180º

150º

120º 90º 60º 30º 0º 30º 60º 90º 120º

150º

180º 0º

10º

20º

30º

40º

50º

60º

70º

80º

10º

20º

30º

40º

50º

60º

70º

80º

0º

10º

20º

30º

40º

50º

60º

70º

80º

10º

20º

30º

40º

50º

60º

70º

80º

AFGHANISTAN

ALBANIA

A L G E R I A

ANDORRA

ANTIGUA AND BARBUDA

A R G E N T I N A

A

R

M

E

N

IA

A U S T R A L I A

AZERBAIJAN

T

H

E

B

A

H A M A S

BARBADOS

BELARUS

B E

L

G

IUM

BELIZE

BENIN

B O L I V I A

BOSNIA & HERZEGOVINA

BRUNEI

BULGARIA

BURKINA FASO

BURMA

BURUNDI

CAMBODIA

CAMEROON

C A N A D A

CAPE VERDE

CENTRAL AFRICAN REPUBLIC

C

O

M

O

R

O S

R

E

P

U

B

LIC

O

F

T

H

E

C

O

N

G

O

DEMOCRATIC REPUBLIC OF THE CONGO

CROATIA

CZECH REPUBLIC

DENMARK

DJIBOUTI

DOMINICA

DOMINICAN REPUBLIC

ECUADOR

E G Y P T

EL SALVADOR

EQUATORIAL GUINEA

ERITREA

ESTONIA

E T H I O P I A

F I J I F I J I

F I N L A N D

GABON

G E R M A N Y

GHANA

GREECE

GRENADA

GU

A

T

E

M ALA

G U I N E A

GUINEA - BISSAU

GU

Y

A

N

A

HAITI

HONDURAS

ICELAND

I N D I A

I N D O N E S I A

IRAN

IRAQ

IRELAND

ISRAEL

ITALY

JAMAICA

JAPAN

JORDAN

K A Z A K H S T A N

K E N Y A

K

I

R

I

B

A

T

I

K I R I B A T I

NORTH KOREA

SOUTH KOREA

KUWAIT

KYRGYZSTAN

LAOS

LATVIA

LEBANON

LESOTHO

LIBERIA

L I B Y A

LITHUANIA

M

A

C

E

D

O

NIA

M

A

D

A

G

A

S

C

A

R

M

A

L

A

WI

MALAYSIA

MALAYSIA

M A L I

MALTA

MARSHALL

ISLANDS MARSHALL

ISLANDS

M A U R I T A N I A

MEXICO

M

O

L

D

O

V

A

MONACO

M O N G O L I A

M

O

R

O

C

C O

MO Z

A

M

B

I

Q U

E

NAURU

N E P A L

NETHERLANDS

NEW ZEALAND

NICARAGUA

N I G E R

N I G E R I A

NORWAY

OMAN

PAKISTAN

PALAU

P

A

N

A

M

A

PAPUA

NEW GUINEA

PARAGUAY

P E R U B R A Z I L

P

H

I

L

I

P

P

I

N

E

S

P O L A N D

P

O

R

T

U

G

AL

QATAR

BAHRAIN

ROMANIA

RUSSIA

R U S S I A

RWANDA

SAINT KITTS AND NEVIS

SAINT LUCIA SAINT VINCENT AND THE GRENADINES

SAMOA SAMOA

SAN MARINO

S A U D I

A R A B I A

SENEGAL

S

E

Y

C

H

E

L

L

E S

SIERRA LEONE

SLOVAKIA

SLOVENIA

S

O L

O

M

O

N

I

S

L

A N

DS

S

O

M

A

L

IA

NAMIBIA

BOTSWANA

SOUTH AFRICA

SRI LANKA

S U D A N

SURINAME

SWAZILAND

SWEDEN

SWITZERLAND

SYRIA

CYPRUS

TAJIKISTAN

T A N Z A N I A

THAILAND

T

O

G O

T

O

N

G A

T

O

N

G A

TRINIDAD AND TOBAGO

TUNISIA

T U R K E Y^{TURKMENISTAN}

TUVALU

TUVALU

UGANDA

U K R A I N E

UNITED KINGDOM

U N I T E D S T A T E S

URUGUAY

UZBEKISTAN

V A

N

U

A

T

U

V E N E Z U E L A

VIETNAM

YEMEN

Z A M B I A

A N G O L A

ZIMBABWE

C

H

I

L

E

MALDIVES

B

A

N

G

L

A

D

E

S H

UNITED ARAB EMIRATES

AUSTRIA

LIECHTENSTEIN

LUXEMBOURG

HOLY SEE

S P A I N

F R A N C E

HUNGARY

GEORGIA

COSTA RICA

FEDERATED STATES OF MICRONESIA

SINGAPORE

BHUTAN

C H I N A

C H A D

M A U R I T I U S

C

U

B A

C O L O M B I A

NEW ZEALAND

THE GAMBIA

ANGOLA

SOUTH AFRICA

EAST TIMOR

SERBIA & MONTENEGRO

SÁO TOMÉ AND PRÍNCIPE

CÔTE D’IVOIRE

French Guiana (FRANCE)

A n t a r c t i c a

Hong Kong (CHINA)

W es te r n

S a h ara

G r e e n l a n d (DENMARK)

West Bank

Taiwan

New Caledonia (FRANCE)

UNITED STATES

Puerto Rico (UNITED STATES)

SPAIN (Canary Islands)

Guam (UNITED STATES)

French Southern and Antarctic Lands (FRANCE)

Falkland Islands (UNITED KINGDOM)

French Polynesia (FRANCE)

UNITED STATES (Hawaiian Islands)

P A C I F I C

O C E A N

P A C I F I C

O C E A N

A T L A N T I C

O C E A N

A T L A N T I C

O C E A N

P A C I F I C

O C E A N

A

R C

T I

C

O

C

E A N

P A C I F I C

O C E A N

I N D I A N

O C E A N

0

0

50

0

50

0

0

0

50

0

- 50

-

50

50

0

0

0

-

50

0

0

-

50

- 10

- 20

-

30

-

20

-

20

-

30

-

10

-

10

10

20

10

30

40

60

20

70

80

10

90

90

80

2 0

70

10

60

-

10

- 20

-30

40

20

-

30

20

-

20

10

2

0

3

0

-

10

1

0

10

30

20

-

1

0

-

10

30

20

40

- 2

0

10

60

70

-

10

80

-

20

- 30

- 40

-

60

-

30

8

0

-

70

- 6

0

-

40

70

60

40

30

-

30

-

20

20

10

-

10

-

10

-

20

-

30

-

40

-

70

10

- 60

- 4 0

1

0

-30

-

20

20

-

10

30

10

20

30

30

20

10

-

40

-

40

-

30

-

80

-

20

5 0

00

50 00

1

0

0

00

10000

1

5 0

00

150

00

20 0 00

25 000

2

0 0 00

3 0

0 00

2

5000

3

5

0

00

4

0

0

00

3

0

0

00

4

0

0

00

3

5

0

00

25

000

3

5 0 00

3 0

0 00

2 0

0

00

2

5 0 00

1

5

0

00

2

0 0

00

1

5

0

00

1

5

0

00

1

0

0

00

2 0

0

00

5

0

00

1 5 0 00

1 0 0

00

2 0

00

3 0

00

4 0

00

20

00

30

00 40 00

6 0

00

7 0

00

6

000

8

0

00

7000

9 0

00

8

000

1 1 0

00

9000

1

2 0

00 1 3

0 00

11000

1

4 0

00

12000

13000

1 6

0 00 1 7

0 00

14000

18 0

00 19 0

00

16

0 00

17

0 00

2

10 00 220 00

1 8

0 00

23000

1 9 0 00

2

4000

2 6 0 00

2 1 0 00

2

7 0 00

2 8 0

00

220 00

2 9 0 00

23

0 00

3 1

0 00

3 2 0

00

24000

3

3 0

00

3

4 0

00

3

6

0 00

260

00

3

7 0

00

3

8

0

00

3

9

0

00

27

0

00

4

1

0

00

2

8

0

00

2

9

0

00

4

1

0

00

3

1

0

00

270

00

3

9

0

00

3

2

0

00

2

60 00

3

3

0

00

3 8

0

00

3

4

0

00

3

7 0

00

3 6

0 00

24000

3

4 0 00

23000

3 3

0 00

2 2 0 00

3 2

0 00

31

0 00

2 1 0 00

2 9 000

1

9

0 00

2 8

000 2 70 00

1

8 0

00

2 6

0 00

1 7

0

00

1 6

0

00

2 4 0

00

2 3 0

00

1

4

0

00

2 2 0

00

1

3

0

00

2

1 0

00

1

2

0

00

1 9

0 00

1

2

0

00

1

7

0

00

1

6

0

00

1

3

0

00

1

4

0

00

1

4

0 00

1

3

0

00

1

2

0

00

2 2

0

00

1

1

0

00

1

6 0

00

2

1 0 00

9

0

00

8

0

00

7

0

00

1 7

0

00

6

0

00

1

9 0 00

18 0 00

4

0

00

3

0

00

17 0 00

1 8

0

00

2

0

00

1 6 0

00

1 4 0 00 130 00 12000

1 9 0 00

1 1 000

90 00

8 0 00

1

9

0

00

1

0

00

1

0

00

1

1

0

00

1

1

0

00

-32

25

30

-40

-60

89

32

33

31

-69

-65

25

99

36

-81

17.1

-8.0

6.6

3.5

3.3

-9.2

17.2

1.2

5.4

41528

10102

18050

19300

27552

180º

150º

120º

90º

60º

30º

0º

30º

60º

90º

120º

150º

5

0º

6

0º

7

0º

7

0º

6 0º

5

0º

R U S S I A

C A N A D A

NORWAY

FINLAND

UNITED KINGDOM

IRELAND NETHERLANDS

DENMARK

GERMANY

BELARUS

LITHUANIA

LATVIA

ESTONIA

UNITED STATES

P O L A N D

ICELAND SWEDEN

G r e e n l a n d (DENMARK)

A R C T I C O C E A N

P A C I F I C O C E A N

A T L A N T I C

O C E A N

50

0

50

0

10

10

20

20

30

40

60

20

70

10

80

-

40

-

30

90

-

20

-

10

-

10

-20

-

30

40

30

20

10

2

0

0

00

5

0

00

1

0

0

00

1

5

0

00

2

0

0

00

2

3

0 00

2 2

0

00

2

1

0

00

2

000

3

000 4 0

00

6

0

00

7

0

00

8

0

00

9

0

00

1

1

0

00

1

2

0

00

1

3

0

00

1

4

0

00

1

6

0

00

1

7

0

00

1

8

0

00

1

9

0

00

1

0

00

99

30

-9.2

5.4

17.1

90º 90º

5

0º

6

0º

7

0º

7

0º

6 0º

5

0º

0º

120º 120º

30º

60º

150º

180º

150º

60º

30º

A n t a r c t i c a

A T L A N T I C O C E A N

P A C I F I C O C E A N

I N D I A N O C E A N

-

5

0

0

0

0

-

50

-

60

-

4

0

-

30

-

20

-

10

-

40

1

0

-

30

- 20

-

10

20

30

-

10

-

20

1

5 0

00

1

5 0

00

2

0 0 00

1

0

0

00

5

0

00

1

3

0 00

1

4

0

00

1 6

0 00

1 7

0 00

1 8 0

00

1

9

0

00

1

9

0

00

1 8

0 00

1

7 0 00

1 6

0 00

1

4 0

00

1 3

0

00

1 2

0

00

1

1

0

00

2 1 0 00

9

0

00

8

0

00

2

2

0

00

7

0

00

6

0

00

2

3

0

00

4

0

00

3

0

00

2

0

00

36

3.3

1.2

19300

HORIZONTAL INTENSITY

HORIZONTAL INTENSITY HORIZONTAL INTENSITY

SECULAR VARIATION OF HORIZONTAL INTENSITY

SECULAR VARIATION OF HORIZONTAL INTENSITY

SECULAR VARIATION OF HORIZONTAL INTENSITY

Mollweide Projection (Scale true along latitudes 40°44’ N. and S.)

Scale 1:30,000,000

0 1000 2000 3000 KILOMETERS

0 1000 2000 3000 KILOMETERS

0 1000

2000 MILES

0 1000

2000 MILES

0° 10° 20° 30° 40° 50° 60° 70° 80°

Azimuthal Equidistant Projection

Scale 1:40,000,000

0 1000 2000 3000 MILES

0 1000 2000 3000 KILOMETERS

Azimuthal Equidistant Projection

Scale 1:40,000,000

0 1000 2000 3000 MILES

0 1000 2000 3000 KILOMETERS

0 5000 10000 15000 20000 25000 30000 35000 40000 45000

Horizontal Intensity (nanoTeslas)

-90 -80 -70 -60 -50 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 100

Secular Variation of Horizontal Intensity (nanoTeslas per year)

1 nanoTesla = 0.00001 Gauss

HORIZONTAL INTENSITY CHART

THE INTERNATIONAL GEOMAGNETIC REFERENCE FIELD, 2005 By Kenneth S. Rukstales and Jeffrey J. Love

2007

DISCUSSION This is one of five world charts showing the declination, inclination, horizontal intensity, vertical component, and total intensity of the Earth’s magnetic field at mean sea level at the beginning of 2005. The charts are based on the International Geomagnetic Reference Field (IGRF) main model for 2005 and secular change model for 2005-2010. The IGRF is referenced to the World Geodetic System 1984 ellipsoid. Additional information about the USGS geomagnetism program is available at: http://geomag.usgs.gov/.

ACKNOWLEDGMENTS The IGRF is produced by the International Association of Geomagnetism and Aeronomy (IAGA) Division V, Working Group V-8: Analysis of the Global and Regional Geomagnetic Field and its Secular Variation. Production of the IGRF depends on the world-wide efforts of the magnetic-field modelers and the staff of magnetic observatory programs and satellite programs which produce the data from which the models are derived.

SELECTED REFERENCES Golovkov, V.P., Zvereva, T.I., and Chernova, T.A., 2005, The IZMIRAN main magnetic field candidate model for IGRF-10, produced by a spherical harmonic-natural orthogonal component method: Earth, Planets and Space, v. 57, no. 12, p. 1171. Macmillan, Susan, and Maus, Stefan, 2005, International Geomagnetic Reference Field the tenth generation: Earth, Planets and Space, v. 57, no. 12, p. 1140. Lesur, Vincent, Macmillan, Susan, and Thomson, Alan, 2005, The BGS magnetic field candidate models for the 10th generation International Geomagnetic Reference Field: Earth, Planets and Space, v. 57, no. 12, p. 1163. Maus, Stefan, Macmillan, Susan, Lowes, Frank, and Bondar, Tatjana, 2005, Evaluation of candidate geomagnetic field models for the 10th generation of IGRF: Earth, Planets and Space, v. 57, no. 12, p. 1181. Maus, Stefan, McLean, Susan, Dater, David, Lühr, Hermann, Rother, Martin, Mai, Wolfgang, and Choi, Sungchan, 2005, NGDC/GFZ candidate models for the 10th generation International Geomagnetic Reference Field: Earth, Planets and Space, v. 57, no. 12, p. 1156. Olsen, Nils, Sabaka, T.J., and Lowes, Frank, 2005, New parameterization of external and induced fields in geomagnetic field modeling, and a candidate model for IGRF 2005: Earth, Planets and Space, v. 57, no. 12, p. 1149.

EXPLANATION

Horizontal Intensity

5000

1000

5000

1000

Contours of horizontal intensity expressed in nanoTeslas. The horizontal component is the projection of the geomagnetic field vector onto the tangent plane attached to a point on the Earth’s surface. The horizontal intensity is the field strength (magnitude) of the horizontal component and is always positive. Hachures point in direction of decreasing values

10308

Point value of horizontal intensity expressed in nanoTeslas. Point values enclosed by a single contour are local maxima or minima

Secular Variation of Horizontal Intensity 50 10 50 10

Contours of the estimated rate of change of horizontal intensity (secular variation) expressed in nanoTeslas per year. To apply change, add algebraically. Hachures point in direction of decreasing values

12.5

Point value of the estimated rate of change of horizontal intensity (secular variation) expressed in nanoTeslas per year. To apply change, add algebraically. Point values enclosed by a single contour are local maxima or minima

North and south magnetic poles. Magnetic poles are defined as the locations at which the horizontal magnetic intensity, computed from the degree and order ten spherical harmonic International Geomagnetic Reference Field 2005 model, is effectively zero at 2005.0

Geomagnetic observatory recording data since 1990

SCIENTIFIC INVESTIGATIONS MAP 2964 SHEET 3 OF 5 Version 1.0

U.S. DEPARTMENT OF THE INTERIOR U.S. GEOLOGICAL SURVEY

Any use of trade names is for descriptive purposes only and does not imply endorsement by the U.S. Government.

This map was produced on request, directly from digital files, on an electronic plotter.

For sale by U.S. Geological Survey Information Services, Box 25286, Federal Center, Denver, CO 80225; 1-888-ASK-USGS http://ask.usgs.gov/

GIS files and PDF files are available online at http://pubs.usgs.gov/sim/2007/2964

Base map data from ESRI Inc. ArcWorld 1:3M

Manuscript approved for publication March 8, 2007

Digital data prepared with ArcGIS 9.1 running under Windows 2000