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Supplementary Information

Modelling the transition to quantifiable uncertainty

The Uncertainty Assessment Framework (UAF) has been devised to evaluate in a largely
qualitative way very large uncertainties, of the kind associated with global environmental
change phenomena, However, it is possible to trace continuity and consistency between the
UAF and existing methods for characterizing environmental uncertainties, by using the UAF
to model how uncertainties should ideally decline over time as knowledge accumulates,
eventually reaching a level where they can be evaluated using standard quantitative methods.

Focusing on present uncertainty, let the ultimate gap between complete knowledge (K¢) and
present knowledge (K:) be divided into three of Wynne's kinds of uncertainty: (a) uncertainty
proper, which can be reduced; (b) indeterminacy, which cannot; and (c) ignorance, which can
only be partly reduced [26]. Since Wynne himself described his kinds of uncertainty as
"overlaid", not compartmentalized, let us further assume that only as K approaches K. might
the boundaries between uncertainty, ignorance and indeterminacy become as clearly defined
as they are in Supplementary Figure S1. If at some arbitrary limiting knowledge (Ki) the
difference between K¢ and Ki is reasonably approximated by the sum of limiting uncertainty
(Ui), irreducible ignorance (Ii), and indeterminacy (D), then equation (1) in the main text
becomes:

Ke=Ki+U+L+D (1)

Addressing conceptualization uncertainty at time t (Uct) first, proxies uncertainty (Ucprt in
equation (4) in the main text) should disappear as theories mature and direct measurement
improves, so that proxies are no longer needed. As Kt approaches Ki, Uet should decline to a
limiting value Ucl. Most of Ucl, comprising the sum of Uctet and Ucuspl, can then be described by
the ultimate inability to "know what we don't know" [26], i.e. irreducible ignorance (I1). Taking
a middle way between the interpretations of indeterminacy by Wynne [26] and Eddington [27]
(see Section 2.1), the other part of Uql, 1.e. Ucust, could contribute to indeterminacy (Dc) to
allow for synergies between conceptualization and measurement. So conceptualization
uncertainty could move to a limit of:

Ua =11+ D¢ (i1)



Concerning measurement uncertainty, subjective estimates (Umsu in equation (5) in the main
text) should disappear first as scientists assert their autonomy to measure the planet directly.
As Kt approaches Ki scalar deficiencies uncertainty (Umsc) could move toward a limiting value,
Unmscl, which reflects science's ultimate inability to devise technologies and institutions for
global measurement and estimation, and this should account for most indeterminacy (Dm).
Random errors (Umr) should decline to a limiting value of Umrl. Systematic errors (Umsy) should
also decline to a limiting value of Umsyl, because sampling designs will improve and wall-to-
wall measurement will increase; the use of inappropriate technologies will become inconsistent
with evolving disciplinary institutions; and constraints on measurement from political
institutions will also decline. So measurement uncertainty could move to a limit of:

Umi = Umrl + Umsyl + Dm (ii1)
Substituting these limiting values for K¢, Uct and Umt in equation (1) :

Ke=Ki+ (It + Dc ) + (Umrl + Umsyt + Dm) = Ki + (Umrl + Umsy) + 1 + D (iv)
where D = D¢ + Dm.

Comparing equations (i) and (iv) indicates three things about the UAF. First, it is consistent
with Wynne's [26] taxonomy of kinds of uncertainty. Second, it displays continuity with
existing quantitative methods for uncertainty assessment. Third, the use of quantitative
methods becomes more appropriate as limiting knowledge is approached, for by then the
limiting uncertainty (U1) in equation (i) will be the sum of uncertainties due to random errors
(Umrl) and systematic errors (Umsyl). Remaining uncertainty will comprise irreducible ignorance
and indeterminacy.



Supplementary Figure S1. The gap between complete knowledge and present knowledge at
limiting uncertainty, based on Wynne [26].
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Supplementary Table S1. Dominant topic areas of 96 papers in International Journal of
Remote Sensing Volume 30, Issues 17-18 and 21-24 in 2009.

Topic Number of papers Percent Scalar notes
Classification 33 34

Mapping 28 29 Global =1
Modelling 17 18

Radiance and reflectance studies 6 6 Regional =1
Sensor evaluation 6 6

Pre-processing applications 4 4

Validation 2 2

Total 96 100



References for Supplementary Table S1
Classification

Bawazir A. S., Samani Z., Bleiweiss M. et al., 2009. Using ASTER satellite data to calculate riparian
evapotranspiration in the Middle Rio Grande, New Mexico. International Journal of Remote Sensing
30, 5593-5603.

Bazi Y., Melgani F., Bruzzone L. and Vernazza G., 2009. A genetic expectation-maximization method
for unsupervised change detection in multitemporal SAR imagery. International Journal of Remote
Sensing 30, 6591-6610.

Berberoglu S., Satir O. and P. M. Atkinson, 2009. Mapping percentage tree cover from Envisat MERIS
data using linear and nonlinear techniques. International Journal of Remote Sensing 30, 4747-4766.
Calle A., Casanova J.L. and Gonzalez-Alonso F., 2009. Impact of point spread function of MSG-
SEVIRI on active fire detection. International Journal of Remote Sensing 30, 4567-4579.

Canisius F., K. Honda and M. Tokunaga, 2009. Updating geomorphic features of watersheds and their
boundaries in hazardous areas using satellite synthetic aperture radar. International Journal of Remote
Sensing 30, 5919-5933.

Cao G.,HouP., Jin Y.Q. and Mao X., 2009. Fusion of features in multi-temporal SAR imagery to detect
changes in urban areas. International Journal of Remote Sensing 30, 5989-6001.

Carlotto M.J., 2009. Effect of errors in ground truth on classification accuracy. International Journal of
Remote Sensing 30, 4831-4849,

Chen F. and Tang J., 2009. Using spectral-shape parameters to improve linear spectral mixture analysis.
International Journal of Remote Sensing 30, 6061-6067.

Da Silva P.R. and Ducati J.R., 2009. Spectral features of vineyards in south Brazil from ASTER
imaging. International Journal of Remote Sensing 30, 6085-6098.

Darvishzadeh R., Atzberger C., Skidmore A.K. and Abkar A.A., 2009. Leaf Area Index derivation from
hyperspectral vegetation indices and the red edge position. International Journal of Remote Sensing 30,
6199-6218

De Laet V., Paulissen E., Meuleman K. and Waelkens M., 2009. Effects of image characteristics on
the identification and extraction of archaeological features from Ikonos-2 and Quickbird-2 imagery:
case study Sagalassos (southwest Turkey). International Journal of Remote Sensing 30, 5655-5668.
Dong P., 2009. Characterization of individual tree crowns using three-dimensional shape signatures
derived from LiDAR data. International Journal of Remote Sensing 30, 6621-6628

Dong Y., Fu B. and Ninomiya Y., 2009. Geomorphological changes associated with underground coal
mining in the Fushun area, northeast China revealed by multitemporal satellite remote sensing data.
International Journal of Remote Sensing 30, 4767-4784.

Eckmann T.C., Roberts D.A. and Still C.J., 2009. Estimating subpixel fire sizes and temperatures from
ASTER using multiple endmember spectral mixture analysis. International Journal of Remote Sensing
30, 5851-5864.

Guerrero-Curieses A., Alaiz-Rodriguez R. and Cid-Sueiro J., 2009. Cost-sensitive and modular land-
cover classification based on posterior probability estimates. International Journal of Remote Sensing
30, 5877-5899.

Irisarri J.G.N., Oesterheld M., Veron S.R. and Paruelo J.M., 2009. Grass species differentiation through
canopy hyperspectral reflectance. International Journal of Remote Sensing 30, 5959-5975.

Kumari B., Raman M. and Mali K., 2009. Locating tuna forage ground through satellite remote sensing.
International Journal of Remote Sensing 30, 5977-5988.

Kao H-M., Ren H., Lee C.S., Chang C.P., et al., 2009. Determination of shallow water depth using
optical satellite images. International Journal of Remote Sensing 30, 6241-6260.

Lucieer A. and Veen L., 2009. Interactive exploration of uncertainty in fuzzy classifications by
isosurface visualization of class clusters. International Journal of Remote Sensing 30, 4685-4705.
Mishra V.D., Negi H.S., Rawat A K. et al., 2009. Retrieval of sub-pixel snow cover information in the
Himalayan region using medium and coarse resolution remote sensing data. International Journal of
Remote Sensing 30, 4707-4731.



Mitchell J. J. and Glenn N.F., 2009. Subpixel abundance estimates in mixture-tuned matched filtering
classifications of leafy spurge (Euphorbia esula L.). International Journal of Remote Sensing 30, 6099-
6119.

Motohka T., Nasahara K.N., Miyata A. et al., 2009. Evaluation of optical satellite remote sensing for
rice paddy phenology in monsoon Asia using a continuous in situ dataset. International Journal of
Remote Sensing 30, 4343-4357.

Park N.W., Jang D.H. and Chi K.H., 2009. Integration of IKONOS imagery for geostatistical mapping
of sediment grain size at Baramarae beach, Korea. International Journal of Remote Sensing 30, 5703-
5724.

Petropavlovskikh I., Evans R., McConville G. et al., 2009. Effect of the out-of-band stray light on the
retrieval of the Umkehr Dobson ozone profiles. International Journal of Remote Sensing 30, 6461-6482.
Qiao W., Rong J. and Zhong X., 2009. An adaptive neural-fuzzy-based multi-sensor data fusion
architecture for target tracking systems. International Journal of Remote Sensing 30, 4897-4904.
Simonin D., Tatnall A.R. and Robinson L.S., 2009. The automated detection and recognition of internal
waves. International Journal of Remote Sensing 30, 4581-4598.

Wang G., Gertner G. and Anderson A.B., 2009. Efficiencies of remotely sensed data and sensitivity of
grid spacing in sampling and mapping a soil erosion relevant cover factor by cokriging. International
Journal of Remote Sensing 30, 4457-4477. (+Erosion).

Weizman L. and Goldberger J., 2009. Classification of hyperspectral remote-sensing images using
discriminative linear projections. International Journal of Remote Sensing 30, 5605-5617.

Weng Q., Hu X. and Liu H., 2009. Estimating impervious surfaces using linear spectral mixture
analysis with multitemporal ASTER images. International Journal of Remote Sensing 30, 4807-4830.
Yan H., Zhang J., Hou Y. and He Y., 2009. Estimation of air temperature from MODIS data in east
China. International Journal of Remote Sensing 30, 6261-6275.

Yoo H.Y., Lee K. and Kwon B.D., 2009. Quantitative indices based on 3D discrete wavelet transform
for urban complexity estimation using remotely sensed imagery. International Journal of Remote
Sensing 30, 6219-6239.

Yuhaniz S.S. and Vladimirova T., 2009. An onboard automatic change detection system for disaster
monitoring. International Journal of Remote Sensing 30, 6121-6139.

Zhou W. and Troy A., 2009. Development of an object-based framework for classifying and
inventorying human-dominated forest ecosystems. International Journal of Remote Sensing 30, 6343-
6360.

Mapping

Adamo M., De Carolis G., De Pasquale V. and Pasquariello G., 2009. Detection and tracking of oil
slicks on sun-glittered visible and near infrared satellite imagery. International Journal of Remote
Sensing 30, 6403-6427.

Babu K.N. and Shukla A K., 2009. Evaluation of the Lakshadweep Sea as a site for vicarious calibration
of the Ocean Colour Monitor. International Journal of Remote Sensing 30, 6317-6327.

Bhatta B., 2009. Analysis of urban growth pattern using remote sensing and GIS: a case study of
Kolkata, India. International Journal of Remote Sensing 30, 4733-4746.

Boschetti M., Stroppiana D., Brivio P.A. and Bocchi S., 2009. Multi-year monitoring of rice crop
phenology through time series analysis of MODIS images. International Journal of Remote Sensing 30,
4643-4662.

Chen J., Gu S., Shen M. et al., 2009. Estimating aboveground biomass of grassland having a high
canopy cover: an exploratory analysis of in situ hyperspectral data. International Journal of Remote
Sensing 30, 6497-6517.

Evgenieva T.T., Kolev N.L, Iliev L.T. et al., 2009. Lidar and spectroradiometer measurements of
atmospheric aerosol optical characteristics over an urban area in Sofia, Bulgaria. International Journal
of Remote Sensing 30, 6381-6401.

Filella 1., Porcar-Castell A., Munné-Bosch S. et al., 2009. PRI assessment of long-term changes in
carotenoids/chlorophyll ratio and short-term changes in de-epoxidation state of the xanthophyll cycle.
International Journal of Remote Sensing 30, 4443-4455.



Hicke J.A. and Logan J., 2009. Mapping whitebark pine mortality caused by a mountain pine beetle
outbreak with high spatial resolution satellite imagery. International Journal of Remote Sensing 30,
4427-4441.

Jin X., Wan L., Zhang Y .K. et al., 2009. Quantification of spatial distribution of vegetation in the Qilian
Mountain area with MODIS NDVI. International Journal of Remote Sensing 30, 5751-5766.

Kavak K.S., Tatar O., Piper J. et al., 2009. Determination of neotectonic features of the Karasu Basin
(SE Turkey) and their relationship with Quaternary volcanic activity using Landsat ETM+ imagery.
International Journal of Remote Sensing 30, 4507-4524.

Kutser T., 2009. Passive optical remote sensing of cyanobacteria and other intense phytoplankton
blooms in coastal and inland waters. International Journal of Remote Sensing 30, 4401-4425.
Kokhanovsky A.A., von Hoyningen-Huene W. and Burrows J.P., 2009. Determination of the cloud
fraction in the SCIAMACHY ground scene using MERIS spectral measurements. International Journal
of Remote Sensing 30, 6151-6167.

Kutser T., Paavel B., Metsamaa L. and Vahtmée E., 2009. Mapping coloured dissolved organic matter
concentration in coastal waters. International Journal of Remote Sensing 30, 5843-5849.

Lakshmi V., Parekh A. and Sarkar A., 2009. Bimodal variation of SST and related physical processes
over the North Indian Ocean: special emphasis on satellite observations. International Journal of
Remote Sensing 30, 5865-5876.

Lee Y.G., Kim J., Cho H.K. and Song C.H., 2009. Regional forecast of the UV index with optimized
total ozone prediction using satellite observations over East Asia. International Journal of Remote
Sensing 30, 6035-6051.

Li M., Huang C., Zhu Z. et al., 2009. Use of remote sensing coupled with a vegetation change tracker
model to assess rates of forest change and fragmentation in Mississippi, USA. International Journal of
Remote Sensing 30, 6559-6574.

Ning L., Xie F., Gu W. et al., 2009. Using remote sensing to estimate sea ice thickness in the Bohai
Sea, China based on ice type. International Journal of Remote Sensing 30, 4539-4552.

Nirala M., 2009. Derivation of pan-Arctic soil decomposition rate constant, heterotrophic respiration
and NEE using AMSR-E and MODIS data. International Journal of Remote Sensing 30, 5793-5820.
Potere D., Schneider A., Angel S. and Civco D.L., 2009. Mapping urban areas on a global scale: which
of the eight maps now available is more accurate? International Journal of Remote Sensing 30, 6531-
6558. (+Global).

Poulter P. and Cramer W., 2009. Satellite remote sensing of tropical forest canopies and their seasonal
dynamics. International Journal of Remote Sensing 30, 6575-6590.

Ramli M.F., Tripathi N.K., Yusof N. et al., 2009. Lineament mapping in a tropical environment using
Landsat imagery. International Journal of Remote Sensing 30, 6277-6300.

Tagesson T., Eklundh L. and Lindroth A., 2009. Applicability of leaf area index products for boreal
regions of Sweden. International Journal of Remote Sensing 30, 5619-5632.

Tang D., Zhao H. , Satyanarayana B. et al., 2009. Variations of chlorophyll-a in the northeastern Indian
Ocean after the 2004 South Asian tsunami. International Journal of Remote Sensing 30, 4553-4565.
Tzanis C., 2009. Total ozone observations at Athens, Greece by satellite-borne and ground-based
instrumentation. International Journal of Remote Sensing 30, 6023-6033.

Wang S., Ding C. and Liu J., 2009. Landscape evolution in the Yellow River Basin using satellite
remote sensing and GIS during the past decade. International Journal of Remote Sensing 30, 5573-
5591.

Westra T. and De Wulf R.R., 2009. Modelling yearly flooding extent of the Waza-Logone floodplain
in northern Cameroon based on MODIS and rainfall data. International Journal of Remote Sensing 30,
5527-5548.

Zeng B. and Yang T.B., 2009. Natural vegetation responses to warming climates in Qaidam Basin
1982-2003. International Journal of Remote Sensing 30, 5685-5701.

Zhang Y., Wang C., Wu J. et al., 2009. Mapping paddy rice with multitemporal ALOS/PALSAR
imagery in southeast China. International Journal of Remote Sensing 30, 6301-6315.

Modelling



Aksoy B., Incecik S., Topcu S. et al., 2009. Total ozone over Ankara and its forecasting using regression
models. International Journal of Remote Sensing 30, 4387-4400.

Butt M.J., 2009. A comparative study of Chang and HUT models for UK snow depth retrieval.
International Journal of Remote Sensing 30, 6361-6379.

Chandran R.V., Jeyaram A., Jayaraman V. et al., 2009.Prioritization of satellite-derived potential
fishery grounds: an analytical hierarchical approach-based model using spatial and non-spatial data.
International Journal of Remote Sensing 30, 4479-4491.

Galdies C. and Donoghue D.N.M., 2009. A first attempt at assimilating microwave-derived SST to
improve the predictive capability of a coupled, high-resolution Eta-POM forecasting system.
International Journal of Remote Sensing 30, 6169-6197.

Kramarova N. A. and Kuznetsov G.I., 2009. An investigation of long-term variability of ozone 3-
dimensional fields in the tropics connected with the 11-year solar cycle and peculiarities of the general
atmospheric circulation. International Journal of Remote Sensing 30, 6483-6496.

Melnikova 1., 2009. Comparative assessment of the impact of molecular scattering and total ozone
content on the characteristics of UV radiation in the atmosphere. International Journal of Remote
Sensing 30, 6141-6150.

Rakesh V., Singh R., Yuliya D., Pal P. K. and Joshi P. C., 2009. Impact of variational assimilation of
MODIS thermodynamic profiles in the simulation of western disturbance. International Journal of
Remote Sensing 30, 4867-4887.

Sadly M., Hendiarti N., Sachoemar S. I. and Faisal Y., 2009. Fishing ground prediction using a
knowledge-based expert system geographical information system model in the South and Central
Sulawesi coastal waters of Indonesia. International Journal of Remote Sensing 30, 6429-6440

Shi W., Zheng S. and Tian Y., 2009. Adaptive mapped least squares SVM-based smooth fitting method
for DSM generation of LIDAR data. International Journal of Remote Sensing 30, 5669-5683

Sonobe R. and Tani H., 2009. Application of the Sahebi model using ALOS/PALSAR and 66.3 cm
long surface profile data. International Journal of Remote Sensing 30, 6069-6074

Tzanis C., 2009. On the relationship between total ozone and temperature in the troposphere and the
lower stratosphere. International Journal of Remote Sensing 30, 6075-6084

Van de Voorde T., De Roeck T. and Canters F., 2009. A comparison of two spectral mixture modelling
approaches for impervious surface mapping in urban areas. International Journal of Remote Sensing
30, 4785-4806.

Wang Y., Wang F., Huang J., Wang X. and Liu Z., 2009. Validation of artificial neural network
techniques in the estimation of nitrogen concentration in rape using canopy hyperspectral reflectance
data. International Journal of Remote Sensing 30, 4493-4505

Yang G., Liu Q., Liu Q. et al., 2009. Simulation of high-resolution mid-infrared (3—5 pm) images using
an atmosphere radiative transfer analytic model. International Journal of Remote Sensing 30, 6003-
6022

Yu B., Liu H.,, Wu J. and Lin W.M., 2009. Investigating impacts of urban morphology on spatio-
temporal variations of solar radiation with airborne LIDAR data and a solar flux model: a case study of
downtown Houston. International Journal of Remote Sensing 30, 4359-4385

Yu D., Shi P., Shao H. et al., 2009.Modelling net primary productivity of terrestrial ecosystems in East
Asia based on an improved CASA ecosystem model. International Journal of Remote Sensing 30, 4851-
4866

Zhang L., Zou B., Zhang J. and Zhang Y., 2009. An extended multiple-component scattering model
for PoISAR images. International Journal of Remote Sensing 30, 5515-5525

Pre-processing applications

Aznay O. and Santer R., 2009. MERIS atmospheric correction over coastal waters: validation of the
MERIS aerosol models using AERONET. International Journal of Remote Sensing 30, 4663-4684.



Chen G. and Qian S.E., 2009. Denoising and dimensionality reduction of hyperspectral imagery using
wavelet packets, neighbour shrinking and principal component analysis. International Journal of
Remote Sensing 30, 4889-4895.

Kokhanovsky A.A., Curier R. L., De Leeuw G. et al., 2009. The inter-comparison of AATSR dual-view
aerosol optical thickness retrievals with results from various algorithms and instruments. International
Journal of Remote Sensing 30, 4525-4537.

Snels M., Cairo F., Colao F. and Di Donfrancesco G., 2009. Calibration method for depolarization lidar
measurements. International Journal of Remote Sensing 30, 5725-5736.

Radiance and reflectance studies

Aas E., Hgjerslev N. K. and Hekedal J., 2009. Conversion of sub-surface reflectances to above-surface
MERIS reflectance. International Journal of Remote Sensing 30, 5767-5791.

Diirr B. and Zelenka A., 2009. Deriving surface global irradiance over the Alpine region from
METEOSAT Second Generation data by supplementing the HELIOSAT method. International Journal
of Remote Sensing 30, 5821-5841.

Ineichen P., Sofia Barroso C., Geiger B. et al., 2009. Satellite Application Facilities irradiance products:
hourly time step comparison and validation over Europe. International Journal of Remote Sensing 30,
5549-5571. (+Regional).

Mahtab A., Sridhar V. N. and Navalgund R. R., 2009. An assessment of angular variations of red and
NIR reflectances in multi-date IRS-1D Wide Field Sensor data. International Journal of Remote Sensing
30, 4599-4619.

Meena G.S., Londhe A.L., Bhosale C.S. and Jadhav D.B., 2009. Remote sensing ‘ground-based
automatic UV / visible spectrometer’ for the study of atmospheric trace gases. International Journal of
Remote Sensing 30, 5633-5653.

Ye X., Sakai K., Sasao A. and Asada S., 2009. Estimation of citrus yield from canopy spectral features
determined by airborne hyperspectral imagery. International Journal of Remote Sensing 30, 4621-4642.

Sensor evaluation

Camargo F.F., Florenzano T. G., de Almeida C. M. and de Oliveira C. G., 2009. Geomorphological
mapping using object-based analysis and ASTER DEM in the Paraiba do Sul Valley, Brazil.
International Journal of Remote Sensing 30, 6613-6620.

Kwiatkowska E. J. and McClain C. R., 2009. Evaluation of SeaWiFS, MODIS Terra and MODIS Aqua
coverage for studies of phytoplankton diurnal variability. International Journal of Remote Sensing 30,
6441-6459.

Lira J., 2009. A method to derive texture-relief from ASTER bands 3N and 3B. International Journal
of Remote Sensing 30, 6329-6341.

Li B., Yuan H. Feng N. and Tao S., 2009. Comparing MODIS and AERONET aerosol optical depth
over China. International Journal of Remote Sensing 30, 6519-6529.

Minghelli-Roman A., Goreac A. Mathieu S. et al., 2009. Comparison of bathymetric estimation using
different satellite images in coastal sea waters. International Journal of Remote Sensing 30, 5737-5750
Wu A., Xiong X. and Cao C., 2009. Tracking the calibration stability and consistency of the 3.7, 11.0
and 12.0 pm channels of the NOAA-KLM AVHRR with MODIS. International Journal of Remote
Sensing 30, 5901-5917.

Validation
Choi Y.S. and Ho C.H., 2009. Validation of cloud property retrievals from MTSAT-1R imagery using
MODIS observations. International Journal of Remote Sensing 30, 5935-5958.

Eckert S., 2009. Validation of aircraft height extraction from Worldview-1 stereo data. International
Journal of Remote Sensing 30, 6053-6060.

10



Supplementary Table S2. A taxonomy of sources of environmental uncertainty proposed by
Regan et al. (2002) [13].

Linguistic

L1. Vagueness - use of terms or statements in natural and scientific language allows
borderline cases

L2. Context dependence - failing to clearly specify the context in which a proposition is
understood

L3. Ambiguity - the same term has different meanings for different scientists

L4. Underspecificity - statements lack detail, often because of poor data

L5. Indeterminacy - theoretical terms used without accepted definitions, future ambiguity
possible

Epistemic

El. Measurement error - limitations of equipment or human error

E2. Systematic error - bias in equipment or sampling design

E3. Natural variation - unpredictable spatial and/or temporal variation

E4. Inherent randomness - unpredictable because relationships are hard to specify

E5. Model uncertainty - limitations of models due to a restricted set of variables

E6. Subjective judgment in interpreting data in data poor situations
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Supplementary Table S3. A taxonomy of sources of environmental uncertainty proposed by
Van Asselt and Rotmans (2002) [17].

Variability

V1. Inherent randomness - non-linear, chaotic and unpredictable natural processes

V2. Value diversity - differences in people's mental maps, world views and norms

V3. Human behaviour which deviates from rational standards

V4. Societal dynamics - non-linear, chaotic and unpredictable societal processes

V5. Technological surprises - unexpected consequences of technology

Limited Knowledge

K1. Inexactness - lack of precision, inaccuracy

K2. Lack of observations/measurements - lack of data that could have been collected

K3. Practically immeasurable - data shortages result from impracticality of measurements
K4. Conflicting evidence - available data allow conflicting interpretations

K5. Reducible ignorance - data shortages could end if processes are observed and theorized
K6. Indeterminacy - processes can never be fully predicted or determined

K7. TIrreducible ignorance - processes can never be unambiguously determined
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Supplementary Table S4. Key features of 50 papers published in the journal Land
Degradation and Development between 2006 and 2010 (Volumes 17-21) that assessed dryland
degradation (for detailed sources see Supplementary Table S5).

Number of papers
Words included in the title:
Desertification
Degradation
Erosion/erodibility
Soil loss
Gully
Salinity
Climate/precipitation
None of these
Total

—_—
(e i R SN N B \O Y )

DN —

The word 'desertification' included in the text:

Yes 18
No 32
Total 50

Remote sensing methods used in the paper:

Low resolution satellite images

Medium resolution satellite images

Aerial photographs

Aerial photographs + medium resolution satellite images
Total 1

DN N W L W
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Supplementary Table S5. Mapping, modelling and linguistic preferences in a sample of 50 papers in Land Degradation and Development between
2006 and 2010 on assessing land degradation. This shows the use of remote sensing and the resolution of satellite sensors (low or medium);
collection of data by sampling; key words in the titles of papers; reference to ‘desertification’ in the text of papers; and the modelling of land
degradation risk. For full references see Supplementary Table S9.

Author Date Discipline Remote Sensor Sampling Title words Desert- Risk
sensing type ification  model
Anley et al. 2007 Agronomy no - yes degradation - -
Bou Kheir 2008 Remote sensing yes medium no erosion - yes
Brunner et al. 2008 Geography no - yes erosion - yes
Butt 2010 Environmental management yes medium yes - - -
Castrignano et al. 2008 Agronomy no - yes erodibility - yes
Constantini et al. 2009 Soil science no - yes desertification  yes yes
De Luis et al. 2010 Geography no - yes precipitation yes yes
De Oro and Buschiazzo 2009 Agronomy no - yes erosion - -
Dragovich and Dominis 2008 Geography yes aerial photo yes salinity - -
Enfors and Gordon 2007 Ecology yes medium no - - -
Feng et al. 2009 Remote sensing yes medium - degradation yes -
Gutierrez et al. 2009 Geography yes aerial photo yes gully erosion - -
Hein 2007 Environmental management no - yes degradation - -
Homann et al. 2008 Agronomy no - yes - - -
Huading et al. 2007 Geography yes low no erosion yes yes
Keay-Bright and Boardman 2007 Environmental management no - yes erosion yes -
Khan and Hanjra 2008 Agronomy no - yes - - yes
Kiunsi and Meadows 2006 Environmental science yes aerial photo no degradation yes -
+ medium

Klintenberg and Verlinden 2008 Geography no - yes - - -
Lietal. 2007 Environmental science yes aerial photo no desertification  yes -
Lietal. 2009 Remote sensing yes medium - degradation yes -
Lopez-Vicente and Navas 2010 Soil science no - yes erosion - -
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Supplementary Table S5 (Contd....)

Mairura et al.
Marques et al.
Martinez Raya et al.
Milgroom et al.
Moges and Holden
Moges and Holden
Muleta et al.
Navarro-Pedreno
Nyssen et al.
Oba et al.
Okayasu et al.
Okayasu et al.
Okoba et al.
Omuto and Vargas
Ramos and Martinez-
Casanovas
Reed et al.
Robertson et al.
Romero-Diaz et al.
Seeger and Ries
Stringer and Reed
Stringer et al
Sugimori et al.
Tenge et al.
Verlinden and Kruger
Visser and Sterk
Wei et al.
West et al.
Zhang et al.

2008
2010
2006
2007
2007
2008
2006
2007
2008
2008
2007
2010
2007
2009
2010

2007
2009
2010
2008
2007
2007
2008
2007
2007
2007
2009
2008
2007

Agronomy

Agronomy

Agronomy

Agronomy

Agronomy

Agronomy
Environmental science
Agronomy

Soil science
Environmental management
Environmental science
Environmental science
Agronomy

Soil science
Environmental science

Environmental management
Agronomy

Geography

Geography

Environmental management
Environmental management
Agronomy

Agronomy

Agronomy

Soil science

Environmental management
Geography

Environmental science

no
no
no
no
no
yes
yes
no
no
no
yes
no
no
yes
no

no
no
no
no
no
no
no
no
yes
no
no
no
no
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aerial photo
aerial photo

medium

aerial photo

yes
yes
no

yes
yes
yes

yes
yes

yes
no

no
yes
yes
yes

no
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
no

erosion
erosion
erosion
erosion
gully

erosion
salinity

degradation
erosion
soil loss
erosion

degradation
salinity
erosion
degradation
degradation
degradation
salinity

erosion
degradation
climate
degradation



Supplementary Table S6. Six sets of indicators used to specify desertification (*=a

proxy indicator).

Dregne [2,75]

Vegetation degradation
Water erosion

Wind erosion

Irrigated crop yields*

Dregne [1]

Vegetation degradation
Soil erosion
Irrigated crop yields*

Mabbutt [56]
Livestock yields*

Rainfed crop yields*
Irrigated crop yields*

Middleton & Thomas [3]

Agricultural suitability of land*
Agricultural productivity*

Quality of terrain*

Intactness of biotic functions

+ Ease of restoration*®
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LADA [77]

Aridity index
Rainfall variability
Soil moisture

Soil health

Soil loss

Soil salinity

Soil fertility
Vegetation activity
Water availability
Groundwater level
Water salinity

LADA [57]

Vegetation productivity*



Supplementary Table S7. Sizes of "degrading area" in drylands by climatic zone in
the original study [68] on which the Land Degradation Assessment in Drylands
(LADA) “preliminary [global] map of land degradation” [57] is based.

Climatic zone Area (Mha)
Dry sub-humid zone 280
Semi-arid zone 316
Arid and Hyper-arid zones 175
All drylands 771
All lands in the world 3,506
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Supplementary Table S8. Scalar foci of a sample of 50 papers published in Land
Degradation and Development between 2006 and 2010 (Volumes 17-21) that assess
dryland degradation, showing percentages of papers by: the actual scale they use for
conceptualization, the ideal scale for conceptualization, the scale at which they
collected data, and the scale at which they produce information (for detailed sources
see Supplementary Table S9).

Conceptualization Data Information

Ideal  Actual Collected Produced

Global - - - -
Regional - - - -
National 4 4 4 4
Regional 16 16 4 16
District 34 34 16 36
Catchment 26 26 6 26
Village 2 2 12 2
Farm 16 16 26 14
Household 0 0 2 0
Plot 2 2 30 2
Total 100 100 100 100

18



Supplementary Table S9. Scalar preferences in a sample of 50 papers in Land Degradation and Development between 2006 and 2010 on

assessing land degradation.
Author

Anley et al.

Bou Kheir

Brunner et al.

Butt

Castrignano et al.
Constantini et al.

De Luis et al.

De Oro and Buschiazzo
Dragovich and Dominis
Enfors and Gordon

Feng et al.

Gutierrez et al.

Hein

Homann et al.

Huading et al.
Keay-Bright and Boardman
Khan and Hanjra

Kiunsi and Meadows
Klintenberg and Verlinden
Lietal.

Lietal.

Lopez-Vicente and Navas
Mairura et al.

Marques et al.

Date

2007
2008
2008
2010
2008
2009
2010
2009
2008
2007
2009
2009
2007
2008
2007
2007
2008
2006
2008
2007
2009
2010
2008
2010

Discipline

Agronomy

Remote sensing

Geography

Environmental management
Agronomy

Soil science

Geography

Agronomy

Geography

Ecology

Remote sensing

Geography

Environmental management
Agronomy

Geography

Environmental management
Agronomy

Environmental science
Geography

Environmental science
Remote sensing

Soil science

Agronomy

Agronomy
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Conceptualization
Ideal Actual
farm farm
district district
catchment catchment
district district
district district
national national
region region
farm farm
district district
district district
district district
catchment catchment
catchment catchment
region region
region region
farm farm
region region
district district
district district
district district
catchment catchment
catchment catchment
district district
farm farm

Scale of
Information

farm
district
catchment
district
district
national
region
farm
district
district
district
catchment
catchment
region
region
district
region
district
district
district
catchment
catchment
district
farm

Scale of
Data

farm
district
catchment
village
plot
national
region
plot
plot
district
district
plot
farm
villages
region
farm
farm
district
site
district
catchment
plot
farm
plot



Supplementary Table S9 (Contd....)

Martinez Raya et al.
Milgroom et al.
Moges and Holden
Moges and Holden
Muleta et al.
Navarro-Pedreno
Nyssen et al.

Oba et al.

Okayasu et al.
Okayasu et al.
Okoba et al.

Omuto and Vargas
Ramos and Martinez-Casanovas
Reed et al.
Robertson et al.
Romero-Diaz et al.
Seeger and Ries
Stringer and Reed
Stringer et al
Sugimori et al.
Tenge et al.
Verlinden and Kruger
Visser and Sterk
Wei et al.

West et al.

Zhang et al.

2006
2007
2007
2008
2006
2007
2008
2008
2007
2010
2007
2009
2010
2007
2009
2010
2008
2007
2007
2008
2007
2007
2007
2009
2008
2007

Agronomy

Agronomy

Agronomy

Agronomy

Environmental science
Agronomy

Soil science

Environmental management
Environmental science
Environmental science
Agronomy

Soil science

Environmental science
Environmental management
Agronomy

Geography

Geography

Environmental management
Environmental management
Agronomy

Agronomy

Agronomy

Soil science

Environmental management
Geography

Environmental science
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plot

farm
catchment
catchment
catchment
region
catchment
district
district
district
catchment
district
farm
village
catchment
catchment
region
local
region
farm
catchment
region
village
farm
district
national

plot
catchment
catchment
catchment
catchment
region
catchment
district
district
district
catchment
district
farm
village
catchment
catchment
region
local
region
farm
catchment
region
village
farm
district
national

plot

farm
catchment
catchment
catchment
region
catchment
district
region
district
catchment
district
farm
village
catchment
catchment
region
district
region
farm
agronomy
region
village
farm
district
national

plot

farm

farm

farm
catchment
sites

plot
village
region
district
farm
district
plot
household
farm

plot

plot

local

farm

plot

farm
village
plot

farm
households
national
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