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Survey based agronomic statistics and their application for
land and water usage quantification

» Why using survey data? » How to implement survey data

» Challenges / pitfalls » Combination with other data
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* In most of the countries surveys or censuses are undertaken in regular time steps
* A lot of information is available on agriculture, environment, economy, water use
» Data are reported for specific administrative units (states, provinces, districts ...)

# spatial data
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~ USGS Estimated Use of Water in
SO the United States in 2010
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[ Public supply
[] Other —
[ Irrigation
M Industrial
[] Thermoelectric power

a1 e

2R DG & A
RN \@‘\‘QQ-’,@‘ TS

RPN N {\\'é Q§~\QLQQL(,0 ®©

O 2 2 N S
RO T S FERW
P o 550&\(&\\.%#\\0@%,5\\‘? PN
Z W %"‘"Q‘:\\Q}" TLE®
N

# Access to data that are difficult to measure or observe in the field
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e Crops and Plants
e Economics

e Farms
e Livestock and Animals
e Operators
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Acres Enrolled in Crop Insurance Programs: 2012

7 United States Total
s 245,501,827
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e Crops and Plants

e Economics

e Farms

e Livestock and Animals
e Operators

2012

Average Age of Principal Farm Operators: 2012

Average Age
| | Under 56
56 -56.9

57-579
58-589
59-59.9
60 and over

United States Average
58.3

# Access to ancillary
information to support

modeling of water use
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Terms and definitions differ! cmrsaeee s UNIVErsitatbonn
Republic of Yemen - Agricultural Statistics Yearbook 2013
) MSA( dabusall . JUPTTLLLLEb, ?2'61'5';_;_‘-3-;”*@%@M\,w\,M\ Glabewall g G 3 O Elad) das
., Crops Area By soures Irrigation _,* yandifabead | L L yialioss
Taag, H‘#;Lﬂ . ----‘-‘ \ " EENISeM) EEN ) ol =
W Governorates GAL | s ey [T TEM Js# Jopm S SRR B aduali Ees P T I
Cn Al . Crops . No of Agri. i
emq:x’;’::& Other 01"1a2|;r Dams streams | Floods | wells Rains Area Cultivatble | Total.Area Holders
o, ) gty s 3 ) )
AL-Hodeidah 355 | 4,251 (10,627 | 9.565 | 56.680 | 95,647 |177.125] 354,250 | 314,777 | 327,107 | 87,486 swaall | 1
P US| [ PG { R - Sana'a 175 | 2,096 | 5,239 | 4,715 | 27,942 | 47,153 | 87,320 | 174,640 | 136,596 | 144,900 | 88,905 slada | 2
2013 ol Dhamar 125 | 1,504 | 3,759 | 3,383 | 20,049 | 33,832 ) 62.652 | 125,304 | 103,296 | 113.734 | 111,969 Jad 3
Ibb 102 | 1,222 | 3,054 | 2,749 | 16,288 | 27.486 | 50,901 | 101,802 | 53,224 56,445 | 177.614 < 4
Taiz 86 1,044 | 2,610 | 2,349 | 13,920 | 23.489 | 43.499 | 86,997 58,117 64,067 | 155,505 P 5
Mareb 42 520 |1,300 | 1,170 | 6,931 | 11,696 | 21.659 | 43,318 88,886 | 116,592 | 14,450 b 6
Hajjah 136 | 1,633 | 4,082 | 3,674 | 21,773 | 36,741 | 68,039 ] 136,078 | 136.815 | 147,076 | 98,292 s 7
AL-Baida 36 438 | 1.096 986 5.844 | 9.861 | 18,262 | 36.523 69,520 74,956 34,778 | sbaxd | 8
Sa'adah 44 530 |1,324 | 1,192 | 7,062 | 11,918 | 22,070 | 44.140 40,721 50,726 49,113 sana | 9
AL-Mahweet 31 379 947 852 5,049 | 8,520 | 15,778 | 31.556 21,726 27.443 44,698 | <wsaal |10
Lahej 37 447 | 1117 | 1,006 | 5,960 | 10,058 | 18,625 | 37.250 26,390 31,804 55,570 = (11
Abyan 45 530 | 1,326 | 1,193 7,070 | 11,931 | 22,095 ) 44,190 60,757 65,071 28,449 O 12
Hadramout 48 581 | 1.454 | 1,308 7.753 | 13,083 | 24,227 | 48.454 51,715 54,422 40,159 [Csapaa|13
AL- Jawf 50 609 | 1,523 | 1.371 8,122 | 13,706 | 25,381 50,762 90.972 | 109,245 | 28.638 <l (14
Shabwah 26 306 766 690 4,087 | 6,896 | 12,771 25.542 49,373 58,524 22,578 sgudi |15
AL-Maharah 2 35 87 79 466 786 1.456 2,911 3,368 3,973 3,467 s ¢l |16
Aden 2 17 43 38 227 384 710 1.421 2,834 3,013 516 (e 17
Amran 106 | 1,249 | 3.123 | 2,811 | 16,659 | 28,112 | 52,059 | 104.119 | 107.098 | 121.487 | 69,395 U |18
AL-Daleh 16 190 474 426 2,527 | 4,265 | 7.898 15.796 14,009 15.089 36.680 rual (19
Sana'a City 7 87 217 195 1.157 | 1.952 | 3.615 7.230 8,725 9,317 7.725 Y |20
Raimeh 28 325 814 732 4,339 | 7,323 | 13,560 27.121 13.519 14,493 35,994 “y |21
Total 1.499 (17,993 44,982| 40,484 |239,905|404,839 749.702.1.499,404 1.452,438(1,609.,484 (1,191,981 Ay

- Definition of “irrigated area” or “groundwater” differs considerably across countries
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Tpp— i ha
(@M ot et ilo ol CHINA STATISTICAL YEARBOOK B2{0N kS g_, mmm»

12-5 Trrigated Area of Cultivated Land and Consumption of Chemical Fertilizers
o” H H
Consung- Irrigated area is the sum of
: 2! ! '1 5 Year Irrigated Area tion of ) . .
of Cultivated Chemical Nitro- Phosphate Potash Compound Wa te r e d ﬁ e I d S a n d I r r I g a te d
* % i+ $ g Land Fertilizer genous Fertilizer Fertilizer Fertilizer . . . .
= Region o 1000 | Ferizer fields where irrigation systems
CHINA STATISTICAL YEARBOOK hectares) tons) .
or equipment have been
1978 449650 884.0 installed for regular irrigation
1980 44388.1 1269.4 934.2 2733 346 272 ”
purpose.
1985 440359 17758 1204.9 3109 80.4 179.6
1990 474031 25903 1636.4 452.4 147.9 3416
1995 49281.2 3593.7 2021.9 632.4 2665 670.8
Erastass 2000 538203 4146.4 21615 690.5 3765 917.9
2005 55029.3 4766.2 22293 7438 4895 1303.2
2006 557505 I 49277 20625 7695 5097 1385.9

TABLE 10
Irrigation by major river basin in Mainland China in ha (Source: MWR, 2007/2006/2005)

3k

VO Food and Agriculture Organization
s/ of the United Nations AQUASTAT Home

Total area Annual crops Actually Actually Actually irrigated
River basin equipped for (effective Forests Orchards Pasture Other irrigated total irrigated annual other (part of
irrigation irrigation)* (part of 2) crops (part of 3) 4+5+6+7)
[1] [2]=[3+4+5+6+7] [3] [4] [5] [6] [7] [8]=[9+10] [9] [10]
Total 200 62 559 130 57 078 400 1562 150 1988 650 1201 170 728 760 53 892 399 49 024 490 4 867 909
Total 2005 61 897 940 56 562 360 1636610 1860 940 1172 020 666 010 52 758 103 47 968 730 4789 373
Total 2004 61511 150 56 252 070 1573 310 1862 460 1184 990 638 320 52 251 258 47 783 880 4 467 378

* In China, irrigation of annual (food) crops is called "effective irrigation”

» Area equipped for irrigation underestimated by 7 Mha (10%) in FAO data until 2012 because the
irrigated area derived from the statistical yearbook of China excluded pasture, orchards and
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Different source — different data!
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United States Department of Agriculture

About the Census Publications | Your Census. Your Story.
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2002 Census of
Agriculture

Estimated Use of Water in Estimated Use of Water in ESTIMATED USE OF WATER * Diﬁerent inSﬁtUﬁonS
the United States in 2010 * o the United States IN THE UNITED STATES .
in 2005 2000 * Different reference years
e * Different sampling
strategies
* Different results, e.g. for
irrigated areas
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Different source — different data!
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Spatial and categorical detail
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{(UNdata

world of information

¥) FAOSTAT

European Commission

>
eurostat Your key to European statistics
——_di

Statistisches Bundesamt

BLDB

andesdatenbank NRW

Flow of information (reporting)
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National Statistical Office

=> Depending on the data provider, the
spatial resolution of the statistics may be
limited to country level, state level,
NUTS3 (Eurostat) or municipality level
(statistical agencies of subnational units
such as federal states).
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Data at high resolution often contain missing data (values confidential or unknown)

A B [ D E F G H | =l

asstralian | Aystralian Bureau of Statistics

Statistics

1

2 \Water Use on Australian Farms, 2005-06: Estimates for Local Government Areas
| 3 |Released at 11.30am (Canberra time) Fri 12 September 2008

4 Table 1: Total water use

5
I Agricultural Agricultural Irrigation volume

businesses businesses - applied Irrigation volume  Other agricultural ~ Other agricultural Total water use  Total water use -

6 |Region (Number) Annotation (Megalitres) applied - Annotation  uses (Megalitres) uses - Annotation (Megalitres) Annotation
505| Tumut Shire (A) 383 6297 1736 8032
1506/ Tweed (A) 663 2806 1584 A 4390
507 Unincorporated ACT 99 784 A 439 1224 A
508| Unincorporated NSW 147 " Y N 3461 A
1509|Unincorporated NT 283 7 ' -7 22444
@ Unincorporated SA 216 1 n.p. -i A n.p. - _5222 -
1511|Unincorporated Vic 20 : n.p. : A P AR n 1 n.p. -i A
512|Unley (C) 2 * I np. A 1 — 1 : n.p. : A
513|Upper Gascoyne (S) 21 L__ni).__! * : n.p. : ==g&HI =

514|Upper Hunter Shire (A) 717 31225 B vi 36017
1515 Upper Lachlan (A) 1017 e T2 5219 6991 d
1516/|Uralla (A) 295 |___n.p_.________________._.__l 3484

517 Urana(A) 149 23461 1311 24771
1518 Victor Harbor (C) 148 3186 791 3976

O e Table 1 /T35 2 { T3be 3 Explanatory Notes / 124 A1 - 1nes | ﬂj
# To achieve complete coverage, missing values need to be estimated => uncertainties
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Survey data can only be mapped with consistent administrative unit boundaries
but
most of the providers of survey data do not offer these geodata => mapping is not
possible or needs external data that often are not consistent

Example: FAO crop calendar for Africa

englis francais espariol
- All agro-ecological zones
ﬁ\\//p r4 qh’:-é i o "",) r 7

Food and Agriculture Crop A s i

Orgamzauon of the

i’ Colendar

Coastal savannah zone

Guinea savannah zone

FAO Home

Crop calendar
\ Ghana v - baCk

[ [C] All agro-ecological zones

Rain forest zone

O O O 0O O

Transitional zone

Low-lying, covers about 16,000 km2. Vegetation: mainly grass
and scrub. Soil: savannah-ochrosols. An

Area: about 152,000 km2. Soils: generally poor. The better soils
are found in the floodplains and al

Area: 84,000 km2. Annual rainfall: 1,150-2,000 mm. Rainy

[[] Coastal savannah zone
[C] Guinea savannah zone

] Rain forestzone N o~
— seasons: (1) Main season: March-August; (2)

© ¢l © o o

[F] Transitional zone ggrﬂe{r r%glons north 05-1300 mn;. Raem‘—\]\twstude 120-275 m.
.
Map of agro ecological zones used for
select by group select by crop select by scientific name .. . .
this inventory is not available
CEREALS & Aubergine o Abelmoschus esculentus (L.) Moencl 4
LEGUMINOUS CROPS Bamb: dnut Alli (L .
e Bhckere pea e L => AEZs cannot be localized
ROOT/TUBER CROPS Cabbage, common Brassica oleracea L. var. capitata
VEGETABLES Carrot Capsicum annuum L.
Cassava Citrullus lanatus (Thunb.) Matsum. 2
Cauliflower m Cucumis sativus L.
(;ocoyam E)aucus carota L.

Why using survey data? Challenges / pitfalls How using survey data? Combination with other data 13
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Survey data can only be mapped with consistent administrative unit boundaries

Global Administrative Areas Various sources of
Boundaries without limits

administrative units available,
but often inconsistent (due to

varying precision in mapping,
GADM is a spatial database of the location of the world's administrative areas (or adminstrative boundaries) for .
use in GIS and similar software. Administrative areas in this database are countries and lower level d I ffe re n t re fe re n C e ye a rs,

subdivisions such as provinces, departments, bibhag, bundeslander, daerah istimewa, fivondronana, krong,

landsvadun, opétina, sous-préfectures, counties, and thana. GADM describes where these administrative areas d 1 ff I 1 ﬁ f
oo, ’ ’ v ITTerent classifiers or names o

are (the "spatial features"), and for each area it provides some attributes, such as the name and variant names.

’— . . . .
The current version is 2.7 (August 2015). The next version will be released in October. a d m I n I St ra tl Ve u n I t S )

Download Known problems Contact

X

GADM database of Global Administrative Areas

3 steps to Fast Maps
& Directions

1 lck 294,430 administrative units in

Start Download

GADM, version 2.8

No Sign up!
3. Get Free Directions
& Maps

Refers to recent administrative setting

@ mapsgalaxy”

The current version of GADM delimits 273,726 administrative areas.

The data are available as shapefile, ESRI geodatabase, RData, and Google Earth kmz format. Shapefiles can be

used for most mapping and "GIS" software. You can download a free program such as Q-GIS or DIVA-GIS. The For gIObal inve nto rles Often 60'80% Of the Workload
RData files can be used in R with the 'sp' package loaded. . . .. .. . . .
associated with fixing administrative unit boundaries!

You can download the data by country or for the whole whole world.

Why using survey data? Challenges / pitfalls How using survey data? Combination with other data 14
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The administrative setup of the nations is changing continuously!!!

Grafico 1 - Evolugdo do nimero de municipios no Brasil - 1872/2010

s 565 BRAZIL

1574

1363
1221 1302
1121

642

1872 1900 1911 1920 1933 1940 1950 1960 1970 1980 1991 2000 2010

Fontes: Directoria Geral de Estatistica, Recenseamento do Brazil 1872/1920 e Divisdo Administrativa do Brasil T8/1933;
e IBGE, Censo Demografico 1940/2010.
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Administrative unit boundaries
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The administrative setup of the nations is changing continuously
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Why using survey data?

35 states, 640 districts
Challenges / pitfalls

Combination with other data

How using survey data?
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Recommendations on how to compile
global / continental data bases based
on survey data

Challenges / pitfalls oW usin Combination with other data 17




How using survey data?
Large extent + high resolution

2 Downscaling
aquastat data with
adjusted national

survey data to

achieve higher National survey data

[@aquastat

resolution - Water census
- Agricultural census

3D li
ownscaling - Farm structure surveys,

national survey

data with - Statistical yearbooks

subnational survey
data to achieve
higher resolution

y —
y—7 y
N
Crop Science Bonn u n Ive rS Itatbon n

1 Reconciling
national data with
FAO aquastat data,
adjusting national

survey data to

match FAO

aquastat

Subnational survey data
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How using survey data?
Large extent + high resolution

Food and Agriculture

Organization of the AQUASTAT ©2 Submit | o Help| i) English

United Nations

SELECT VARIABLES SELECT COUNTRIES

I=H[_| warter use ~ [] All Countries -
[] water withdrawal by sector [] Afghanistan 3
=[] Water withdrawal by source [] Albania

[7] Fresh surface water withdrawal (primary and secondary) & [] Algeria
[7] Fresh groundwater withdrawal (primary and secondary) & [] Andorra
[7] Total freshwater withdrawal (primary and secondary) ¢} [] Angola

[7] Desalinated water produced 4

[7] Direct use of treated municipal wastewater ¢}

[7] Direct use of agricultural drainage water ¢}
|| Wastewater

— [7] Antigua and Barbuda
[] Argentina
[] Armenia

c [ ] Australia
|| Pressure on water resources 1 [ ] Austria
=[] Irrigation and drainage development [7] Azerbaijan
[7] Area under agricultural water management [] Bahamas
[7] Area equipped for irrigation by source of water [] Bahrain
[7] Power irrigated area [7] Bangladesh
[7] Irrigated crop area and cropping intensity [7] Barbados
[7] Drainage - [7] Belarus v
- v o D N Deselect All Deselect All

Search by Region =

SELECT PERIOD

| 1060 | 1965 1975 | 1080 | 1985 | 1900 | 1995 |

1958-1962| 1963-1967 | 1968-1972| 1973-1977 | 1978-1982 | 1983-1587 | 1988-1552 | 1993-1997 | 1558-2002 | 2003-2007 | 2008-2012 | 2013-2017

METADATA OPTIONS

Category

--None -- -

0 0

[[] Latest values only [¥]Value Years

Reference Area
Reference period -

OPTIONS

Axes X: Year - Y: Varizbe « Show Data Symbols [[] Suppress empty rows/columns Show Codes »

# National statistics selected and adjusted to match FAO terminology => consistent

Why using survey data? Challenges / pitfalls How using survey data? Combination with other data 19



How using survey data?
Large extent + high resolution

Food and Agriculture
Organization of the
United Nations

AQUASTAT

Crop Science Bonn u n i Ve rS i ta t bo n n

Area under agricultural water management

Area equipped for irrigation

| ]

( Area with other forms of agricultural water management }

Area equipped for

Surface
irrigation

Sprinkler
irrigation

|

Localized
irrigation

I I
Equipped Spate
full control irrigation [VENTIS irrigation

S

L inland valley bottoms

4 .
a Equipped
. flood recession J

{  Other l

|

([ Equipped wetlands andJ Non-equipped cultivated wetlands

and inland valley bottoms

Non-equipped

flood recession

National statistics selected and adjusted to match FAO terminology => consistent
Example: FAO classification of irrigated areas => e.g. rainfed wetland rice and water
harvesting not included in area equipped for irrigation

Why using survey data? Challenges / pitfalls How using survey data?

Combination with other data
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Replacing FAO aquastat country data with consistent subnational data
1) Translating terms and definitions

2) Fixing inconsistencies

3) Incorporation of subnational data

Example: translating terms and definitions between FAO aquastat and Eurostat

FAO aquastat Eurostat

Area equipped for irrigation - > Areairrigable

Area actually irrigated - ™ Areairrigated at least once in a year
Irrigation with groundwater - » |rrigation with on-farm groundwater
Irrigation with surface water - » Irrigation with on-farm surface water +

Irrigation with off-farm surface water
Irrigation with water from mixed sources <«— [rrigation with off-farm water from water

supply networks +
Irrigation with water from other sources

Why using survey data? Challenges / pitfalls How using survey data? Combination with other data 21




W s/ .
- 4 .
Crop Science Bonn u n lve rS Itatbon n

Downscaling to pixel level by data
fusion of survey based inventories and
other spatial data

Challenges / pitfalls oW usin Combination with other data 22




Combination with other data _5

From district to pixel level Gro Saence o~ UNIVET S|tatbonn

O

Percent irrigated Percent irrigated

< 0.1 < 041

01- 1 01- 1

0 - s I PR
’ '_]5 - 10 ’ '_]5 - 10
I 0- 20 g B o- 20
B 20 - 35 - B 20 - 35

B 35 - 50 Fru g B 35 - 50
|50 - 75 2507, [ |s0- 75

-75 100 :A I 75 - 100

* Combination with other spatial data derived by remote sensing (=> next talk)
or mapped at the ground

* Different approaches are being used (rule based, Bayesian ...)

* Depending on the intended use of the data, consistency to different input data can
be maximized (to survey data, to remote sensing classifiers, to both)

Thanks for your attention!!!
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