CMET)

No participation in “High Pressure Convection”Learjet 

IFR/VFR
Operation

Flight level
(Flight layer)

AreaAircraft

Scenario “High Pressure Convection”



Blue Sky --- > Shallow Convection -- > Deep Convectio n-- > Dis. Convection
non frontal / non forced

07—08--09---10---11---12---13---14---15---16---17---18---19---20---21---22  local

Mission Scenario A “High Pressure Convection”

Learjet -------------------------------------------------------------------------------------------------------------------------------------

G-Falcon ---------------FLUX pattern (up to 3 times) --- ��� � MAP pattern CuCon, Cb------------------------------ -------
----------------FL 170 ---------------------------------��� � FL 330------------------------------------------------------------

F-Falcon ---------------------------MAP pattern (1) -------- -��� � MAP pattern CuCong, Cb- ----------------------------------
---------------------------FL 160----------------------��� � FL160 (Area A, B deactivated) ----------------------------

(*)BAE 146------------------------------LONG-LEGS, V-Legs--- ��� � PENETRATION Cb------------------------------------- --
-----------------------------VFR < FL 100--------------��� � FL 200/240 --------------------------------------------------

(*)DO 128---------------FLUX pattern (2 to 3)--------------- -��� � DROP pattern (DeDe)--------------------------------- ------
---------------mid/upper PBL (VFR)--------------- ��� � up to FL 200/240, DROPS Area A, B -------------------

*Zeppelin --Valley pattern (Rhine-Kinzig-Murg-Nagold)-------- -----Valley pattern (R-K-M-N)-- ��� � CuCong------
---lowest level, VFR------------------------------- -----------------lowest level, VFR----------- ��� � on request---

*Dimona -----------------------------MAP (2 MAPs) or Valley- -------------MAP (2 MAPs) or Valley---------------- -------
-----------------------------lowest level PBL (VFR) ----------------lowest level PBL (VFR)------------- -----------

*Enduro -----------------Triangle/Cross-Section/Slope------- ------------Triangle/Cross-Section/Slope----------- ----
------------------low PBL, FL100 (VFR)------------- -----------------low PBL, FL100 (VFR)-------------- -----------

*: VFR



Blue Sky --- > Shallow Convection -- > Deep Convectio n-- > Dis. Convection
non frontal / non forced

07—08--09---10---11---12---13---14---15---16---17---18---19---20---21---22  local

Mission Scenario B “High Pressure Convection”

Learjet ------------------------------------------------------------------------------------------------------------------------------------

G-Falcon ----------------------------------------------------------------------------------------------------------------------------------

F-Falcon -----------------------------------------------------------------------------------------------------------------------------------

(*)BAE 146------------------------LONG-LEGS, V-Legs------- ��� � PENETRATION Cb------------------------------------- ----
-----------------------VFR < FL 100------------------��� � FL 200/240 ----------------------------------------------------

(*)DO 128-------------SS-QC------------------CHAFF R/SVs/HL- --------SS QC-------------------------------------------------
-------------VFR < FL 100---------PBL, very low---- ---------VFR < FL 100----------------------------------------

���������	�
(*)DO 128-------------SS-MET-----------------CHAFF R/SVs/HL- -------SS MET-----------------------------------------------

-------------VFR < FL 100----------PBL, very low- -----------VFR < FL 100---------------------------------------

*Zeppelin --Valley pattern (Rhine-Kinzig-Murg-Nagold)-------- -----Valley pattern (R-K-M-N)-- ��� � CuCong----
---lowest level, VFR------------------------------- -----------------lowest level, VFR----------- ��� � on request-

*Dimona -----------------------------MAP (2 MAPs) or Valley- -------------MAP (2 MAPs) or Valley---------------- ------
-----------------------------lowest level PBL (VFR) ----------------lowest level PBL (VFR)------------- ----------

*Enduro -----------------Triangle/Cross-Section/Slope------- ------------Triangle/Cross-Section/Slope----------- ---
------------------low PBL, FL100 (VFR)------------- -----------------low PBL, FL100 (VFR)-------------- -----------

*: VFR



Mission scenario “High Pressure Convection”
Missions above FL100:

German Falcon
French-Falcon
BAe 146
Do 128

Dropsonde release over German territory

Remarks:

1.   F-Falcon dashed mission: only if drop sonde areas A and B are deactivated
2.   BAe 146 climbing to FL 240 on request and appro val
3. DO 128 climbing and dropping on FL 240 on request  and approval
4. Upper boundary for VFR flights: FL 100 in Germany , FL 95 in France 
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Scenario:   High Pressure Convection
Platform 2: G-Falcon, FL170
Mission: FLUX pattern Supersites

Black Area
not activated
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5

D E F G



Scenario:   High Pressure Convection
Platform 5: DO 128, < FL100
Mission: FLUX pattern
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Black area
not activated for
DO 128 and BAe 146 

B D E F GC
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Green area: 
preferred 
dropsonde 
release zone 
for F-Falcon

Scenario: High Pressure Convection
Platform 3: F-Falcon, FL 160
Mission: MAP pattern



Scenario: High Pressure Convection
Platform 2: G-Falcon, FL 330
Mission: MAP - pattern
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# Upper flight level
up to FL 200
on request and approval up to FL 240

# Lower flight level
500 ft agl

# Dropsondes
none

# Coordination
DO 128, staggered 2000 ft  

# Airbase
KA Baden/Baden, EDSB

# Pattern
cell pattern below and through 
CuCon, Cb depending on their life cycle

# Profiles
none

Scenario:   High Pressure Con
Platform 4: BAe 146
Mission: Cloud Penetration

Areas A,B activated

A B

1 2
3

4
5

67

8

Supersites



# Upper flight level
up to FL 200
on request and approval up to FL 240

# Lower flight level
500 ft agl

# Dropsondes
released by IBUF

# Coordination
BAE 146

# Airbase
KA Baden/Baden, EDSB

# Pattern
cell pattern below, through and around
CuCon, Cb depending on their life cycle

# Profiles
on demand (< FL 220)

Scenario:   High Pressure Con
Platform 5: DO 128
Mission: Dropping

Areas A,B activated

Supersites

A B

1 2
3

4
5

67

8



Black area
no more activated for
DO 128 and BAe 146

B D E F GC
1
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4

5

Green area: 
preferred 
dropsonde 
release zone 
for F-Falcon

Scenario: High Pressure Convection
Platform 3: F-Falcon, FL 160
Mission: MAP  pattern



Areas and Layers of Operation of Airborne Platforms

No participation in “Targeted Observations”UL Enduro8

No participation in “Targeted Observations”Partenavia P689

10
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3

2

1

Aircraft
No.

No participation in “Targeted Observations”ATR42

No participation in “Targeted Observations”Zeppelin NT

No participation in “Targeted Observations”Dimona

No participation in “Targeted Observations”DO-128 

No participation in “Targeted Observations”BAE 146

No participation in “Targeted Observations”SAFIRE Falcon

IFRFL 310 - 410western 
Europe

DLR Falcon

No participation in “Targeted Observations”Learjet 

IFR/VFR
Operation

Flight level
(Flight layer)

AreaAircraft

Scenario “Targeted Observations”



Blue Sky --- > Shallow Convection -- > Deep Convectio n-- > Dis. Convection

07—08--09---10---11---12---13---14---15---16---17---18---19---20---21---22  local

Mission Scenario “Targeted Observations”
with forced convection predicted on next day

Learjet ------------------------------------------------------------------------------------------------------------------------------------

G-Falcon ------Targeted pattern ---------------------------- -------------------------------------------------------------------------
------FL 310 - 410, Drops, above tropopause preferre d, unless thick Ci is present------------------

F-Falcon -------------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------------

BAE 146 ------------------------------------------------------------------------------------------------------------------------------------

DO 128---------------------------------------------------------------------------------------------------------------------------------------

Zeppelin --------------------------------------------------------------------------------------------------------------------------------------

Dimona --------------------------------------------------------------------------------------------------------------------------------------

Enduro --------------------------------------------------------------------------------------------------------------------------------------

Assimilation of dropsdonde data in ECMWF 12 UTC forecast

Assimilation of lidar data for mesoscale 18 UTC forecast (or earlier if available)

! Mission Scenario "Forced Convection" following on next day !



Platform 2: G-Falcon

Mission Scenario “Targeted Observations”

Red box: target region.

Black segment: sector of likely target 
regions with a radius of 1800 km.

Measurements along PV streamers or 
streamlines during transfer to target 
region.

• Wind lidar in scanning mode

• FL 310 - 410

• ~20 flight hours (5 flights)

• ~30 dropsondes
Question: Dropsondes over

France: ?
Spain: yes
GB: ?

Relative humidity and geopotential height at 
400 hPa on 18.6.02 12UT, 30 h before heavy 
precipitation occurred in the Black Forest.



Platform 2: G-Falcon

COPS science questions: CI, advection of humidity

Large-scale conditions: forced convection expected 1- 2 days later over COPS 
area

Mission details:

• Falcon operation in upstream sensitive region (= target), most likely within a sector
west to the COPS region (see map);

• measurements along PV streamers or streamlines during transfer to target region;

• Box pattern or equivalent within target region to capture humidity amount and var.;

• FL 310 - 410;

• 20 flight hours (5 flights);

• 30 dropsondes.

Combination with mission scenario "Forced Convection" on the following day preferred.

Mission Scenario “Targeted Observations”



Areas and Layers of Operation of Airborne Platforms

IFR/VFRup to FL 120greenPartenavia9

No participation in “Stratus – Cloud Physics”Dimona6

No participation in “Stratus – Cloud Physics”Zeppelin NT7

IFR/VFRup to FL 200blueATR4210

8

5

4

3

2

1

Aircraft
No.

No participation in “Stratus – Cloud Physics”UL Enduro

No participation in “Stratus – Cloud Physics”DO-128 (D-IBUF)

No participation in “Stratus – Cloud Physics”BAE 146

No participation in “Stratus – Cloud Physics”F - Falcon

No participation in “Stratus – Cloud Physics”G - Falcon  (D-CMET)

No participation in “Stratus – Cloud Physics”Learjet 

IFR/VFR
Operation

Flight level
(Flight layer)

AreaAircraft

Scenario “Stratus- Cloud Physics”



-------------------stratus---------stratus--------- ---stratus------------stratus-------------------

07—08--09---10---11---12---13---14---15---16---17---18---19---20---21---22  local

Mission Scenario “ Stratus- Cloud Physics ”

Learjet ------------------------------------------------------------------------------------------------------------------------------------

G-Falcon ----------------------------------------------------------------------------------------------------------------------------------

F-Falcon -----------------------------------------------------------------------------------------------------------------------------------

BAE 146 ------------------------------------------------------------------------------------------------------------------------------------

DO 128 -------------------------------------------------------------------------------------------------------------------------------------

Zeppelin ------------------------------------------------------------------------------------------------------------------------------------

Dimona ------------------------------------------------------------------------------------------------------------------------------------

Enduro --------------------------------------------------------------------------------------------------------------------------------------

Partenavia --------------slant profiles above Murg valley and A MF--------------------------------------------------------
---------------up to FL 120, below and within strat us------------------------------------------------- -----------

ATR42 --------------slant profiles above SS: V-R-H-AMF an d Polirad (triangle)-------------------------------- --
---------------up to FL 200, below and within Ac, A s, Ns clouds--------------------------------------- ------



Scenario:   Stratus-Cloud Physics 
Platform 9: P68
Mission: SLANT PROFILES
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# 7-8 flight hours 
(2-3 flights) in July

# Remarks:
-non-freezing Stratus clouds
-overpasses of Supersites
H (Hornisgrinde) and 
M (Murgtal, Heselbach)



Scenario:   Stratus-Cloud Physics 
Platform 9: P68
Mission: SLANT PROFILES

# Flight level:
FL 120-60,
Profiling on legs,
if possible “Direct Pabla” 
along red dotted leg.

# Pattern repetition:
max. 3 times

# Dropsondes:
none

# Coordination:
ATR 42

# 7-8 flight hours 
(2-3 flights) in July

# Remarks:
non-freezing Stratus clouds
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Scenario:   Stratus-Cloud Physics 
Platform 9: P68
Mission: SLANT PROFILES

# Flight level:
up to 6.000 ft

# Legs:
between predefined 
waypoints (24 hours in
advance)

# Dropsondes:
none

# Coordination:
ATR 42 ???

# 7-8 flight hours 
(2-3 flights) in July

# Remarks:
VFR-conditions below MRVA
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Scenario:   Stratus-Cloud Physics 
Platform 10: ATR42
Mission: SLANT PROFILES Pattern Overview



Scenario:   Stratus-Cloud Physics 
Platform 10: ATR42
Mission: SLANT PROFILES Step1: slant profile W-E, ascent



Areas and Layers of Operation of Airborne Platforms

No participation in “City Plume - Lagrange ”Partenavia P689

No participation in “City Plume - Lagrange ”UL Enduro8

10

7

6

5

4

3

2

1

Aircraft
No.

No participation in “City Plume - Lagrange ”ATR42

VFR< FL 100PinkZeppelin NT

VFR< FL 100pinkDimona

VFR< FL 100pinkDO-128 (D-IBUF)

No participation in “City Plume - Lagrange ”BAE 146

No participation in “City Plume - Lagrange”F - Falcon

No participation in “City Plume - Lagrange”G - Falcon  (D-CMET)

No participation in “City Plume - Lagrange”Learjet 

IFR/VFR
Operation

Flight level
(Flight layer)

AreaAircraft

Scenario “City Plume - Lagrange”



-----Blue Sky --------> Shallow Convection -------- - >Dis. Convection------------------

07—08--09---10---11---12---13---14---15---16---17---18---19---20---21---22  local

Mission Scenario “City Plume - Lagrange”

Learjet ------------------------------------------------------------------------------------------------------------------------------------

G-Falcon ----------------------------------------------------------------------------------------------------------------------------------

F-Falcon -----------------------------------------------------------------------------------------------------------------------------------

(*)BAE 146---------------------------------------------------------------------------------------------------------------------------------

(*)DO 128--------Lee Cross Sections (6)-------- Lee Cross Sect ions (6)------------------------------------------- ------
--------FL 1000 ft, 3000 ft agl-----------FL 1000 f t, 3000 ft agl------------------------------------- ---------------

*Zeppelin ---------------Lee Zick-Zack pattern—(long time) --- ---------------------------------------------------------------
---------------FL 1000 ft agl, up to 7 hours durati on ------------------------------------------------ ---------------

*Dimona ----------------Lee Cross Sections (3)-------------- -----------------------------------------------------------------------
---------------FL 1000 ft, 2000 ft agl ------------- -------------------------------------------------------------------------

*Enduro -------------------------------------------------------------------------------------------------------------------------------------

Partenavia P68 ----------------------------------------------------------------------------------------------------------------------------

ATR42----------------------------------------------------------------------------------------------------------------------------------------

*: VFR



Scenario:   City Plume –
Lagrange/South 

Platform 5: DO 128
Mission:     Lee Cross-Sections

EDSB

37

8

4

1

green:1000 ft
turquoise: 3000 ft



Scenario:    City Plume-Lagrange/South
Platform 6:  Zeppelin NT
Mission:      Lee Zick - Zack

EDSB

1

23

13

23

33
35

pink: 1000 ft



Scenario:     City Plume -
Lagrange/South

Platform 7:   Dimona
Mission:       Lee Cross-Section

EDSB

1

green: 1000 ft, 2000 ft

2
3

45

6

7

8

9

10


