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~ Basic concept, procedure, and results ~ 

● ● ● ● ●

● ● ● ● ●

● ● ● ● ●

● ● ● ● ●

● ● ● ● ●

Please estimate land use share 

 
 
 
 
 
 
 

Around JICA Tsukuba in Japan 
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 (1)  An old dot sampling method 
 

Once upon a time , an old statistician  
in England suggested to apply a point sampling 
method to area survey on maps1.  

 
He says;  You put sample points at random on 

accurate maps, and you check the category of land use at sample points, and 
estimate the share of the category. The points are selected clearly with PPS. The 
method does not require sampling list, it does not require measuring. It does not  
contact with farmers. It is very suitable for crop surveys2. 

 
But, the method required accurate maps. So it was impossible to obtain 

such accurate maps which are new and reliable in a large area at that time. Few 
people were interested in the method.  

 
 
 

A Short Story (Episode) about the Dot Sampling Methods 

1 Dr. Frank Yates in England in 1949 .  It is also called “Monte Carlo Method” (P.18) which was developed by  Dr. John von Neumann , etc. 
in US 1940s 

2   Crop surveys are included not only area survey but also yield survey. The method can be applied to  such as crop cutting survey .  

Google Earth 

Target area 

1. Background  



 
(2)  A new dot sampling Method 
 

Recently, young students group in Asia learned the old method to improve 
current crop surveys3, especially planted area survey, and wanted to realize the 
method on Google Earth4. The map is very accurate, and anyone can use it. 

 

They studied how to generate sample dots on Excel sheet, and how to put 
sample dots on Google Earth. At last, connecting the old method with the latest 
information techniques, they established a new dot sampling method. 

 
 
 
 
 
 
 
 

 
 The method is more simple and reliable than traditional methods.  
This is  the short episode about the development of the dot sampling method, 

please enjoy next episodes.  
                                                                  The END.                                                                  

 
 

3 3       Current  crop survey: area frame survey, or Remote sensing : a big system.       4 It  is web-site maps, it  was developed in US in 2005.          

Put sample dots on Google Earth 

Estimate: 𝑻 =
𝒏𝟏

𝒏
𝑾 

Generated sample dots on Excel 
sheet with  combinations of 
latitude and longitude 

W=Whole area 

2. Methodology 

 The dot sheet has two types. One is a simple-random-dot-sheet, and another is a 
systematic-random-dot-sheet.  The latter is more useful and reliable. 
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simple-random-dot-sheet systematic-random-dot-sheet 

 The dot sheet has three functions in crop surveys, first is “random sampling”, second 
is “share estimator” and third is a special function to be “area frame for variable 
survey”.  

2.1  A “Dot sheet” to learn the dot sampling method  

Note: The dot sampling method was suggested us  by Mr. Kenji Kamikura who is a senior statistician in MAFF of Japan in May 2011. 
He always encourages us to develop  the method and system. 

is a good tool 



  

Systematic-random-dot-sheet. Map of a  target area 
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2.2  First function  

Please overlay 
at random 

 The dot sheet can select sample dots without list, and 
shows the locations on the maps. 

 A sample is selected with PPS.  
    Probabilities proportional to size of field. ( land, crop area, every things). 

Location 

 The dot sheet can estimate the share by category. 

 The method  is called “attribute survey” . 

 The formulas are simple.   
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2.3 Second function 

100 dots sheet 

How many dots  
are there on the  

cultivated land? 

Note: Mr. Akira Kato who is a mathematician  and statistician discussed with me the theoretical back ground of the formula in Feb. 2013 . 

 
 
It doesn’t  contact with farmers.  
Non-sampling errors hardly occur. 
How about slopes? Complicated shapes? 
Mixed cropping? Dyke? Rare crops?  
Don’t worry!  Only  count! 
How about capacity?  
Don’t worry! Easy to learn! 

  “Difficult issues 
                           are resolved!”  

 

           
 𝑻 =

𝒏𝟏

𝒏
𝑾 =

𝟔𝟒

𝟏𝟎𝟎
× 𝟏𝟎, 𝟎𝟎𝟎m2 

            =6,400m2 

  
 There are 64 dots on the cultivated land.  
You estimate the area. 

n

qp
s p

ˆˆ
ˆ Estimate: 𝑻 =

𝒏𝟏

𝒏
𝑾 𝑞 = (1 − 𝑝 ) Where,   Standard error CV =

𝑠𝑝 

𝑝 
× 100 𝑝 =

𝑛1
𝑛

 

Whole area 

Whole area :W=10,000m2 



3. Results obtained  
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1.1  To decide  target area  and sample size 

1.2  To generate sample dots on the Excel sheet 

1.3  To put sample  dots on Google Earth

2. Preparatory  
   Survey (on Google Earth) 

1.Dot Sampling   

Start 

End 

3. Field survey   

3.1 Procedure of the dot sampling method to estimate planted area.  

4. Estimation (Out put)   

Land Use 
Survey 

(Desk work) 

Planted area 
survey in the field 
(crop’s name survey) 

(Field work) 

● ●

● ●

Dividing into two groups 

Cultivated land 
Field survey group 

Non cultivated land 
Non field survey group 

Checking crop’s  name 

Next , we apply this method to a planted area survey in a small area. 

3.2.1 You decide your target area and sample size  
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(The target area is 24 ha, and the sample size is 96 .  

 Sample size is decided considering aimed precision, budget, manpower, etc. But when you 
decide a sample size, you should consider the actual sample size for a field survey. 

 The model area was used for JICA tanning courses in 2011, 2012 and 2013,  

Target area 

JICA Tsukuba 

3.2  Procedure in a small area is shown as follows:   

Sample size  

96 

Note: Mr. Sithixay Linglong who was a trainee from  MOA of Lao PDR  suggested me to use Google Earth in stead of Google Maps in Nov 
2011. Google Earth is suitable maps for a land use survey.  



JICA shimoyokoba 

3.2.2  Using Excel macro, you generate sample dots  
           on the Excel sheet (Sampling without list). 
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T-1 Basic data to generate sample dots (Sampling Design)

Target area
Size of the Target

area km
2 Sample size

Starting point
(latitude)

Starting point
(longitude)

Finishing point
(latitude)

Finishing point
(longitude)

Interval in km
(depend on (3))

Necessary
Number of Lines

Necessary
Number of Rows

(1) (2) (3) (4) (5) (6) (7) (8)=√((2)/(3)) (9) (10)

JICAshimoyokoba 0.24 96 36.030751 140.12411 36.027596 140.13022 0.05 8 11

T-2  Sample dots (Coodinate Values) Don't change  the numbers  on yel l ow cel l s  because the numbers  are used for the ca lculations .

,
Name of  Long i tude
→     Lati tude↓

0 1 2 3 4 5 6 7 8

0 0,
36.03075098,140.12
41082

36.03075098,140.1
24663606033

36.03075098,140.1
25219012066

36.03075098,140.1
25774418099

36.03075098,140.1
26329824132

36.03075098,140.1
26885230165

36.03075098,140.1
27440636198

36.03075098,140.1
27996042231

36.03075098,140.1
28551448264

1 1,
36.030300311329,1
40.1241082

36.030300311329,
140.124663602856

36.030300311329,
140.125219005711

36.030300311329,
140.125774408567

36.030300311329,
140.126329811422

36.030300311329,
140.126885214278

36.030300311329,
140.127440617133

36.030300311329,
140.127996019989

36.030300311329,
140.128551422844

2 2,
36.029849642658,1
40.1241082

36.029849642658,
140.124663599678

36.029849642658,
140.125218999356

36.029849642658,
140.125774399034

36.029849642658,
140.126329798712

36.029849642658,
140.12688519839

36.029849642658,
140.127440598068

36.029849642658,
140.127995997746

36.029849642658,
140.128551397424

3 3,
36.029398973987,1
40.1241082

36.029398973987,
140.124663596501

36.029398973987,
140.125218993001

36.029398973987,
140.125774389502

36.029398973987,
140.126329786003

36.029398973987,
140.126885182503

36.029398973987,
140.127440579004

36.029398973987,
140.127995975504

36.029398973987,
140.128551372005

4 4,
36.028948305316,1
40.1241082

36.028948305316,
140.124663593323

36.028948305316,
140.125218986647

36.028948305316,
140.12577437997

36.028948305316,
140.126329773293

36.028948305316,
140.126885166617

36.028948305316,
140.12744055994

36.028948305316,
140.127995953263

36.028948305316,
140.128551346586

5 5,
36.028497636645,1
40.1241082

36.028497636645,
140.124663590146

36.028497636645,
140.125218980292

36.028497636645,
140.125774370438

36.028497636645,
140.126329760584

36.028497636645,
140.12688515073

36.028497636645,
140.127440540876

36.028497636645,
140.127995931022

36.028497636645,
140.128551321168

6 6,
36.0280469679741,
140.1241082

36.0280469679741
,140.12466358696
9

36.0280469679741
,140.12521897393
8

36.0280469679741
,140.12577436090
7

36.0280469679741
,140.12632974787
5

36.0280469679741
,140.12688513484
4

36.0280469679741
,140.12744052181
3

36.0280469679741
,140.12799590878
2

36.0280469679741
,140.12855129575
1

7 7,
36.0275962993031,
140.1241082

36.0275962993031
,140.12466358379
2

36.0275962993031
,140.12521896758
3

36.0275962993031
,140.12577435137
5

36.0275962993031
,140.12632973516
7

36.0275962993031
,140.12688511895
9

36.0275962993031
,140.12744050275

36.0275962993031
,140.12799588654
2

36.0275962993031
,140.12855127033
4

8 8,
36.0271456306321,
140.1241082

36.0271456306321
,140.12466358061
5

36.0271456306321
,140.12521896122
9

36.0271456306321
,140.12577434184
4

36.0271456306321
,140.12632972245
9

36.0271456306321
,140.12688510307
3

36.0271456306321
,140.12744048368
8

36.0271456306321
,140.12799586430
3

36.0271456306321
,140.12855124491
7

 You input information which are required in the T-1.  

 And sample dots are generated automatically on the T-2. The Table shows the location of the sample 

dots with latitude and longitude.  

• The distance  between each sample dot is calculated from the size of target area and sample size. The interval in km is shown in (8) in T-1. 
• The location of each sample dot which consist  of the combination of latitude and longitude is calculated  to be same distance in km  

considering the location (latitude and longitude) on the earth using trigonometric function on the Excel sheet.  

T-1 Basic data to generate sample dots (Sampling Design)

Target area
Size of the Target

area km
2 Sample size

Starting point
(latitude)

Starting point
(longitude)

Finishing point
(latitude)

Finishing point
(longitude)

Interval in km
(depend on (3))

Necessary
Number of Lines

Necessary
Number of Rows

(1) (2) (3) (4) (5) (6) (7) (8)=√((2)/(3)) (9) (10)

JICAshimoyokoba 0.24 96 36.030751 140.12411 36.027596 140.13022 0.05 8 11

T-2  Sample dots (Coodinate Values) Don't change  the numbers  on yel l ow cel l s  because the numbers  are used for the ca lculations .

,
Name of  Long i tude
→     Lati tude↓

0 1 2 3 4 5 6 7 8

0 0,
36.03075098,140.12
41082

36.03075098,140.1
24663606033

36.03075098,140.1
25219012066

36.03075098,140.1
25774418099

36.03075098,140.1
26329824132

36.03075098,140.1
26885230165

36.03075098,140.1
27440636198

36.03075098,140.1
27996042231

36.03075098,140.1
28551448264

1 1,
36.030300311329,1
40.1241082

36.030300311329,
140.124663602856

36.030300311329,
140.125219005711

36.030300311329,
140.125774408567

36.030300311329,
140.126329811422

36.030300311329,
140.126885214278

36.030300311329,
140.127440617133

36.030300311329,
140.127996019989

36.030300311329,
140.128551422844

2 2,
36.029849642658,1
40.1241082

36.029849642658,
140.124663599678

36.029849642658,
140.125218999356

36.029849642658,
140.125774399034

36.029849642658,
140.126329798712

36.029849642658,
140.12688519839

36.029849642658,
140.127440598068

36.029849642658,
140.127995997746

36.029849642658,
140.128551397424

3 3,
36.029398973987,1
40.1241082

36.029398973987,
140.124663596501

36.029398973987,
140.125218993001

36.029398973987,
140.125774389502

36.029398973987,
140.126329786003

36.029398973987,
140.126885182503

36.029398973987,
140.127440579004

36.029398973987,
140.127995975504

36.029398973987,
140.128551372005

4 4,
36.028948305316,1
40.1241082

36.028948305316,
140.124663593323

36.028948305316,
140.125218986647

36.028948305316,
140.12577437997

36.028948305316,
140.126329773293

36.028948305316,
140.126885166617

36.028948305316,
140.12744055994

36.028948305316,
140.127995953263

36.028948305316,
140.128551346586

5 5,
36.028497636645,1
40.1241082

36.028497636645,
140.124663590146

36.028497636645,
140.125218980292

36.028497636645,
140.125774370438

36.028497636645,
140.126329760584

36.028497636645,
140.12688515073

36.028497636645,
140.127440540876

36.028497636645,
140.127995931022

36.028497636645,
140.128551321168

6 6,
36.0280469679741,
140.1241082

36.0280469679741
,140.12466358696
9

36.0280469679741
,140.12521897393
8

36.0280469679741
,140.12577436090
7

36.0280469679741
,140.12632974787
5

36.0280469679741
,140.12688513484
4

36.0280469679741
,140.12744052181
3

36.0280469679741
,140.12799590878
2

36.0280469679741
,140.12855129575
1

7 7,
36.0275962993031,
140.1241082

36.0275962993031
,140.12466358379
2

36.0275962993031
,140.12521896758
3

36.0275962993031
,140.12577435137
5

36.0275962993031
,140.12632973516
7

36.0275962993031
,140.12688511895
9

36.0275962993031
,140.12744050275

36.0275962993031
,140.12799588654
2

36.0275962993031
,140.12855127033
4

8 8,
36.0271456306321,
140.1241082

36.0271456306321
,140.12466358061
5

36.0271456306321
,140.12521896122
9

36.0271456306321
,140.12577434184
4

36.0271456306321
,140.12632972245
9

36.0271456306321
,140.12688510307
3

36.0271456306321
,140.12744048368
8

36.0271456306321
,140.12799586430
3

36.0271456306321
,140.12855124491
7

Those sample dots are sent to Google Earth, 
using Excel macro. 

A part of Excel Sheet 
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 Dots can show the locations and the categories  at sample dots. 
 Each dot is given name systematically.  

Note: The macro program “Save Range as KML File” was developed by Mr. Hakan Yuksel  who was  a JICA  Expert in Tanzania in Oct  2012. 
            KML file can be sent to others (e.g. local offices, enumerators) by e-mail, and displayed the sample dots. 

3.2.3  Sample dots  have just arrived 
                        at target area on Google Earth. 

Next, you conduct the preparatory survey. 



3.2.4  You conduct the preparatory survey  
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0 1 2 3 4 5 6 7 8 9 10 11

0 1 1 2 8 8 5 5 1 1 1 4 4

1 8 1 1 1 7 1 5 1 1 1 1 6

2 3 8 5 1 1 1 6 5 1 1 1 1

3 4 4 4 4 4 1 1 1 5 1 1 1

4 4 4 4 4 5 3 3 1 2 5 6 1

5 4 4 4 4 4 3 3 3 5 1 5 6

6 4 4 4 5 4 6 3 3 3 8 2 5

7 4 4 4 4 8 3 3 3 3 8 3 1

 The purpose of the preparatory  survey is to make the field 
survey efficient, dividing sample dots into two group.  

 While she is conducting the preparatory survey, we show you 
Google Earth. 

Note: Tentative reserve  makes your work efficiency.  For example,  when you are conducting a  
preparatory survey , you may meet  some sample dots  which  cannot be decided  the category 
of land use quickly. In such cases  it will be useful. 

Code

Paddy
field

1

Dyke 2

Upland 3

Residential
Land
(building,

4

Road
(asphalt)

5

Road(soil) 6

Irrigation,
river

7

others 8

9

C
u
lt

iv
a
te

d
la

n
d

N
o
n
 C

u
lt

iv
a
te

d
 l

a
n
d

Tentative
reserve

Category

Cultivated land 
Field survey group 

Non cultivated land 
Non field survey group 

Category Code Frequency
Share

(%)
Area
(ha)

SE CV

Paddy field 1 30 31.3 7.5 4.7 15.1

Dyke 2 3 3.1 0.8 1.8 56.8

Upland 3 14 14.6 3.5 3.6 24.7

Residential Land 4 24 25.0 6.0 4.4 17.7

Road (asphalt) 5 12 12.5 3.0 3.4 27.0

Road(soil) 6 5 5.2 1.3 2.3 43.5

Irrigation, river 7 1 1.0 0.3 1.0 99.5

others 8 7 7.3 1.8 2.7 36.4

9 0 0.0 0.0 … …

96 100.0 24.0 0.0 0.0Total

C
u
lt

iv
a
te

d
la

n
d

N
o
n
 C

u
lt

iv
a
te

d
 l

a
n
d

Tentative reserve
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3.2.5 You summarize the result of the preparatory survey 
 The number of sample dots which you should go to field survey is shown in the 

“Cultivated land” and “Tentative reserve “, total is 47. You don’t  have  to go to remaining 
sample dots.   

 Those results can be land use statistics on Google Earth. 

Frequency distribution of sample dots by category 
0 1 2 3 4 5 6 7 8 9 10 11

0 1 1 2 8 8 5 5 1 1 1 4 4

1 8 1 1 1 7 1 5 1 1 1 1 6

2 3 8 5 1 1 1 6 5 1 1 1 1

3 4 4 4 4 4 1 1 1 5 1 1 1

4 4 4 4 4 5 3 3 1 2 5 6 1

5 4 4 4 4 4 3 3 3 5 1 5 6

6 4 4 4 5 4 6 3 3 3 8 2 5

7 4 4 4 4 8 3 3 3 3 8 3 1

Results of Preparatory survey 

Summarize 

Note:  “Dyke” has a special purpose to estimate real planted area separately. This function is important 
to estimate accurate production, concerning yield survey (crop cutting survey). The dot sampling 
method makes it possible. “Tentative reserve” has a special role to make preparatory survey efficient.  



3.2.6  You conduct the field survey to estimate planted area   
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Category code

Dyke 3

Residential land,  (Include

bulding,  garden,  parking,
4

Road (asphalt) 5

Road (soil) 6

Irigation, River 7

Others 8

Paddy 101

Sweet potato 102

Soybean 103

Vegitable 104

Fruite (Tree) 105

Turf (Lawn) 106

No plant (prepalation) 107

 The field survey should be conducted in the crops’ growing season.  
 Google Earth guide you  at sample dots.  

 You check the category of the growing crop at sample dots.  

 When you go to field survey, you don’t have to go  to sample dots which are  at non-
cultivated lands. This is a reason why you should conduct a preparatory survey before the 
field survey. It makes the field survey effective. 

 But, we checked all sample dots in this training to learn the survey method exactly. 

Planted area survey in the field / Crop growing season 

0 1 2 3 4 5 6 7 8 9 10 11

0 101 3 7 8 6 5 101 101 101 101 8 104

1 106 101 101 101 8 101 5 101 101 101 101 3

2 107 8 4 101 101 101 6 5 106 101 101 3

3 4 6 105 4 5 101 101 101 5 101 101 101

4 4 4 4 4 107 101 107 101 101 5 101 101

5 4 4 4 106 5 107 106 106 3 101 5 101

6 8 8 4 5 107 5 106 5 106 5 101 5

7 8 4 4 4 107 107 104 6 106 106 5 101

3.2.7  Finally, you summarize and estimate planted area by crop 
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You will find various crops at sample dots. It means  that you can estimate not only 

core crops’ planted area but also rare crops’ planted area, setting category codes 

                Estimate of planted area by crop (JICA training Sep 2012) 

Category code
Number

of dots
Share (%) Area (ha) SE CV

Dyke 3 4 4.2 1.0 2.0 48.9

Residential land, (Include

bulding, garden, parking,

trees, etc)

4 14 14.6 3.5 3.6 24.7

Road (asphalt) 5 14 14.6 3.5 3.6 24.7

Road (soil) 6 4 4.2 1.0 2.0 48.9

Irigation, River 7 1 1.0 0.3 1.0 99.5

Others 8 7 7.3 1.8 2.7 36.4

Paddy 101 33 34.4 8.3 4.8 14.1

Sweet potato 102 0 0.0 0.0 0.0 …

Soybean 103 0 0.0 0.0 0.0 …

Vegitable 104 2 2.1 0.5 1.5 70.0

Fruite (Tree) 105 1 1.0 0.3 1.0 99.5

Turf (Lawn) 106 9 9.4 2.3 3.0 31.7

No plant (prepalation) 107 7 7.3 1.8 2.7 36.4

Total 96 100 24.0 0.0 0.0

0 1 2 3 4 5 6 7 8 9 10 11

0 101 3 7 8 6 5 101 101 101 101 8 104

1 106 101 101 101 8 101 5 101 101 101 101 3

2 107 8 4 101 101 101 6 5 106 101 101 3

3 4 6 105 4 5 101 101 101 5 101 101 101

4 4 4 4 4 107 101 107 101 101 5 101 101

5 4 4 4 106 5 107 106 106 3 101 5 101

6 8 8 4 5 107 5 106 5 106 5 101 5

7 8 4 4 4 107 107 104 6 106 106 5 101

Summarize 

Result of the field survey 

Dyke 
4% 

Residenti
al land, 
(Include 
bulding, 
garden, 
parking, 

trees, 
etc) 
15% 

Road 
(asphalt) 

15% 
Road 
(soil) 
4% 

Irigation, 
River 
1% 

Others 
7% 

Paddy 
35% 

Sweet 
potato 

0% 

Soybean 
0% 

Vegitable 
2% 

Fruite 
(Tree) 

1% Turf 
(Lawn) 

9% 

No plant 
(prepalati

on) 
7% 

Planted area in Tsukuba training 
field 

 We have just finished the planted area survey 
in a small area. 

 Next, we try area surveys in  a country level. 



Category Name Code
Numbe r

o f

Sample
Rate SE CV

Est imate

(1 ,000ha)

Non-Cult ivated land 1 73 0.73 0.04 6.1 4,790

Cu lt ivated land (Upland) 2 11 0.11 0.03 28.4 722

Dyke (Upland) 3 0 0.00 0.00 0

Lowland(paddy) 4 10 0 .10 0.03 30.0 656

Lowland (Dyke) 5 2 0 .02 0.01 70.0 131

Tentat ive 8 3 0.03 0.02 56.9 197

Low reso lut ion 9 1 0.01 0.01 99.5 66

Total 100 1.00 0.00 0.0 6,561

787

T-2  Sample dots (Coodinate Values)

,
Name of  Long i tude

→     Lati tude↓
0 1 2 3 4 5 6 7 8 9 10 11 12

0 0, 9.885,79.385
9.885,79.6185659

60175

9.885,79.8521319

203499

9.885,80.0856978

805249

9.885,80.3192638

406999

9.885,80.5528298

008748

9.885,80.7863957

610498

9.885,81.0199617

212248

9.885,81.2535276

813998

9.885,81.4870936

415747

9.885,81.7206596

017497

9.885,81.9542255

619247

9.885,82.1877915

220996

1 1,
9.6541274057935

8,79.385

9.6541274057935

8,79.61840396597

15

9.6541274057935

8,79.85180793194

3

9.6541274057935

8,80.08521189791

45

9.6541274057935

8,80.31861586388

6

9.6541274057935

8,80.55201982985

75

9.6541274057935

8,80.78542379582

9

9.6541274057935

8,81.01882776180

05

9.6541274057935

8,81.25223172777

2

9.6541274057935

8,81.48563569374

35

9.6541274057935

8,81.71903965971

5

9.6541274057935

8,81.95244362568

65

9.6541274057935

8,82.18584759165

8

2 2,
9.4232548115871

6,79.385

9.4232548115871

6,79.61824598085

09

9.4232548115871

6,79.85149196170

18

9.4232548115871

6,80.08473794255

27

9.4232548115871

6,80.31798392340

37

9.4232548115871

6,80.55122990425

46

9.4232548115871

6,80.78447588510

55

9.4232548115871

6,81.01772186595

64

9.4232548115871

6,81.25096784680

73

9.4232548115871

6,81.48421382765

82

9.4232548115871

6,81.71745980850

91

9.4232548115871

6,81.95070578936

01

9.4232548115871

6,82.18395177021

1

3 3,
9.1923822173807

4,79.385

9.1923822173807

4,79.61809199155

25

9.1923822173807

4,79.85118398310

5

9.1923822173807

4,80.08427597465

75

9.1923822173807

4,80.31736796621

9.1923822173807

4,80.55045995776

25

9.1923822173807

4,80.78355194931

5

9.1923822173807

4,81.01664394086

75

9.1923822173807

4,81.24973593242

9.1923822173807

4,81.48282792397

25

9.1923822173807

4,81.71591991552

5

9.1923822173807

4,81.94901190707

74

9.1923822173807

4,82.18210389862

99

4 4,
8.9615096231743

2,79.385

8.9615096231743

2,79.61794198517

15

8.9615096231743

2,79.85088397034

31

8.9615096231743

2,80.08382595551

46

8.9615096231743

2,80.31676794068

61

8.9615096231743

2,80.54970992585

77

8.9615096231743

2,80.78265191102

92

8.9615096231743

2,81.01559389620

08

8.9615096231743

2,81.24853588137

23

8.9615096231743

2,81.48147786654

38

8.9615096231743

2,81.71441985171

54

8.9615096231743

2,81.94736183688

69

8.9615096231743

2,82.18030382205

84

5 5,
8.7306370289679

1,79.385

8.7306370289679

1,79.61779594915

67

8.7306370289679

1,79.85059189831

33

8.7306370289679

1,80.08338784747

8.7306370289679

1,80.31618379662

67

8.7306370289679

1,80.54897974578

33

8.7306370289679

1,80.78177569494

8.7306370289679

1,81.01457164409

67

8.7306370289679

1,81.24736759325

33

8.7306370289679

1,81.48016354241

8.7306370289679

1,81.71295949156

67

8.7306370289679

1,81.94575544072

33

8.7306370289679

1,82.17855138988

6 6,
8.4997644347614

9,79.385

8.4997644347614

9,79.61765387130

73

8.4997644347614

9,79.85030774261

45

8.4997644347614

9,80.08296161392

18

8.4997644347614

9,80.31561548522

9

8.4997644347614

9,80.54826935653

63

8.4997644347614

9,80.78092322784

36

8.4997644347614

9,81.01357709915

08

8.4997644347614

9,81.24623097045

81

8.4997644347614

9,81.47888484176

53

8.4997644347614

9,81.71153871307

26

8.4997644347614

9,81.94419258437

99

8.4997644347614

9,82.17684645568

71

7 7,
8.2688918405550

7,79.385

8.2688918405550

7,79.61751573977

09

8.2688918405550

7,79.85003147954

18

8.2688918405550

7,80.08254721931

27

8.2688918405550

7,80.31506295908

36

8.2688918405550

7,80.54757869885

46

8.2688918405550

7,80.78009443862

55

8.2688918405550

7,81.01261017839

64

8.2688918405550

7,81.24512591816

73

8.2688918405550

7,81.47764165793

82

8.2688918405550

7,81.71015739770

91

8.2688918405550

7,81.94267313748

8.2688918405550

7,82.17518887725

09

8 8,
8.0380192463486

5,79.385

8.0380192463486

5,79.61738154304

1

8.0380192463486

5,79.84976308608

2

8.0380192463486

5,80.08214462912

3

8.0380192463486

5,80.31452617216

4

8.0380192463486

5,80.54690771520

49

8.0380192463486

5,80.77928925824

59

8.0380192463486

5,81.01167080128

69

8.0380192463486

5,81.24405234432

79

8.0380192463486

5,81.47643388736

89

8.0380192463486

5,81.70881543040

99

8.0380192463486

5,81.94119697345

09

8.0380192463486

5,82.17357851649

19

9 9,
7.8071466521422

3,79.385

7.8071466521422

3,79.61725126995

43

7.8071466521422

3,79.84950253990

86

7.8071466521422

3,80.08175380986

28

7.8071466521422

3,80.31400507981

71

7.8071466521422

3,80.54625634977

14

7.8071466521422

3,80.77850761972

57

7.8071466521422

3,81.01075888968

7.8071466521422

3,81.24301015963

43

7.8071466521422

3,81.47526142958

85

7.8071466521422

3,81.70751269954

28

7.8071466521422

3,81.93976396949

71

7.8071466521422

3,82.17201523945

14

10 10,
7.5762740579358

1,79.385

7.5762740579358

1,79.61712490968

87

7.5762740579358

1,79.84924981937

74

7.5762740579358

1,80.08137472906

61

7.5762740579358

1,80.31349963875

48

7.5762740579358

1,80.54562454844

35

7.5762740579358

1,80.77774945813

22

7.5762740579358

1,81.00987436782

09

7.5762740579358

1,81.24199927750

96

7.5762740579358

1,81.47412418719

83

7.5762740579358

1,81.70624909688

7

7.5762740579358

1,81.93837400657

57

7.5762740579358

1,82.17049891626

44

11 11,
7.3454014637293

9,79.385

7.3454014637293

9,79.61700245176

11

7.3454014637293

9,79.84900490352

21

7.3454014637293

9,80.08100735528

32

7.3454014637293

9,80.31300980704

42

7.3454014637293

9,80.54501225880

53

7.3454014637293

9,80.77701471056

63

7.3454014637293

9,81.00901716232

74

7.3454014637293

9,81.24101961408

85

7.3454014637293

9,81.47302206584

95

7.3454014637293

9,81.70502451761

06

7.3454014637293

9,81.93702696937

16

7.3454014637293

9,82.16902942113

27

12 12,
7.1145288695229

7,79.385

7.1145288695229

7,79.61688388602

49

7.1145288695229

7,79.84876777204

99

7.1145288695229

7,80.08065165807

48

7.1145288695229

7,80.31253554409

97

7.1145288695229

7,80.54441943012

46

7.1145288695229

7,80.77630331614

96

7.1145288695229

7,81.00818720217

45

7.1145288695229

7,81.24007108819

94

7.1145288695229

7,81.47195497422

44

7.1145288695229

7,81.70383886024

93

7.1145288695229

7,81.93572274627

42

7.1145288695229

7,82.16760663229

92

13 13,
6.8836562753165

6,79.385

6.8836562753165

6,79.61676920266

86

6.8836562753165

6,79.84853840533

72

6.8836562753165

6,80.08030760800

58

6.8836562753165

6,80.31207681067

44

6.8836562753165

6,80.54384601334

29

6.8836562753165

6,80.77561521601

15

6.8836562753165

6,81.00738441868

01

6.8836562753165

6,81.23915362134

87

6.8836562753165

6,81.47092282401

73

6.8836562753165

6,81.70269202668

59

6.8836562753165

6,81.93446122935

45

6.8836562753165

6,82.16623043202

31

14 14,
6.6527836811101

4,79.385

6.6527836811101

4,79.61665839221

3

6.6527836811101

4,79.84831678442

6

6.6527836811101

4,80.07997517663

9

6.6527836811101

4,80.31163356885

2

6.6527836811101

4,80.54329196106

5

6.6527836811101

4,80.77495035327

8

6.6527836811101

4,81.00660874549

1

6.6527836811101

4,81.23826713770

4

6.6527836811101

4,81.46992552991

7

6.6527836811101

4,81.70158392213

6.6527836811101

4,81.93324231434

3

6.6527836811101

4,82.16490070655

6

15 15,
6.4219110869037

2,79.385

6.4219110869037

2,79.61655144550

99

6.4219110869037

2,79.84810289101

98

6.4219110869037

2,80.07965433652

97

6.4219110869037

2,80.31120578203

96

6.4219110869037

2,80.54275722754

95

6.4219110869037

2,80.77430867305

94

6.4219110869037

2,81.00586011856

93

6.4219110869037

2,81.23741156407

92

6.4219110869037

2,81.46896300958

91

6.4219110869037

2,81.70051445509

9

6.4219110869037

2,81.93206590060

88

6.4219110869037

2,82.16361734611

87

16 16,
6.1910384926973,

79.385

6.1910384926973,

79.616448353739

9

6.1910384926973,

79.847896707479

8

6.1910384926973,

80.079345061219

8

6.1910384926973,

80.310793414959

7

6.1910384926973,

80.542241768699

6

6.1910384926973,

80.773690122439

5

6.1910384926973,

81.005138476179

4

6.1910384926973,

81.236586829919

3

6.1910384926973,

81.468035183659

2

6.1910384926973,

81.699483537399

2

6.1910384926973,

81.930931891139

1

6.1910384926973,

82.162380244879

17 17,
5.9601658984908

8,79.385

5.9601658984908

8,79.61634910841

08

5.9601658984908

8,79.84769821682

17

5.9601658984908

8,80.07904732523

25

5.9601658984908

8,80.31039643364

33

5.9601658984908

8,80.54174554205

41

5.9601658984908

8,80.77309465046

5

5.9601658984908

8,81.00444375887

58

5.9601658984908

8,81.23579286728

66

5.9601658984908

8,81.46714197569

75

5.9601658984908

8,81.69849108410

83

5.9601658984908

8,81.92984019251

91

5.9601658984908

8,82.16118930092

99

18 18,
5.7292933042844

6,79.385

5.7292933042844

6,79.61625370135

58

5.7292933042844

6,79.84750740271

16

5.7292933042844

6,80.07876110406

74

5.7292933042844

6,80.31001480542

32

5.7292933042844

6,80.54126850677

9

5.7292933042844

6,80.77252220813

48

5.7292933042844

6,81.00377590949

06

5.7292933042844

6,81.23502961084

64

5.7292933042844

6,81.46628331220

22

5.7292933042844

6,81.69753701355

8

5.7292933042844

6,81.92879071491

38

5.7292933042844

6,82.16004441626

96

0 1 2 3 4 5 6 7 8 9 10 11 12
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17

18

 These results were generated through the preparatory survey in Dec. 2013.  
 The field survey has not conducted. If you want to estimate  planted area by crop, you should conduct  

a field survey at the sample dots.  
 It took about 1 hour  to complete the preparatory survey. 
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Target area 
Here is 100 sample 

dots  

0 1 2 3 4 5 6 7 8 9 10 11 12

0 ,

1 , 1 2 1

2 , 4 1

3 , 1 1 1

4 , 1 1 1 4

5 , 1 1 2 1 1

6 , 1 1 5 1 1

7 , 1 1 1 1 8 1 1

8 , 1 1 1 1 1 4 1

9 , 2 1 8 1 1 4 1 4

10 , 2 1 1 9 1 5 1 4 4

11 , 1 1 1 1 1 1 1 1 1

12 , 1 1 1 1 1 1 1 4 1

13 , 2 1 1 1 8 1 2 1

14 , 4 1 1 1 2 1 1

15 , 2 1 2 1 1 1 1

16 , 2 1 1 2 4 1

17 , 1

18 ,

Example-1.  Sri Lanka  n=100 

3.3 Dot sampling in a country level 
After the training, 
each trainee tries  
a land use survey  
on Google Earth. 

Comparison (Paddy)  
Official   and    Dot 

Close or not ? 
Demonstration!  

Procedure 

10,400  9,451  

1,592  

0

2,000

4,000

6,000

8,000

10,000

12,000

Major rice                       (OAE
2011)

Planted area  +Dyke
(Dot 2013)

1,000ha 
Comparison (Paddy)  
Official   and    Dot 

Ｐｌａｎｔｅｄ　ａ
ｒｅａ(ha)

Ｒａｔｅ(%)

Major rice 10,400,000 20.3

   Example-2  Thailand n=999 
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Paddy field in Thailand on Google Earth (Aug.2013) 

Official planted area (Major rice), OAE, 2011  

Number of
dots

Rate(%) Area(ha) SE CV

Pure planted area
（Major rice)

184 18.4 9,450,859 1.2 6.7

Dyke, Trees, 31 3.1 1,592,264 0.5 17.7

215 21.5 11,043,123 1.3 6.0

Category

Paddy
field

Total

 Based on the same procedure, we estimated paddy field in Thailand. 

Difference: 
643,000ha(1.2point) 
SE(standard error) 1.2 
Dyke! Important factor. 
Which is better? 
   Today, both are good. 

Code
Number of

dots
Rate(%) Area(ha) SE CV

・・・ 517 51.8 26,554,859 1.581 3.1

Cultivated land(upland) 1 246 24.6 12,635,387 1.363 5.5

Cultivated land Paddy
（Major rice) 11 184 18.4 9,450,859 1.226 6.7

Cultivated land in

mountain
2 5 0.5 256,817 0.223 44.6

Dyke, Trees,etc 3 43 4.3 2,208,625 0.642 14.9

Maybe orchard 7 32 3.2 1,643,628 0.557 17.4

Aqua farm 8 7 0.7 359,544 0.264 37.7

4 451 45.1 23,164,877 1.574 3.5

5 27 2.7 1,386,811 0.513 19.0

6 4 0.4 205,453 0.2 49.9

999 100.0 51,312,000 … …

Cloud

Total

Category

Cultivated land

C
ul

ti
va

te
d 

la
nd

/B
re

ak
do

w
n

Forest, River, Lake, etc

Residence, Factory,  Road

Land use map 

 This is the result of preparatory survey. It took two days to complete this survey. 
 Even the area of dyke (include trees, rocks, cottages in a field) can be estimated. 
        Rate of dyke: 31/215=14.4%  This rate suggests that  dyke is an important category to check planted area .  

 If you want to estimate  reliable planted area by crop , you should conduct  a field 
survey. You can resolve the difference between the official and the dot estimate. 

 Country levels have finished, we show you again Google Earth. Thailand. 



     3.4 Further discussion 

① Which is better “Random” or “Systematic”? 
② Comparison of the dot estimate and complete survey. 
③ Actual sample size for a field survey. 
④ Category design. 
⑤ Low resolution. 
⑥ Update frequency. 
⑦ How to use Google Earth. 
⑧ Weak points of the method. 
⑨ Etc.(e.g.  GPS, Google permission……) 
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You may have a lot of questions on our presentation. 

①,② and③ are important issues. 

● ● ● ● ●

● ● ● ● ●

● ● ● ● ●

● ● ● ● ●

● ● ● ● ●

3.4.1 Which is better  “random” or “systematic”?  
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bin 

Random Systematic
min 0.7669 0.7756
max 0.8016 0.7949
average 0.7853906 0.7854058
true value 0.7853982 0.7853982
average/true value 0.9999904 1.0000097
SD 0.0041119 0.0039703

Monte Carlo simulation on the estimation of share of green part (a quarter circle). 
Sample size 10,000.      Observation: 100,000 times 

The results show that the shape of the frequency distribution of random is more beautiful 
than that of systematic. But, the min, max and average of systematic are better than 
those of random. From the viewpoint of practical work, systematic is better than random, 
too.   

Theoretical True Share P =
𝐴𝑐𝑖𝑟𝑐𝑙𝑒/4

𝐴𝑠𝑞𝑢𝑎𝑟𝑒
=

(𝜋𝑟2/4)

𝑟2
=

𝜋

4
=

3.1415926536…

4
= 0.785398163 

 

 𝝅 = 𝟒𝒑 =4×0.7854=3.1416 

Random method 

Systematic method 

r=1 

Circumference rate can be estimated. 

Note: This simulation was conducted by Mr. Nobunori Kuga who is a senior statistician in MAFF of Japan in Jun 2014. 

According to the result of our Monte Carlo simulation………………. 
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 Results of a pretest on cultivated land estimation in Japan (Kamakura,  Miura and 
Hiratsuka city in Kanagawa prefecture) 

 This results show the reliability of the survey. 

Comparison of Dot sampling and Complete survey by GIS.  

Dot Complete 

Land register 

Three cities in Japan, December 2011, n=2600 

3.4.2  Did you compare the results with 
complete surveys? 
Yes, we did. The results are shown below. 

3.4.3 Please show us the relations of share, precision 
and sample size.  

20 

Share of
Cul ti vated Land

(%)

Share of  Non
cul ti vated l and

(%)

p q=(100-p) 3 5 10 3 5 10

1 99 110,000 39,600 9,900 1,100 396 99

2 98 54,444 19,600 4,900 1,089 392 98

3 97 35,926 12,933 3,233 1,078 388 97

4 96 26,667 9,600 2,400 1,067 384 96

5 95 21,111 7,600 1,900 1,056 380 95

10 90 10,000 3,600 900 1,000 360 90

15 85 6,296 2,267 567 944 340 85

20 80 4,444 1,600 400 889 320 80

30 70 2,593 933 233 778 280 70

40 60 1,667 600 150 667 240 60

50 50 1,111 400 100 556 200 50

60 40 741 267 67 444 160 40

70 30 476 171 43 333 120 30

80 20 278 100 25 222 80 20

Needed sample size by CV(%)
(Preparatory survey)

Actual sample size by CV(%)
(Fie ld survey)

Theoretical sample size is decided by two factor, “share” and “aimed precision” 
Actual sample size is decided  [two factor, “share” and “aimed precision”] and [“share”] 
Therefore, the actual sample size for the field survey is smaller than the sample size in the 
stage of preparatory survey which is decided considering precision. 

The relations are shown below. 

Theoretical Sample size 
(Desk work) 

Actual Sample size 
(Field work) 

Actual sample 
size can be 

reduced 
dramatically !! 

Cultivated land 
Field survey group 

Non cultivated land 
Non field survey group 

𝑛 =
𝑝𝑞

𝑆𝑝
 𝑛′ =

𝑝𝑞

𝑆𝑝
𝑝 



4. Conclusion  
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1. We have established the “Dot Sampling Method for Area Estimation”.  
2. It is connected Attribute method with Excel and Google Earth.   
3. The method have resolved various issues which were difficult.  
4. The advantages and achieved techniques  are shown as follow.   

5. We hope that the method is tested and used in Asia and Pacific regions . 
6. Let’s learn the method together. 

 
Simple  
 
Easy 
 
Reliable 
 
Cost effective 

5. Acknowledgement 

At the same time, we appreciate their cooperation1 in MAFF 
of Japan, JICA, MAFC of Tanzania, Africa Rice Center and FAO 
who helped us to establish and to spread the method. 

 

22 

1 Experts: 
MAFF of Japan: Mr. Kenji Kamikura, Mr. Nobunori Kuga, Mr. Yasuhiro Miyake, Ms. Emiko Morimoto. 
          Mr. Ryuki Ikeda .              [Retired]: Mr. Takejirou Endo, Mr. Akira Kato. 
JICA Tanzania: Mr. Minoru Homma.  
JICA M&E Project: Dr. Fuminori Arai, Dr. Michio Watanabe, Ms. Kyoko Akasaka,  Mr. Hakan Yuksel. 
MAFC of Tanzania: Mr. Oswald  Ruboha, Mr. Alli  Kisusu. 
AfricaRice: Dr. Aliou Diagne, Dr.Toure Ali, Dr. Alioune Dieng. 
FAO: Dr. Naman Keita, Dr. Elisabetta Carfagna, Dr. Mukesh Srivastava. 

Thank you very much 
for your attention  

● ● ● ● ●

● ● ● ● ●

● ● ● ● ●

● ● ● ● ●

● ● ● ● ●
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