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1. Background
A Short Story (Episode) about the Dot Sampling Methods

Please estimate land use share

(1) An old dot sampling method

Target area

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

Google Earth

He says; You put sample pOintS at random on AaundlICA Tsukuba in Japan
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 surveys?.

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.

1Dr. Frank Yates in Englandin 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 .



(2) A new dot sampling Method

Recently, young students group in Asia learned the old method to improve
current crop surveys®, especially planted area survey, and wanted to realize the
method on Google Earth?. 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.
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Put sample dots on Google Earth
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Generated sample dots on Excel '

. sheet with combinations of |

+ latitude and longitude

s e n S i:'stimate: T > ':TIW W—;Who/e area
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 Current crop survey: area frame survey, or Remote sensing : a big system. It is web-site maps, it was developedin US in 2005. 3

2. Methodology
| isagoodtool |

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

® 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.

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”.

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.



2.2 First function

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

. . Please overlay
. . «| atrandom
Systematic-random-dot-sheet. Map of a target area

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

2.3 Second function

® The dot sheet can estimate the share by category.

er o rm There are 64 dots on the cultivated land.
o ) You estimate the area.
. . . T=Tw= 5 2
: : : " T00 < 10,000m:
=6,400m?
L L L It doesn’t contact with farmers.
_10_0 dOt_S S.he.et & 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!”

Whole area :W=10,000m? }

® The method is called “attribute survey” .
® The formulas are simple.

- _ N N . S,
Estimate: T = %W Standard error Sp = Where, p=7 a= 1-p = %’ % 100

n
Whole area

Note: Mr. Akira Kato who is a ician and istici i with me the theoretical back ground of the formula in Feb. 2013 . 6



3. Results obtained

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

’ 1.1 To decide target area and sample size ‘
kg2

’ 1.2 To generate sample dots on the Excel sheet ‘

1.Dot Sampling
T ’ 1.3 To put sample dots on Google Earth ‘
2. Preparatory land Use |

Survey (on Google Earth) Survey ‘
17 (Desk work) § Cultivated la
Field surve

3- Field survey Dividing into two groups

Planted area
2 survey in the field

4. Estimation (out put) (cm(pFiser;:"x::k';' &)

¢ Checking crop’s name

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

3.2 Procedure in a small area is shown as follows:

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

[

Sample size ’
96

Target area

JICA@Spkuba
>

7

® 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,

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 8
2011. Google Earth is suitable maps for a land use survey.



3.2.2 Using Excel macro, you generate sample dots

on the Excel sheet (Sampling without list).

® 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. [ A part of Excel Sheet ]
T—1 Basic data to generate sample dots (Sampling Design)
Size of the Target Starting point | Starting point [Finishing point Finishing point| lhterval in km | Necessary Necessary
Target 2 Sampl
arget area area ki amele $12¢ | (atitude) | (Uongitude) | (iatitude) | Clongitude) | Moependon @) _|number of L of Rows
(0] (2 3) @) (5) (6) ) (8)=4(2)/(3) (9) (10)
i 0.24 96| 36.030751| 140.12411| 36.027596| 140.13022 0.05 8 1
T-2 Sample dots (Coodinate Values) Don’t change the numbars on yallow oeliz banause tha numbers ara usad far the calaulations.
Nama of Longitude
= e 0 1 2 3 4 5 6 7 [
d . 3603075098,140.12 3603075098,140.1 [1603075098.140.1 [16.03075008.140.1|36.03075008,140.1 | 36.03075098,140.1 |36.03075098,140.1 [36.03075098.140.1 [36.03075098,140.
. 41022 27096042231
\ . 36030900311229.1 [3603030031 1229, 3603030031 1229, [3603030031 1229, |36 030300311329, |36.03030031 1229, |36.0303003 11229, [36.03030031 1329, [a6.03030031 1329,
. 101241002 140, o0 11| 140 126329811422 140.126085214278] 140.127440617133) 140 140
g 2 401241082 ) 1 1 140. 12632979871: |w\25855|933§v 140. 8 140. 6 140.
] s 120398973087,

[ +| Those sample dots are sent to Google Earth, [z
| . using Excel macro. s,

| o \o t2a55125575
o 5 i B 0 B 7 f

7 7,

401241082 14012486356370 | 1401252189675 | 1401257435137 |40 12652973516 |14012608511895

[dorarasosonys 1401219959905 |14012655121033

g & 1401241082

1401246358061 |.140.12521896122 |.140.12577434184 |,140.12632972245 |.140.12688510307 [.140.12744048368 [.140.12799586430 |.140.12855124491
5 o 4 o 3 s s i

* 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. 9

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

® 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 Expertin Tanzaniain Oct 2012.

KML file can be sent to others (e.g. local offices, enumerators) by e-mail, and displayed the sample dots. 10



3.2.4 You conduct the preparatory survey

® 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.

Category |Code 0 1 2 3 4 5 6 7
- Paddy 1
o _[field
1
E E Dyke 2
3
© |Upland 3
-E Land 4
= |Road
E 5
= .
2 Road(soil) | 6
S |Irrigation, 7
c |river
S
Z |others 8
Tentative 9
reserve

iy

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.

Results of Preparatory survey Frequency distribution of sample dots by category
allofle|ofje]s]e]l7]o]o]in]|wn Category Code | Frequency s?;;e l(\;;e)a SE cv
ol |1 ]2]als]s]s|[1[r]1]4]a 2 2
tsfa ||t 7]s]s[a]1][1]1]e|f3 |Paddy field 1 30 31.3 7.5 4.7 15.1
e s e s fe]s[ [ ][1]1]0E=
> c
ol alalalalals s lalslalsTs a_;EDyke 2 3 3.1 0.8 18 56.8
444445 |s|sj1]2]5]6|1|§O [Upland 3 14 14.6 3.5 3.6 247
5|4]alafa]als]a]s]s]1]s]e
8|4 |a|a|5|al6lala|alsl2]|s E Residential Land | 4 24 250 6.0 4.4 17.7
plefeleleloeelelof®|2 '/} 5 |Road (asphalt) | 5 12 125 30 34 270
. 2
Summarize : 2 [Road(soil) 8 5 5.2 13 23 435
=
O |Irrigation, river 7 1 1.0 0.3 1.0 99.5
c
o
Z |others 8 7 73 18 2.7 36.4
Tentative reserve 9 0 00 0.0|
Total 96| 1000 24.0 00 00

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

® 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.

Category code
Dyke 3
Regidential land, (Include N
lbulding, garden, parking,
Rosd aphal) | 5 of 1| 2f 3 4 5 6 7 1
Road (soil) ] 0 | 101 3| 7| 8 6 5101 1 14 8| 104
Irigetion, River " 1 | 106[ 101| 101| 101| 8| 101| 5| 101] 101| 101| 101
Othaxs 8

2 | 107| 8| 4| 101| 101| 101| 6| 5[ 106/ 101| 101
Paddy 101
- — 3 4| 6| 105 4 5| 101 101| 101| 5[ 101| 101| 10
[Bweet potato 102
Sogbean 109 4 4| 4| 4| 4| 107] 101 107| 101| 101| 5| 101] 101
Vegitable 104 5 4| 4| 4| 106 5| 107| 106| 106 3| 101| 5| 101
[Eruite (Tree) 1% 6 8| 8 4| sl 107 s|1os| 5| 106 5|01 5ling season
ozt et 106 7 8| 4| 4| 4| 107| 107| 104| 6| 106 106 5| 101
No plaxt jon) | 107 A
A ¥

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.

3.2.7 Finally, you summarize and estimate planted area by crop

®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

Result of the field survey

Estimate of planted area by crop (ica training sep 2012)

of 1 2 o 4 8| of 7 8 of 1o n Category code| AP | 5hare (3)| Arca (he) | BE cv
o 101 3 17 8 6 5| 101| 101| 101 101 8| 104] Dyke 4 12 1.0, 20 489
1 | 108] 1o1[ 101| 101| 8| 101 & 101| 101( 101 101| 3 Residential land, (Include -
bulding, garden, parking, 4 14 14.6 35 36 247
2 107 8| 4 101f 101] 101 L 5| 108| 101| 101 3|
Road (asphalt) 5 14 14.6 3.5 36 247
3 | 4| sftos| 4 5101|101 101] | 01| 101] 101 .
Road (soil) 6 4 4.2 1.0 20 48.9
L I O I R A S ) S sy - 1 o s o 995
5 4 4 4| 106 5| 107| 106 106 3| 101 6| 101 Others 8 7 7.3 1.8 27 364
6 8 8 4 5| 107 5| 106 6| 106 6| 101 5| addy 101 5 34.4 8.3 48 14.1
7 8 4| 4 4| 107 107| 104 6| 108 108 5| 101 Sweet potato 102 0 0.0 0.0 0.0
. Soybean 103 0 0.0 0.0 0.0 -
I—SM..
Planted area in Tsukuba training egitable 104 2 2.1 0.5 1.5 700
Noplant _field Fruite (Tree) 105 1 1.0 0.3 1.0 99.5
Fruite (prepalati Residenti urf (Lawn) 106 9 9.4 2.3 3.0 31.7
alland, o plant (prepalation) | 107 7 7.8 1.8 2.7 36.4
(Include
ulding, otal EE Tﬁu 0.0 0.0
garden,
parking,
oo ® We have just finished the planted area survey
in a small area.
Road .
igation, (soi) ® Next, we try area surveys in a country level.

others Rver 4%
thers o
7%




After the training,
h trai tri
3.3 Dot sampilngiln a country level C 5 onduse survey

on Google Earth.

[ TNumber[ I I Estimate
4] 5] 6] 7] 8] e[1o[11]12FV |'ocons
| T T T T 1T 1T T ol a0

o|1(2|s|4(5|8|7 |88 |10f11]12
[ 284 722

Example-1. Sri Lanka n=100

)
~
©

0

U 30.0 656

g 787
7 70.0 131

2

569 A2

Close or not ?
Demonstration!

Target area ] o]
Here is 100 sample
dots

AR LA Bl Ul L b

NSNS

SONNNNNN S

NN

S|

INNSNNNNNS

4)
Comparison (Paddy)

-Qﬁisial-and‘-I-

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.

15
It took about 1 hour to complete the preparatory survey.
Example-2 Thailand n=999
® Based on the same procedure, we estimated paddy field in Thailand.
Land use map Paddy field in Thailand on Google Earth (Aug.2013)
Category Number of | Rate(s) | Areatha) SE ov
Paddy F“'(EM‘:;’:‘:::)'“ 184 18.4| 9450859 12 6.7
field Dyke, Trees, 31 3.1 1,692.264 05 17.7
Total 215 21 11,043,123 13 6.0
Official planted area (Majoi , OAE, 2011
Gategory Code Planted a Rate(%)
rea(ha)
Cultivated land ..o T
1 Major rice | 10,400.000I 203
" N Difference:
3] so0oka Cgf';'i:;'l's::jpag:‘t” 643,000ha(1.2point)
3 12000 — — (: error) 1.2
£ [Maybe erchara 5| 10000 Dyke! Important factor.
° Jorm 8000 Which is better?

6,000
4,000
2,000

0

Total Major rice (OAE  Planted area +Dyke
Dot 2013)

® 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 .

® |f 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.

Today, both are good.
Forest, River, Lake, etc 9,451

Residence, Factory, Road 5|

Cloud

16



3.4 Further discussion

You may have a lot of questions on our presentation.

Which is better “Random” or “Systematic”?
Comparison of the dot estimate and complete survey.
Actual sample Size for afield survey.

Category design.

Low resolution.

Update frequency.

How to use Google Earth.

Weak points of the method.

Etc.(e.g. GPS, Google permission......)

CICINICICICI®IS)S

D, and®) are important issues.

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

According to the result of our Monte Carlo simulation...................
Random method

11000 aRRuga: Random | Systematic
> gggg " i min 0.7669 0.7756
g7 n = § 6000 |max 08016 0.7949
ot g [average 07853006] 07854058
1308 true value 07853982 07853982
s S IR nraennoeny  [average/true value | 0.9999904| 10000097
Systematicmethod 110:;:‘ NN NSNS HH‘H D 000411191 00039703
Theoretical (True)Share P =
Acircle/a _ (nr?/4) _T_
Asquare r? 4
3.1415926536...

= 0.785398163

4
OO N KO T OISO 00T O NTISILKOINS0TO N Circumference rate can be estimated.

.................................... 7 = 4p=4x0.7854=3.1416

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,

18
NQQ <This simulation was conducted by Mr. Nobunori Kuga who is a senior statistician in MAFF of Japan in Jun 2014.



3.4.2 Did you compare the results with
complete surveys?

Yes, we did. The results are shown below.

Comparison of Dot sampling and Complete survey by GIS.
Three cities in Japan, December 2011, n=2600

Dot Complete

= Land register
by \
#00 1 B
£00 :
200 , " o
200 |
0 — - 0

Kamaeura Miurs Hirt suba

® Dot sampling method  m Compleate survey = Land regster tor properly tax

® 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. 19

3.4.3 Please show us the relations of share, precision

and sample SizP. Theoretical Sample size
(Desk work)

Actual Sample size
(Field work)

The relations are

cuohare of | Share of Non [Needed safffple size by CV($)||Actual sample size by CV(%)
0 0 (Preparatory survey) (Field survey) No d
3 q=(100-p) 3 5 10 3 5 10 N oup
1 99 110000( 39,600 9,900 1,100 396 99 .
2 98 54,444 19,600 4,900 1,089 392 98 Cultivated la
3 97 35926 12,933 3,233 1,078 388 97 Field survey
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 3,600 904 1,000 360 90 n= ﬁ n = m
15 85 6,296 2,267 567 944 340 85 Sp Sp
20 80 4,444 1,600 400 889 320 80
30 70 2593 933 233 778 280 70 Actual sample
40 60 1,667 600 150 667 240 60 a
o % R T T I ) size can be
60 40 741 267 67 444 160 40 reduced
70 30 476 171 43 333 120 30!
80 20 278, 100 29 222 80 20 dramatica"y ]!

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. 20



4. Conclusion

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.

't.m F JA + B A 2 T
| Simple statistical methodalogy. simol
Attribute mathed | Mo memsurng {Category survey), imple
Excel | Non sempling srroes hardly oo
Google Earth Sampling without bst Easy
| Accurate Web maps, [Lecation, Categery)
b —— 4 ::)
g |Sampling [ontucalShast,Googlelwth, | Reliable
§ Fregaratory on Google Earth. Sarvey tiere: One jeategnrg.
§ Feld survay on the Fleld, No-cortact with farmar Cost effective
o Resolved complicated land, rare crops, ete
Manual/Questicnnaire
It (Estimates) Speeady, reliable cutputs.

5. We hope that the method is tested and used in Asia and Pacific regions .

6. Let’s learn the method together.
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