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Project	  Objectives	  

•  Determine	  from	  literature	  and	  key	  informant	  consulta3ons	  key	  
variables	  influencing	  the	  success	  of	  managed	  realignment	  projects	  

•  Develop	  a	  suite	  of	  marshland	  assessment	  metrics	  
within	  a	  geographical	  informa6on	  system	  (GIS)	  

•  Apply	  these	  metrics	  to	  the	  current	  extent	  of	  the	  NS	  
Department	  of	  Agriculture	  marshlands	  atlas	  and	  assign	  
marsh	  bodies	  to	  three	  classes	  of	  priority	  

•  Consult	  with	  key	  stakeholders	  to	  iden3fy	  poten3al	  areas	  for	  
managed	  realignment	  	  in	  the	  present	  and	  future	  	  

•  Develop	  a	  guidance	  document	  and	  framework	  for	  conduc3ng	  an	  
effec3ve	  managed	  realignment	  project	  



Project	  Scope	  and	  Data	  Format	  

•  Scope:	  Avon,	  Cornwallis,	  Annapolis	  River	  and	  Digby	  

•  Format:	  ArcGIS	  Geodatabase;	  Excel	  matrix	  
•  Polygon	  feature	  class	  
•  AIribute	  tables,	  ~45	  aIributes	  

•  Unit	  of	  measurement:	  Restorable	  Cell	  
•  Self-‐contained	  cell	  
•  Area	  flooded	  by	  removal	  of	  the	  dyke/dam/causeway/etc.	  	  
•  Polygon	  Boundaries	  defined	  by	  HHWLT	  +SLR	  to	  2055	  from	  Lidar	  
surface	  	  

•  Data	  Sources:	  NSDA	  data,	  Marshlands	  Atlas,	  NSTDB,	  Lidar	  surface,	  
Aerial	  photos/google	  maps	  (streetview)	  



Realignment	  Score	  

√∑↑▒𝑬𝒄𝒐𝒔𝒚𝒔𝒕𝒆𝒎  𝒔𝒆𝒓𝒗𝒊𝒄𝒆𝒔  /𝒏                 +                 √∑↑▒𝑨𝒅𝒂𝒑𝒕𝒊𝒗𝒆  
𝑪𝒂𝒑𝒂𝒄𝒊𝒕𝒚  /𝒏 	  
	  
−       √∑↑▒𝑪𝒐𝒔𝒕  /𝒏 	  



Assessment	  Metrics:	  Attributes	  

Descrip3ve	  

NSDA	  Derived	  
MarshNOM,	  
Text_label,	  
NSDA_tract,	  

Current	  Land	  Use	  

OTHER	  
Cell,	  HHWLT,	  

MHW	  

Ecosystem	  
Services	  

MORPHOLOGY	  
Area,	  W:L	  Ra3o	  

HYDROLOGY	  
Aboiteaux,	  ABTSize,	  
Drainage	  Density	  

HABITAT	  QUALITY	  
P:A	  Ra3o,	  

Thickness,	  Depth,	  
Terrain	  Variability,	  

PM:A	  Ra3o	  

FLORA	  &	  FAUNA	  
Biomass	  

Adap3ve	  
Capacity	  

Accommoda3on	  
Space	  

Dyke	  Length	  
Foreshore	  width	  

Exposure	  
Width	  
Area	  
Depth	  
Biomass	  

PM:A	  Ra3o	  

Cost	  

INFRASTRUCTURE	  ON	  
MARSH	  

Buildings,	  Roads	  and	  
Railways,	  Other	  

INFRASTRUCTURE	  IN	  
ACCOMMODATION	  

SPACE	  
Buildings,	  Roads	  and	  
Railways,	  Other	  

DYKE	  AND	  
MARSHBODY	  

Dyke	  Height,	  A:DL	  
Ra3o	  



Ecosystem	  Services:	  Morphology	  &	  
Hydrology	  
•  Area	  (ha)	  	  

•  Aboiteaux	  	  
•  Freshwater	  discharge	  
•  Drainage	  network	  
complexity	  

•  Sum	  of	  aboiteaux	  size	  
•  Volume	  of	  
freshwater	  discharge	  

	  
•  Drainage	  density	  	  (m/
ha)	  
•  Current	  hydraulic	  
capacity	  	  

•  Width	  to	  length	  ra@o	  
•  Marsh	  shape	  and	  orienta3on	  

Illustra@on	  of	  	  Width:	  Length	  Calcula@on	  In	  ArcGIS	  



•  Mean	  depth	  (m)	  
•  Habitat	  viability	  
•  Hydroperiod,	  3me	  to	  maturity	  

•  R:A	  Ra@o	  
•  Degree	  of	  restora3on	  vs	  

enhancement	  

•  Standard	  devia@on	  of	  mean	  
marsh	  eleva@on	  
•  Terrain	  variability,	  zona3on	  

•  Perimeter	  to	  area	  ra@o	  (m/ha)	  
•  Habitat	  complexity	  	  
•  Fragmenta3on	  

•  Thickness	  (m)	  
•  Intactness	  of	  habitat	  

Ecosystem	  Services:	  Habitat	  Quality,	  
Flora	  and	  Fauna	  

Illustra@on	  of	  Thickness	  Calcula@on	  In	  ArcGIS	  

•  Biomass	  (metric	  ton	  (t))	  
•  Marsh	  was	  segmented	  into	  

eleva3on	  classes	  matching	  low,	  mid	  
and	  high	  zones	  and	  biomass	  
calculated.	  	  

•  Produc3vity,	  wave	  aIenua3on	  



•  Accommoda@on	  Space	  (%)	  
•  Area	  available	  for	  the	  marsh	  to	  migrate	  inland	  with	  sea	  level	  rise.	  	  
•  Upper	  boundary	  defined	  by	  HHWLT	  +	  SLR	  to	  2100	  +	  storm	  surge	  	  

•  Dyke	  length	  	  (m)	  
•  Total	  length	  of	  dyke	  (m),	  extracted	  from	  Marshlands	  Atlas	  

•  Foreshore	  width	  (m)	  
•  Mean	  foreshore	  width	  (m)	  from	  dyke	  to	  shoreline.	  	  

•  Exposure	  
•  Vulnerability	  to	  erosion	  and	  storm	  surge	  

•  Width	  (m)	  
•  Mean	  width	  of	  marsh	  from	  dyke	  to	  upland	  

•  Area,	  Depth,	  Biomass,	  R:A	  Ra@o	  

Adaptive	  Capacity	  



•  Infrastructure	  
•  Currently	  on	  marshbody	  

•  Buildings	  (count),	  Roads	  and	  
railways	  (total	  length,	  
meters),	  other	  (count)	  

•  In	  accommoda3on	  space	  
(normalized	  by	  area)	  

•  Dyke	  Height	  (m)	  
•  Min,	  mean	  and	  max	  height	  
above	  Cri@cal	  eleva@on	  

•  Area	  to	  Dyke	  Length	  ra@o	  
(ha/m)	  

Cost	  



	  Variable	   Break	  Method	   Value	  Scale	  
Low	  Score	   -‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐>	   High	  Score	  
Class	  1	   Class	  2	   Class	  3	   Class	  4	  

W_L	   Quar3le	   Linear	   0.40	   0.56	   0.84	   8.27	  
P_A	   Quar3le	   Linear	   113	   155	   188	   394	  
Thickness	   Quar3le	   Linear	   130	   191	   301	   1407	  
Elev_StDv	   Quar3le	   Linear	   0.82	   0.93	   1.20	   71.11	  
DD	   Quar3le	   Linear	   14	   26	   36	   159	  
Aboiteaux	   Quar3le	   Linear	   	  	   1	   2	   7	  
ABSize	   Quar3le	   Linear	   18	   28	   52	   201	  
Shape_Area	   Quar3le	   Linear	   13	   33	   108	   2130	  
PM_Area	   Quar3le	   Linear	   57%	   69%	   76%	   91%	  
MHWDepth	   Quar3le	   Linear	   2.49	   1.79	   1.39	   0.98	  
Biomass	   Quar3le	   Linear	   156	   344	   1165	   22279	  
AC_Percent	   Quar3le	   Linear	   15	   20	   48	   715	  
FS_Width	   Quar3le	   Linear	   22	   29	   36	   184	  
Dyke_lngth	   Quar3le	   Linear	   8786	   1955	   1111	   584	  
Width	   Quar3le	   Linear	   165	   247	   397	   2946	  
Exposure	   Rank	   Linear	   Very	  High	   High	   Moderate	   Low	  
Shape_Area	   Quar3le	   Linear	   13	   33	   108	   2130	  
PM_Area	   Quar3le	   Linear	   0.57	   0.69	   0.76	   0.91	  
MHWDepth	   Quar3le	   Linear	   0.98	   1.39	   1.79	   2.49	  
Biomass	   Quar3le	   Linear	   156	   344	   1165	   22279	  
DH_maxdiff	   Quar3le	   Linear	   0.78	   0.91	   1.24	   2.93	  
DH_meanDiff	   Quar3le	   Linear	   0.38	   0.48	   0.58	   1.86	  
DH_MinDiff	   Quar3le	   Linear	   -‐0.09	   0.09	   0.25	   1.32	  
A_DL	   Quar3le	   Linear	   10007	   633	   340	   201	  
2055_Bldg	   Natural	  Breaks	  (Jenks)	   Exponen3al	   13	   59	   122	   352	  
2055_RRd	   Natural	  Breaks	  (Jenks)	   Exponen3al	   1013	   2502	   6058	   44025	  
2055_Other	   Natural	  Breaks	  (Jenks)	   Exponen3al	   11	   35	   138	   397	  
AS_BldgN	   Quar3le	   Linear	   0.18	   0.32	   0.65	   6.97	  
AS_RrdN	   Quar3le	   Linear	   25	   61	   136	   575	  
AS_otherN	   Quar3le	   Linear	   0.19	   0.38	   0.68	   6.97	  

Scoring	  Matrix	  



Comparison	  of	  two	  marshes	  

Avonport	  (NS092)	  Wellington	  (NS056)	  



Ecosystem	  Services	  
A^ribute	   NS056	  -‐	  Wellington	  Marsh	   NS092	  -‐	  Avonport	  Marsh	  

Value	   Rank	   Value	   Rank	  
W:L	  Ra6o	   4.22	   4	   0.68	   3	  
P:A	  Ra6o	   64.16	   1	   99.45	   1	  
Thickness	  (m)	   875	   4	   323	   4	  
Variability	  (m)	   1.50	   4	   1.65	   4	  
Aboiteaux	   2	   4	   3	   4	  
ABSize	   2890	   3	   54	   4	  
Drainage	  Density	  (m/ha)	   37.93	   4	   14.88	   2	  
Area	  (ha)	   1390	   4	   231	   4	  
PM_Area	   0.87	   4	   0.42	   1	  
Depth	  (m)	   2.01	   1	   1.38	   3	  
Biomass	  (T)	   13065.91	   4	   2182.42	   4	  
TOTAL	   0.553	   0.530	  



Biomass	  

Habitat	   Area	  (ha)	   Total	  Biomass	  
(metric	  Tons)	   Percent	  Cover	  

Mudflat	   177	   0	   13	  
Low	  Marsh	   27	   298	   2	  
Mid	  Marsh	   185	   1618	   13	  
High	  Marsh	   998	   11150	   72	  
Total	   1388	   13066	   100	  

Habitat	   Area	  (ha)	   Total	  Biomass	  
(metric	  Tons)	   Percent	  Cover	  

Mudflat	   31	   0	   13	  
Low	  Marsh	   4	   44	   2	  
Mid	  Marsh	   22	   194	   10	  
High	  Marsh	   174	   1944	   75	  
Total	   231	   2182	   100	  



Adaptive	  Capacity	  

NS056_156

NS041_186

NS076_137

NS065_119

NS057_96

NS091_113

NS091_191

NS082_78
NS091_82

NS091_94

NS057_105

NS082_84
NS091_87 NS091_86

NS091_74

NS057_60

NS091_102
NS057_106 NS057_105

NS092_149

NS008_155

NS008_155

NS072_124

A^ribute	  
NS056	  -‐	  Wellington	  Marsh	   NS092	  -‐	  Avonport	  Marsh	  

Value	   Rank	   Value	   Rank	  
AC_Percent	   22	   3	   32	   3	  
FS_Width	   39	   4	   36	   3	  
Dyke_lngth	   1955	   1	   3121	   1	  
Width	   757	   4	   261	   3	  
Exposure	   Medium	   3	   Very	  High	   1	  
Shape_Area	   1390	   4	   231	   4	  
PM_Area	   0.87	   4	   0.42	   1	  
Depth	  (m)	   2.01	   4	   1.38	   2	  
Biomass	   13065.91	   4	   2182.42	   4	  
TOTAL	   0.619	   0.521	  



Cost	  
A^ribute	  

NS056	  -‐	  Wellington	  Marsh	   NS092	  -‐	  Avonport	  Marsh	  
Value	   Rank	  Value	   Value	   Rank	  Value	  

DH_maxdiff	   1.78	   4	   0.89	   2	  
DH_meanDiff	   0.67	   4	   0.26	   1	  
DH_MinDiff	   -‐0.42	   1	   -‐0.33	   1	  
A_DL	   7112	   1	   742	   1	  
2055_Bldg	   13	   3	   0	   1	  
2055_RRd	   23312	   16	   4062	   9	  
2055_Other	   24	   3	   1	   1	  
AS_Bldg	   0.17	   1	   0.23	   2	  
AS_Rrd	   24.87	   1	   61.91	   3	  
AS_other	   0.20	   2	   0.26	   2	  
TOTAL	   0.583	   0.469	  



Realignment	  Score	  

A^ribute	   NS056	  -‐	  Wellington	  Marsh	   NS092	  -‐	  Avonport	  Marsh	  
Ecosystem	  Services	   0.553	   0.530	  
Adap6ve	  Capacity	   0.619	   0.521	  
Cost	   0.583	   0.469	  
Realignment	  Score	   0.572	   0.582	  



Cornwallis	  estuary:	  Ecosystem	  Services	  



Cornwallis	  estuary:	  Adaptive	  Capacity	  



Cornwallis	  estuary:	  Cost	  



Realignment	  Score	  



Conclusions	  

•  Pilot	  study	  rankings	  worked	  
(generally)	  as	  an3cipated	  

•  Composite	  Metrics	  key	  
•  Mul3ple	  aIributes	  in	  each	  
category	  

•  Framework	  is	  responsive	  to	  
future	  needs	  
•  Ranking	  scales,	  weights,	  and	  
methods	  can	  be	  adjusted	  

•  Site	  list	  should	  be	  expanded	  
•  New	  ques3ons	  



Constraints	  

•  Current	  data	  not	  ground-‐
truthed	  
•  Accuracy,	  Precision	  

•  Lidar	  
•  Ar3ficial	  dams	  

•  Producer’s	  Bias	  
•  Interpreta3on	  
•  Complex	  boundaries	  

•  Effec3ve	  first-‐pass	  
assessment	  but	  does	  NOT	  
replace	  a	  feasibility	  study	  

Legend
NS014

2100 Flood zone

Dyke

Example	  of	  complex	  boundary	  issues	  
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Infrastructure	  –	  NS092	  
2055	   Accommoda6on	  Space	  

Row	  Labels	   Sum	  of	  Feature	  Count	   Sum	  of	  LENGTH	   Sum	  of	  Feature	  Count	   Sum	  of	  LENGTH	  
Building	   17	   0	  

Building	  	   17	   0	  
Designated	  area	   1	   1	   0	  

Auto	  Salvage	  Yard	   1	   1	   0	  
Road/Railroad	   0	   4062	   0	   4608	  
Other	   0	   3319	   0	   3426	  
Driveway	   0	   979	  
Railroad	   0	   758	   0	   1384	  
Track	   0	   2561	   0	   1062	  

Paved	   0	   414	   0	   681	  
Local	   0	   414	   0	   681	  

Unpaved	   0	   328	   0	   502	  
Abandoned	  Road	   0	   22	  
Local	   0	   328	   0	   480	  

Structure	   1	   0	  
Silo	  	   1	   0	  

Water	   0	   5907	   0	   345	  
Dam	  Spine	   0	   2	   0	   9	  
Ditch	  	   0	   2461	  
River	  	   0	   3444	   0	   336	  

Grand	  Total	   1	   9969	   19	   4954	  



2055	   Accommoda6on	  Space	  

Row	  Labels	   Sum	  of	  Feature	  Count	   Sum	  of	  LENGTH	   Sum	  of	  Feature	  Count	   Sum	  of	  LENGTH	  
ACAS	   1	  

Sewage	  Treatment	   1	  
Building	   13	   51	   0	  

Building	  	   11	   50	   0	  
Greenhouse	  	   1	   0	  
Pumping	  Sta6on	  	   2	  

Designated	  area	   5	   4	   0	  
Auto	  Salvage	  Yard	   1	  
Pile	  (industrial)	   1	   1	   0	  
Pit	   2	   3	   0	  
Sewage	  Treatment	  Area	   1	  

Road/Railroad	   0	   23312	   0	   7481	  
Driveway	   0	   608	   0	   877	  
Track	   0	   13094	   0	   2866	  

Paved	   0	   7038	   0	   3379	  
Collector	   0	   2844	   0	   957	  
Collector	  Bridge/Overpass	   0	   70	  
Local	   0	   4123	   0	   2422	  

Unpaved	   0	   2571	   0	   359	  
Local	   0	   335	   0	   252	  
Resource/Recrea6on	  All	  Weather	   0	   2236	   0	   107	  

Structure	   5	   0	  
Kiln	  	   5	   0	  

U6lity	   5	   1604	   1	   319	  
Sewage	  Se^ling	  Pond	  	   2	  
Tower	  	   2	  
Transmission	  Line	  (electrical)	   1	   1604	   1	   319	  

Water	   0	   63993	   0	   10359	  
Dam	  Spine	   0	   15	  
Ditch	  	   0	   11245	   0	   883	  
River	  	   0	   52733	   0	   9475	  

Grand	  Total	   24	   88909	   61	   18158	  

Infrastructure	  –	  NS056	  


