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Remotely Sensing Irrigation AG 
Remote sensing technology can assist with the planning and 
management of irrigated agricultural systems :

• Operational production of high-resolution irrigation maps to 
assess water use and productivity 

• Execution of performance diagnoses and impact assessments

• Strategic planning, ease operations, control water rights

High-Resolution, Inter-Temporal Mapping of 
Irrigated Areas with Google Earth Engine 

The annual irrigation maps can help local stakeholders to study 
the performance of the vast and complex irrigation systems 
and help in monitoring irrigation activities at all scales, i.e. from 
field scales up to transboundary levels.

Transboundary-Scale Monitoring and 
Management of Irrigation Networks

Monitoring Irr. Activities at Field Scales
Water user associations at the tail of large irrigation canals 
suffer from inadequate and highly erratic water supplies.

In the Kyrgyz side of the Talas Basin our results reflect the 
gradual infrastructure rehabilitation and improvement of 
management practices in the existing systems after the collapse 
of the Soviet Union.

 
Reference: Ragettli S., Herberz, T. and T. Siegfried (2018): An unsupervised classification algorithm for multi-
temporal irrigation mapping in the Chu and Talas River Basins in Central Asia. Submitted to Remote Sensing of 
Environment.

Predictions in Ungauged Basins 
1970-2010 flash flood disaster areas in China cover more than 
12% of the total land area. Hydrological models can be a useful 
tool for the anticipation of these events and the issuing of timely 
warnings. hydrosolutions Ltd. designed a modelling strategy for 
flood predictions in ungauged Chinese mountain catchments.

• 35 catchments in 10 provinces Catchment areas: 14 - 1700 km2

• 6 - 72 storm events per catchment

• Annual precipitation: 380 - 2500 mm (increasing towards south)

The strategy involves data mining and machine learning to 
identify optimal model parameters.

Detection of Flash-Floods in Ungauged 
Mountain Basins with a Rainfall-Runoff Model

The modeling strategy presented here can be applied to any 
ungauged mountain catchment in China. Our results reveal a 
detection probability (POD) of flash-floods with a 2-year return 
period of 71-76% In South China. In North China, the POD is on 
average 5-10% lower due to the more challenging hydrological 
conditions of semi-arid catchments with a complex topography.

Reference: Ragettli S., Zhou J, Wang H, Liu C, Guo L. (2017): Modeling flash floods in ungauged mountain catchments 
of China: A decision tree learning approach for parameter regionalization. Journal of Hydrology, Vol. 555, 330-346

Remediating Soil Salinisation 
More than one third of the 
world’s irrigated land is affected 
by water logging & salinisation. 
The situation in Central Asia is 
particularly concerning, incl. in 
the vast irrigation schemes in 
southern Kazakhstan such as 
the Kyzylkum Irrigation Massive.

With its 74’000 ha of irrigated land poor maintenance has led 
to advanced deterioration of irrigation and drainage 
infrastructure in the scheme. Cost-effective strategies are 
needed to avert the further deterioration of soil and 
groundwater quality for the preservation of yields!

Water Balance Modeling
A numerical finite difference groundwater model (grid-cell size: 
500mx500m) was set up using the software Modflow-2005. 
With decadal head observation data at 154 boreholes, river-
level fluctuations and the irrigation regime of the years 2011 to 
2015, steady-state and transient models were calibrated. The 
scheme below shows the steady-state water balance for the 
year 2015. Fluxes are in million cubic meters [MCM].

Spatial distribution of capillary rise rates in mm/day. Green blue 
colours indicate high rates that are mainly driven by very 
shallow groundwater tables and insufficient drainage.

Investigating Remediation Strategies
To prevent salinisation of soils, groundwater levels must be 
maintained at permissible levels below which no significant 
adverse effects on soil properties and salinity levels are 
expected. There are different options to do so, incl. the 
decrease of main canal leakage (S2) & secondary canals (S4), an 
improved capacity of the drainage collectors (S5) and vertical 
drainage pumps as well as any combination of these (S6, S7).

Conjunctive use of surface- and groundwater through the 
operation of drainage pumps and canal leakage reduction of 
50% is the most effective mitigation scenario. 

______________________________________________
Further Information: www.hydrosolutions.ch, siegfried@hydrosolutions.ch
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produce a good performance for OF2. The model was calibrated
twice, once for OF1 and then for OF2, using the shuffled complex
evolution (SCE-UA) algorithm (Duan et al., 1992).

3.3. Principal components analysis to identify similarity metrics

Principal components analysis (PCA) is used to select four to
five uncorrelated characteristics from each category of catchment
characteristics – geology, drainage and topography. First, catch-
ment characteristics with more than 33% of zeroes in the dataset
were removed because presence of a large number of zeroes may
skew any statistical analysis. This resulted in a total of 17, 14,
and 11 geologic, topographic and drainage properties respectively.
For each property, characteristics that had the strongest correla-
tions with the components that explain greater than 80% of the
variance for each property were retained. Out of 17 geologic

characteristics, we obtain five after the PCA – average permeability,
% of soils in hydrologic group B, % average silt, % organic matter
content in soil, and depth to seasonally high water table. Similarly,
out of 11 drainage characteristics, five were shortlisted – topo-
graphic wetness index, %1st order streams, %4th order streams,
%2nd order streams, and stream density. Finally, out of 14 topo-
graphic characteristics, four were retained for further analysis –
mean basin elevation, aspect eastness, catchment area, and aspect
northness. Note that we will use generic characteristics names
(climate, geology, drainage or topography) whenever a collective

Fig. 1. Experimental design of the study.

Table 2
Range of signatures for the 83 study catchments used in this study. Catchment signatures were calculated from using streamflow data in the MOPEX dataset for the period 1959–
1969.

Signatures Abbreviation Mean SD Range

Min Max

Runoff ratio RUNOFFRATIO 0.38 0.18 0.01 0.83
Baseflow index BFI 0.6 0.16 0.19 0.95
Slope of the flow duration curve SFDC 0.04 0.01 0.004 0.06
Recession coefficient B RECB 1.25 0.34 0.69 2.43
Recession coefficient A RECA 0.09 0.06 0.02 0.39

SD stands for standard deviation.

Fig. 3. Structure of the rainfall–runoff model used in the study. The model consists
of a snow module, a soil moisture accounting module, a drainage module and a
routing module. The soil moisture accounting module uses a probability distribu-
tion of stores based on Moore (2007).

Fig. 2. Location of 83 reference catchments used in the study along with
preliminary groups based on topography and climate.

R. Singh et al. / Journal of Hydrology 517 (2014) 985–996 989

3. Select similarity metrics (based 
on catchment properties)

4. Decision-tree analysis: relate 
high/low catchment similarities with
good/bad transfer performance
(machine learning technique)

5. Apply splitting rules of decision-trees leading to the branches with best 
transfer performance to identify parameter sets for ungauged catchments

6. Evaluate model performance for assumed ungauged catchments

We find that for Group 1 (930 parameter transfers), the eastern
humid mountains and plateaus, similarity in characteristics from
all four categories – geology, topography, drainage and climate –
are required to result in a successful parameter transfer. Coarse
similarity in soil type B (D%HGB < 42), high correlation in P-PE
(PPECORR > 0.88) combined with similar values of topographic
wetness index (DTOPWET < 1.4) lead to high probability of a suc-
cessful parameter transfer (rightmost C2 node under catchment
properties for G1 in Fig. 6). There are five other nodes that lead
to high performance despite a lack of similarity in one or more of
these three properties. They include high similarity in %silt, %forest,
aspect northness, %4th order streams, permeability, and elevation.
This shows that within Group 1, all properties of catchments –
geology, topography, drainage and climate come together to deter-
mine the success of a parameter transfer.

The controls are much fewer for the other groups. For Group 2
(110 parameter transfers), the eastern humid plains, only three rel-
evant characteristics emerge. Similarity in percentage of land cov-
ered by agriculture is the first similarity criteria selected by the
classification tree. Also, the classification tree suggests that a dif-
ference in percentage of 2nd order streams greater than 6% and dif-
ference in percentage of soils of hydrologic group B greater than
16% leads to a high performance of transferred parameters. This
implies that a successful transfer is based on large differences in
properties rather than similarity. This difference may be attributed
to large misclassification error rates at this particular node of the
classification tree. Moreover, as shown in Fig. A7, most of the suc-
cessful parameter transfers are captured by the similarity in agri-
cultural land use and only a small fraction ends up in these
nodes defined by large differences.
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Fig. 6. Classification trees relating regions of high transfer performance with similarity indices for Group 1, Group 2, Group 3, and Group 5 (arranged in the same vertical
order) for objective function OF1 (NSE). Left and right panel relate performance with catchment properties and streamflow signatures respectively.
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4.4	Water-Balance	and	calibration	results	
The	 resulting	 water-balance	 of	 the	 calibrated	 model	 is	 shown	 in	 figure	 4-2.	 The	 lateral	
groundwater	outflows	consist	of	a	lateral	flow	towards	the	river	Syr	Darya	(50	MCM)	and	one	
towards	the	north-west	(10	MCM).	Furthermore,	the	drainage	flux	consists	of	67MCM	from	
Phase2	and	133	MCM	from	Phase1.	Capillary	rise	is	made	up	of	124	MCM	from	Phase1	and	
17	MCM	from	Phase2.		

The	calibration	led	to	a	root-mean-square-error	of	0.97m	between	observed	and	simulated	
annual	average	heads	at	154	boreholes.	It	can	be	observed	that	the	residuals	do	not	show	a	
pronounced	bias,	whereas	a	sum	of	positive	residuals	of	88m	and	a	sum	of	negative	residuals	
of	64m	portray	a	good	distribution	around	the	one	to	one	fit	line.	

	
	

Figure	4-2:	Scheme	water-balance	of	the	calibrated	steady-state	model	for	the	year	2015	in	units	of	MCM/year.	

Figure	4-3:	Scatter	plot	of	simulated	and	observed	heads	after	the	steady-state	
calibration.	Red:	The	one	to	one	fit-line.		
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The	spatial	distribution	of	residuals	(fig.	D-6,	Appendix	D)	in	combination	with	the	scatter	plot	
(fig.	4-3)	show	that	the	model	tends	to	overestimate	the	heads	along	the	main	canal	in	Phase1	
and	in	the	region	close	to	the	river	in	Phase2.	Apart	from	that	positive	and	negative	residuals	
seem	quite	homogeneously	distributed	throughout	the	scheme.	The	spatial	distribution	of	
capillary	rise	(fig.	4-4)	clearly	 indicates	high	rates	of	capillary	rise	 in	the	region	around	the	
main	canal	in	Phase1.	Moreover,	the	flux	is	generally	stronger	in	Phase1	than	in	Phase2.	Figure	
4-5	shows	that	high	drainage	fluxes	occur	in	isolated	cells	in	Phase2	and	in	the	direct	vicinity	
of	the	main	canal	in	Phase1.		

	 	

Figure	4-5:	Spatial	distribution	of	drainage	rates	in	mm/day.	

Figure	4-4:	Spatial	distribution	of	capillary	rise	rates	in	mm/day.	Phase1	in	the	south	(left)	and	Phase2	in	the	north	(right)	are	
encircled	by	continuous	black	lines.	The	grid	cells	of	the	fixed	head	boundary	condition	at	Syr	Darya	are	encircled	in	black	and	
the	main	canal	is	cutting	through	phase	1	and	phase	2	from	south	to	north.	
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During	the	visit	carried	out	in	June,	the	interplay	of	high	groundwater	tables	and	salt	crusts	
on	the	surface	could	be	observed	in	areas	close	to	the	unlined	main	canal	in	phase	1.	Further	
salt	crusts	were	found	in	phase	2	of	the	scheme	where	most	of	the	abandoned	land	is	located.	

		

	

	
	
	 	

Figure	2-4:	Upper	left:	Salinized	soil	in	the	region	close	to	the	main	canal.	Upper	right:	Swamps	between	road	and	main	canal	in	
Phase	1.	Lower	left:	Unlined	secondary	canal	in	Phase1.	Lower	right:	Main	drainage	collector	with	algae	and	reeds.	
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