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Abstract:  Numerous geospatial computational models have been developed based on sound principles and published in jour-
nals or presented in conferences. However modelers have made few advances in the development of computable modules that 
facilitate sharing during model development or utilization. Constraints hampering development of model sharing technology 
includes limitations on computing, storage, and connectivity; traditional stand-alone and closed network systems cannot fully 
support sharing and integrating geospatial models. To address this need, we have identified methods for sharing geospatial 
computational models using Service Oriented Architecture (SOA) techniques and open geospatial standards. The 
service-oriented model sharing service is accessible using any tools or systems compliant with open geospatial standards, 
making it possible to utilize vast scientific resources available from around the world to solve highly sophisticated application 
problems. The methods also allow model services to be empowered by diverse computational devices and technologies, such as 
portable devices and GRID computing infrastructures. Based on the generic and abstract operations and data structures required 
for Web Processing Service (WPS) standards, we developed an interactive interface for model sharing to help reduce 
interoperability problems for model use. Geospatial computational models are shared on model services, where the 
computational processes provided by models can be accessed through tools and systems compliant with WPS. We developed a 
platform to help modelers publish individual models in a simplified and efficient way. Finally, we illustrate our technique using 
wetland hydrological models we developed for the prairie pothole region of North America. 
Key  words:  geospatial model, model sharing, distributed computing, geospatial interoperability 
CLC number:  P208      Document code:  A    

 

1  INTRODUCTION 

Geospatial models refer to models built with Geographic 
Information System (GIS) support and geospatial data that 
serve as model inputs and outputs. When geosciences became 
more multidisciplinary and directed towards broader spatial 
scale issues, GIS became increasingly valuable for scientific 
modeling (Goodchild, 2005), especially for hydrological, eco-
logical and environmental research (Wei & Chen, 2005). 
Countless geospatial models have been developed since GIS 
and remote sensing techniques have been used in scientific 
research. The underlying principles of those models have been 
published in scientific journals and presented at conferences, 
but the computable modules developed by modelers have made 
little progress in model sharing technology. The modules de-
veloped represent scientific knowledge gained from research 
but in most cases, will have to be rebuilt into new models be-
cause sharing techniques were not integrated into them that 
would have allowed a cost-effective and efficient means of 

sharing their modules with other modeling efforts. As model 
simulation and integration become more important in geo-
graphic related research and applications, sharing computable 
modules becomes highly desirable because highly relevant 
scientific modules can be shared at a great cost savings and 
overall efficiency (Liu et al., 2002). Sharing model modules 
makes better overall efficient use of those modules, and facili-
tates interdisciplinary benefits for research applications (Good-
child, 2005). Because models can generate data using special 
algorithms, shared models have potential to provide more data 
to support analyses and researches (Crosier et al., 2003). 

Models have conceptual, mathematical, numerical, and 
computational module phases (Goodchild, 2003). Sharing com- 
putational modules is much more difficult than sharing their 
basic principles. Accessing a computational model requires a 
two-way conversion where the model is unavailable until 
accessed directly by model clients, and both sides communicate 
without any technical or semantic problem. Most computational 
models used for scientific use are command-line applications 
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usually written in Fortran, C, and a host of scripting languages. 
These applications are fast and efficient but they are often plat-
form-dependent and difficult to integrate with applications from 
other disciplines. In addition, such modules are kept at different 
spatial locations and implemented using various architecture 
and technologies, and programming languages that makes their 
access and utilization for remote clients difficult and cumber-
some. Additionally, standards that describe their input parame-
ters, output results or track monitoring runs generally do not 
exist. 

Since the end of last century, systems have been designed to 
help scientists share and reuse their geospatial computational 
models. The modular modeling system (MMS) was developed 
by United States Geological Survey (USGS) to support 
stand-alone environmental modeling (Leavesley et al., 2006). 
Morozov et al. (2006) developed a system to share seismic 
models over the Internet. Granell et al. (2007) developed an 
online water resources managing system to help users predict 
water volume of European rivers. Those systems are able to 
share geospatial computational models, but there are some dif-
ficulties to be resolved before they could be widely used. First, 
systems running on a single computer or a closed network are 
not suitable for sharing resources widely. Second, they are 
based on different data formats and there are different model 
interactive methods, and this unconformity creates interopera-
bility problems, especially for large and diverse user groups. 
Third, sharing copyrighted model modules and source codes 
can create legal infringement issues. 

Geospatial theories and technologies have been improved in 
the last thirty years, and GIS has gone through Single-Tier and 
Three-Tiers to Service Oriented Architecture (SOA) (David et 
al., 2005). Comparing to Single-Tier and Three-Tier architec-
ture, SOA is better for sharing and integrating resources over 
wide geographic regions and spans different systems. Sharing 
geospatial computational models based on SOA provides at 
least two advantages. First, since models generally require data, 
models stored on the Internet provide infrastructure for inte-
grating data and accessing models very quickly and efficiently. 
Second, SOA based model sharing is highly amenable to vari-
ant applications, including Browser/Server and Client/Server 
and distributed computing architectures, such as GRID com-
puting and cloud computing. 

Although little progress has been achieved on open stan-
dards related to geospatial model sharing, Open Geospatial 
Consortium (OGC) recently published its first version of Web 
Processing Service (WPS) standard (Open GIS Consortium, 
2008). WPS defines a standardized interface that facilitates 
publishing of geospatial processes, and discovering of and 
binding to those processes by clients. The WPS standard and 
other standards from International Standards Organization (ISO) 
and OGC, such as standards for geospatial data format (e.g., 
geospatial metadata) offer a solution for resolving the interop-
erability problems in distributed geospatial models sharing and 
accessing (Granell et al., 2007). However, problems still exist 
with current geospatial computer models. First, considering the 

huge resources provided on the Internet, shared models should 
not be isolated from other network services and applications. 
Therefore, the architecture of distributed geospatial model 
sharing should be designed to enhance integration between 
model use and other resources, and to promote effective utiliza-
tion of models. Second, WPS is compatible with OGC’s data, 
metadata, and service standards, but no explicit rule has been 
given by WPS on data semantic parameters, such as metadata, 
geospatial reference system, and measurement units. From a 
computational perspective, those parameters are necessary for 
models to perform realistic simulations. Third, OGC standards 
are independent of implementation, but the interface defined by 
WPS is too generic for practical computational model sharing 
(Open GIS Consortium, 2003, 2008).  

To address these issues, this paper proposes a service ori-
ented architecture for geospatial model sharing and integrating 
based on open standards. An interactive interface is developed 
based on OGC standards to reduce interoperability problems 
and semantic misunderstanding for geospatial model sharing. 
We propose a platform built to help modelers publish their 
models in a simplified and efficient way. Finally, we demon-
strate an application of using OGC standards that minimizes 
interoperability and other problems using a common model 
sharing platform we developed for wetlands in the prairie pot-
hole region of North America. 

2  GEOSPATIAL MODEL SERVICE ARCHITECTURE 

The Internet provides an effective means to connect and in-
tegrate diverse datasets, models and other resources located in 
different geographic locations to a diverse group of users 
through a shared modeling platform. Distributed geospatial 
model sharing is especially well suited to an Internet environ-
ment and it has a number of advantages over traditional stand-
alone and closed network systems. Based on OGC geographic 
information service categories (Open GIS Consortium, 2003), 
herein we propose an architecture for developing open geospa-
tial model sharing and integrating on the Internet.  

The architecture we developed has four key components in-
terconnected through interoperability elements (Fig. 1). Each 
component is a service or system capable of interacting with 
other components through the Internet. The interoperability 
elements are based on open standards and specifications (e.g., 
open data format, model interface, data metadata, and model 
metadata) that resolve the incompatibility issues associated 
with geospatial model sharing and integration. 

2.1  Geospatial model services 

Geospatial models collected and shared on the Internet as a 
network service are accessed by users through a standard inter- 
face. Users follow specific rules to access models through the 
interface which is application dependent and uses unique plat- 
forms or techniques for specific applications. Because geospa- 
tial models are usually computationally intense, model services 
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Fig. 1  Architecture of service-oriented geospatial models sharing 
 

should be hosted on servers with high-performance computing 
(HPC) capability. 

2.2  Geospatial data centers 

When open geospatial modeling is implemented, each model 
or submodel functions like a “Black Box” that accepts and 
processes data, and then outputs results. Data are critical to 
effective use of shared models. Traditionally, input data are 
supplied by application users where output goes directly back 
to the user. However, users who lack access to high perform-
ance computers with large storage capacities often cannot 
process complex applications that require manipulation of large 
diverse data sets. However, the availability of large data centers 
is increasing on the Internet (e.g, GLCF [http://www.land-
cover.org], DayMet [http://www.daymet.org], and Geodata.cn 
[http://www.geodata.cn]). Professionally hosted data centers 
eliminate the need to store or transfer data to individual user 
computers when used through an open geospatial model sharing 
environment. 

2.3  Model clients and integrating 

Model sharing is a dynamic process that can generate output 
data which can be further used for subsequent analyses. Users 
can effect a cost savings by utilizing a model service (e.g., web 
browsers) remotely, making it possible to access geospatial 
models with portable devices. In addition, shared models can be 
integrated into model chains for use to solve highly sophisti-
cated application problems such as the development of decision 
support systems (DSS). 

2.4  Model registry services 

The Internet is so vast that it is hard for users to find the ex-
act model they need. Modelers have a similar problem because 
potential users of models are not widely known. Therefore, a 
mechanism is needed for modelers to register their models to 

maximize their use by modelers. Model registry services can be 
built into metadata database to provide model registering and 
discovery capabilities. 

The geospatial model sharing architecture we suggest has 
three advantages. First, sharing geospatial models on the Inter-
net allows users to share models and applications from any-
where in the world. Second, Internet based models have an 
almost limitless access to resources (e.g., geospatial data, other 
models, computing environments) that cannot be duplicated in 
standalone or networked systems. Third, compliance with open 
standards and specifications for data exchange and model in-
terfaces ensure interoperability of computational models, in-
cluding those built on different systems using very different 
tools. 

3  MODEL SHARING SERVICE 

Model module and model process are two fundamental con-
cepts to access shared models. Model modules are executable 
programs that implement model algorithms and serve as tem-
plates for model processes. In contrast, model process is the 
actual computing process, an explicit function of the model 
module. A shared geospatial computational model should go 
through four phases, i.e., geospatial model module, geospatial 
model process, geospatial model service, and model client (as 
shown in Fig. 2). Each geospatial computational model is a 
model module that has the capability to provide geospatial 
model processes. To share those models, the model processes 
will be made accessible to model clients. As a consequence, this 
will simultaneously resolve communication and interoperability 
problems. 

3.1  Model service interface 

To avoid interoperability problems, model service and 
model client must adopt the same interactive rules. OGC stan-
dards were designed to serve a diversity of users representing 
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Fig. 2  Access shared geospatial model 
 

different countries and groups, including the general public. In 
last decade, many OGC standards have been wildly accepted 
for geospatial applications, especially by open source commu-
nities. 

WPS define basic operations and data structures for geospa-
tial process based on the Extensible Markup Language (XML). 
Those operations and data structures do not identify specific 
processes, and are very generic and abstract.  However, WPS 
allows the development of profiles that comply with basic op-
erations and standardized data structures to be developed for 
specific uses (Open GIS Consortium, 2008). We developed a 
specific geospatial model sharing interface based on WPS for 
geospatial computational model that includes: 
3.1.1  Model service metadata 

Metadata is essential for sharing and in the discovery of 
shared models. Metadata of geospatial model service includes 
two levels information.  

(1) Model service metadata provides a general description of 
the model service (e.g., service identifiers, contactor informa-
tion, allowed operations) and a list of geospatial processes pro-
vided by the service. Hence, the metadata would provide model 
clients with an overview of the service and convey how user 
access shared processes. 

(2) Geospatial process metadata provides detailed informa-
tion on specified processes, including identifiers, titles, descrip-
tions, controlling parameters, input and output parameters, and 
optimized options. Geospatial process metadata provides model 
clients with information on how specified processes interact, 
what parameters are required, and what outputs are possible. 
3.1.2  Model service interacting 

Model client interacts with model service through three pre-
defined operations: 

(1) GetCapabilities, retrieves metadata of model services;  
(2) DescribeProcess, retrieves metadata of a given process;  
(3) Execute, calls the operation, provides model client with 

input parameters, executes the specified process, checks exe-
cuting status, and generates results. 

When Execute is selected, model client implements an in-
teractive session that invokes data exchange. Model service and 

model client are automatically programs that utilize Remote 
Procedure Call (RPC) data exchange, a standardized data for-
mat and semantic expressions. 

We used Geography Markup Language (GML) 3 data for-
mat for exchanging geospatial data in our application. GML 3, 
the latest geospatial data exchanging standard from OGC, is 
independent of operating system (OS), and supports many geo-
spatial data models including vector and raster. Model service 
can also use data from distributed data services supported by 
GML, such as web feature service (WFS) and web coverage 
service (WCS) services (Open GIS Consortium, 2004). 

Based on GML, we adopted several methods that avoid or 
reduce semantic misunderstanding of geospatial data. Those 
methods are: 

(1) We adopted an open geodetics parameter set compiled 
and disseminated by the European Petroleum Survey Group 
(EPSG) to coordinate parameters for geospatial data. EPSG 
compiled the most commonly used projections to build their 
database. Users simply refer the coordinates for specific sites of 
interest to EPSG identifier codes rather than providing all their 
explicit coordinate parameters. The EPSG identifier is succinct 
and explicit, and helps reduce geodetic incompatibilities be-
tween model service and model client. 

(2) Metadata references (usually a Uniform Resource Loca-
tor (URL) reference to access the full metadata) are embedded 
in GML datasets and do not change dataset structure. Further, 
metadata references provide valuable opportunities for data 
mining (Feng et al., 2007). 

(3) Data measurements can be categorized as Nominal, Or- 
dinal, Interval, and Ratio (O'sullivan, 2003). Interval and Ratio 
data should have explicit measurement units to avoid misun-
derstanding. However, some measurement units are inheritantly 
problematic and converting them from one measurement unit to 
another is inefficient. To avoid this problem, the model service 
requires that all parameters use International Units, especially 
for Interval and Ratio type parameters. 

3.2  Services communicating 

Although model service interface is not constrained to a 
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specific Internet communication technique, we used Web Ser-
vices and Representational State Transfer (REST) to facilitate 
the geospatial model sharing service. Web Services and REST 
are open and widely supported by current systems and tools. 
These two techniques are complimentary; Web Services are 
best suited for heavy applications, such as desktop or server 
based model integrating applications while REST is more suit-
able for light applications, such as browser based applications. 

4  MODEL SHARING PLATFORM 

Publishing and serving scientific models on the internet in-
volves many issues including software engineering, service 
interfaces, network communication, security and others beyond 
actual model development. Further, it is necessary to develop 
platforms that help modelers develop and share their models in 
compliance with model interfaces. Carefully designed plat-
forms will allow modelers to focus on specific model designs 
and their implementation rather than individually working to 
ensure sharing and updating of geospatial models.  

We developed a geospatial model sharing platform using 
Java2 Platform Enterprise Edition (J2EE).  Java has enhanced 
network capabilities and numerous libraries available to support 
the platform we developed. Additionally, open source libraries 
(e.g., GeoTools, GeoServer, and OpenLayers) can be used to 
empower the geospatial related features (e.g., geospatial data 
reading and writing, spatial data checking) of the platform. The 
platform is OS independent and can be accessed from any OS 
that supports Java Virtual Machine (e.g., Windows desktops, 
Linux servers). 

The platform we designed follows the Model-View-Con- 
troller (MVC) pattern (as shown in Fig. 3), and includes three 
modules: 

(1) Model Integrating Module. This module loads processes 
from computational models developed by modelers that can be 
shared for collecting metadata from other models and for inter-
acting with computational models. All computational models 
are plugged in the platform through a programming level inter-
face, called Model Integrating Interface, rather than through the 

Model Service Interface. The Model Integrating Interface is 
easy to use because it only involves programming and involves 
no network operations.  

(2) Model Service Module. This module provides model 
services using Web Services and REST techniques. This mod-
ule accepts operations defined by the model service interface, 
which is independent of implementation and accepts program-
ming operations to translate required conversions. 

(3) Controller Module. This module dynamically monitors 
and manages all model processes to ensure efficient host server 
resources (e.g., computational resources, memory resources, 
storage resources). High-performance computing techniques 
can be introduced into model simulation through this module. 
The module also provides utility functions, such as translating 
data back and forth to open standard formats. 

The Model Integrating Interface is a set of Java Interfaces 
and Annotations based on GeoAPI designs, a Java based open 
library for geospatial related operations. This platform requires 
all computational models to implement the Model Integrating 
Interface in one of two ways: 

(1) Direct Implementation. Using this approach, the compu-
tational model implements the interface directly, and runs in the 
same application environment as the platform to improve per-
formance. However, models have to be modified when using 
Direct Implementation, and it can be difficult without 
model-specific source codes. 

(2) Agent Implementation. In this approach, a model agent is 
developed to implement the interface between the computa-
tional model and its platform. Agent Implementation avoids 
modifications to computational models and can be very useful 
for sharing models that are hard to modify. However, the model 
and the platform have to run in separate application environ-
ments, potentially causing instability issues.  

5  APPLICATION 

The prairie pothole region (PPR) is an area where 
mid-continental climate variations interact with glacial geology 
to produce one of the most productive ecosystems in North 

 

 
Fig. 3  System structure of geospatial model sharing platform 
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America, both of agricultural crops and of wildlife. The PPR 
stretches from Alberta, Saskatchewan, and Manitoba in Canada 
to Montana, North Dakota, South Dakota, Nebraska, Minnesota, 
and Iowa in the United States. The PPR is approximately 
900000km2(Mann 1986, Phospahala et al., 1974) and may have 
contained over 20 million ha of wetlands prior to European 
settlement (Millar, 1973; Tiner, 1984). Soils in the PPR are 
fertile and the area has been extensively developed for agricul-
ture. Consequently, over 50% of the wetland area in the PPR of 
the United States (Tiner, 1984) and 71% in Canada (Environ-
ment Canada, 1986) have been drained for agricultural devel-
opment. Prairie wetlands also are of considerable ecological 
value and support more than 50% of North American migratory 
waterfowl and they provide numerous other ecosystem services 
(Gleason et al., 2008) such as climate change mitigation and 
water storage. Because competing land use has highly modified 
this landscape, we choose the area to demonstrate an applica-
tion of shared open geospatial models to simulate hydrological 
and ecological change. 

Collaborative research between the Chinese Academy of 
Sciences and the U.S. Geological Survey’s Center for Earth 
Resources Observation and Science (EROS) and the Northern 
Prairie Wildlife Research Center has developed several scien-
tific computing models that were published as a model service. 
The model services we developed are accessible using WPS 

compliant tools or systems. We used Java to write this model 
application and implemented it directly using a Model Inte-
grating Interface deployed on a geospatial model sharing plat-
form. Three scientific computing models were shared (i.e. a 
wetland water table model, a catchment water surface extent 
model, and an evapotranspiration [ET] model) and the model 
service gets data from several data services. For example, the 
model service fetches meteorology data dynamically from 
DayMet (http://www.daymet.org), which is developed by the 
U.S. National Center for Atmospheric Research to provide 
simulated meteorological data for the United States from 1980 
to 2003; moreover, the catchment data are fetched from a WFS 
service we developed for this application. 

We developed a user-friendly website, based on distributed 
model service that integrates model service and WebGIS tech-
nologies. Users can simulate water pool depth changes for wet-
lands of interest and can specify time periods of interest (e.g., 
day, month, and year) and display the results on an interactive 
map (as shown in Fig. 4). Users also have the option of 
downloading data from the application for additional analyses 
or modeling applications. 

6  CONCLUSION 

To meet the scientific challenges of the coming century,  
 

 
Fig. 4  Water table simulation showed on the model service integrating website. 
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geosciences will need to address interdisciplinary problems and 
applications that span national boundaries over wide geo- 
graphic regions. The capacity of geosciences to handle these 
future challenges is increasingly obvious as we depend upon 
more complex workflows for data analysis and simulation tasks 
(Crosier et al., 2003). Sharing and integrating scientific re-
sources over the Internet will be an important approach to meet 
these future challenges. We have identified methods for sharing 
geospatial computational models using SOA techniques and 
open geospatial standards that have far more advantages and 
utility than traditional stand-alone and closed network model 
sharing systems. Using service-oriented model sharing not only 
helps modelers share their models but also makes it possible to 
capitalize on abundant scientific resources available worldwide 
to solve more sophisticated application problems. Model shar-
ing also allows model services to be empowered by diverse 
computational devices and technologies, such as portable 
devices and GRID computing infrastructures. 

Models share computational functionality through model 
services, so computational models can be shared as model 
processes using model services. Based on the generic and ab-
stract operations and data structures defined by WPS, we pro-
pose an interactive interface for sharing model services. We 
discussed the role of model metadata, interactive operations and 
data references issues, and how rules can be added to the inter-
face of geospatial computational models. Although the interface 
can be designed to reduce interoperability problems between 
model services and clients, further research is needed to iden-
tify model scale, parameter estimation, and model limitations 
(Leavesley et al., 2003). 

We developed a geospatial model sharing platform based on 
J2EE and open-source geospatial libraries. The platform re-
solves interoperability problems associated with traditional 
modeling approaches, improving efficiency and allowing mod-
elers more time to focus on model design and implementation. 
We used a set of hydrological models for prairie pothole wet-
lands to illustrate and validate the method. The models we de-
veloped and shared on this platform, allows users to access 
model clients though tools compliant with WPS. We also de-
veloped a user-friend website for this application as an example 
for use to solve geospatial simulation problems using an inte-
grating model service. 

The theory, specification and technology of distributed data 
sharing have made much progress in recent years (Zhu et al., 
2006). However, there has been little progress made in distrib- 
uted geospatial model sharing despite the enormous potential to 
advance geosciences. Certainly, achievements on geospatial 
data sharing and distributed computing technologies (e.g., Web 
Services, SOA, Grid computing, and Cloud computing) will 
stimulate further research to improve sharing geospatial models. 
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摘  要:  传统的单机环境和封闭式网络环境由于有限的资源利用能力, 难以充分支持分散地学数据、模型等资源

的共享与应用集成。基于网络环境的信息交换特点, 提出了分布式地理空间模型共享的服务体系。该体系以数据、

模型、元数据等互操作要素为核心, 通过网络将数据、模型等网络节点进行开放式耦合。针对地理空间模型服务的

互操作问题, 提出了分布式环境下的模型共享服务交互接口, 该接口定义了模型服务元数据、模型服务的交互操

作、模型服务的通讯方式等交互规则, 尽可能地降低模型服务与模型终端之间在数据交换、功能调用等方面的互操

作困难。为了降低将模型共享为模型服务的实现难度, 设计和开发了地理空间模型共享平台, 并介绍了在该平台上

发布地理空间模型的 2种方法。最后介绍了研究成果在 Prairie生态模型共享方面的应用实践。 
关键词:  地理空间模型, 模型共享, 分布式计算, 互操作 
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1  引  言 

地理空间模型是在 GIS(Geographic Information 
System, 地理信息系统)的支持下, 采用 GIS 操作来
模拟现实世界在一个时刻或一个时间段的地理过程

(Goodchild, 2005)。地理空间模型是生态、资源环境
等领域科学研究成果的主要形式之一 , 在未来预
测、现象理解、异常诊断、综合分析以及管理决策

等方面均是不可或缺的(韦玉春 & 陈锁忠, 2005)。
随着科学研究的开展, 在科学家手中积累了大量地
理空间模型 , 这些模型是经验和知识的具体实现 , 
主要以计算机程序的形式存在。对这些分散在科学

家手中的地理空间模型进行共享的意义在于: 首先, 
使这些模型所承载的研究成果得以更充分地发挥 , 
也使其他研究和应用能够利用这些模型的潜在价值; 
其次, 科学计算模型一般有明确的目的和应用边界, 
但无论在开展科学研究还是解决实际应用问题时 ,
难免要涉及跨学科、跨领域问题, 因此模型的共享
和集成是深入开展科学研究和应用实践的需要(Liu
等, 2002)。第三, 在社会应用尤其是社会经济辅助决
策方面需要一些具有科学计算和模拟能力的科学计

算模型, 共享的地理空间模型为这些应用的开展提
供了强有力的支撑; 第四, 科学数据共享是一种静
态的信息共享, 而科学计算模型的共享则是动态的
信息共享(Crosier & Goodchild, 2003)。与静态的科学
数据共享方式相比, 动态的科学计算模型能够在使
用过程中不断产生和提供信息, 其信息量和价值也
会随时间和使用过程不断增加。 

从 20 世纪末开始, 面对已有的地理空间模型, 
许多组织或研究者尝试采用更有效的模型开发方法, 
以降低模型重用的难度, 提高新模型开发和模型集
成的效率, 一些与地理空间模型共享和集成相关的
研究和项目也相继开展。这方面的研究有: 基于单
机环境的模型集成系统, 如美国地质调查局开发的
MMS(Modular Modeling System)(Leavesley等, 1996)。
基于分布式网络技术实现地理空间模型共享系统 , 
如: Morozov等(2006)开发了地震数据分析与建模系
统。Granell 等(2007)尝试实现融雪水文和环境模型
的在线共享, 并用于阿尔卑斯山地区的径流预测。 

对上述研究总结后发现: 在地理空间模型的共
享和集成方面 , 还存在一些突出的问题: 第一 , 很
多研究基于单机或小网络环境开展模型的共享和集
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成, 虽然在短期内和部分应用中取得了较好的成果, 
但由于相对封闭和有限的资源利用能力, 难以适应
复杂多样的应用需要; 第二, 缺少一致的数据交换
和模型调用的方式, 使互操作问题成为限制广泛应
用的重要因素; 第三, 直接对模型体或源代码共享, 
易于造成模型著作权和所有权等问题。 

随着 GIS理论、技术的发展和应用实践的深入, 
GIS 在体系上不断发生着变化, 经历了从单层体系
(Single-Tier)、3 层体系(3-Tiers)(包括单机 3 层体系
和网络 3层体系)到 SOA(Service Oriented Architec-
ture, 面向服务体系)的体系发展阶段。与其他体系相
比较, SOA 更能够发挥网络分布式环境的优势, 是
GIS的重要发展方向(David, 2005)。基于 SOA的地
理空间模型共享, 一方面是推进基于 SOA的 GIS发
展的重要支撑, 另一方面, 模型共享服务是建立在
该体系其他部分的基础上, 需要与数据服务、信息
发现服务等紧密协作。 

过去 10年中, 在分布式地理空间数据交换的理
论方法和标准规范方面有了显著的进步, 制定了一
系列地理空间数据交换和数据服务的标准规范, 并
得到了广泛的接受和认可 , 如 : GML(Geography 
Markup Language, 地理标记语言)、WMS(Web Map 
Service, Web地图服务)、WFS(Web Feature Services, 
Web 地理要素服务)、(Web Coverage Service, 网络
Coverage 服务)、KML(Keyhole Markup Language, 
Keyhole 标记语言 )等数据互操作规范 , 以及 ISO 
19115等元数据标准(Granell 等, 2007)。但是, 与地
理空间数据方面的进展相比较, 开放的分布式地理
空间模型功能互操作仍处于探索阶段。 

2  地理空间模型共享服务体系 

在分布式网络环境中开展地理空间模型的共享, 
需要实现地理空间模型共享基本体系各基本组成的

网络服务化。根据地理空间模型的特点 , 参考
OGC(Open GIS Consortium, 开放 GIS 协会)对地理
信息服务的分类(Open GIS Consortium, 2003a), 提
出了地理空间模型分布式共享服务体系(图 1)。 

网络环境下的数据、功能、元数据互操作是分

布式模型共享的基础, 为在网络环境中开展地理空
间模型共享、发现和使用, 提供必要的信息编码和
交互规则约定。通过采用开放的规范和标准, 降低
或避免模型共享和使用过程中的互操作问题, 具体
措施包括: 采用第 GML第 3版本作为地理空间数据
交换格式 , 采用 ISO(International Organization for 
Standardization, 国际标准化组织) 19115/19139作为
地理空间数据元数据标准, 基于 OGC 的 WPS(Web 
Processing Services, Web处理服务)设计地理空间模
型服务的交互接口和模型元数据标准 (Open GIS 
Consortium, 2008)。 

以“互操作要素”为中心, 在网络环境中将模
型、数据等 5 种网络节点联系起来, 构成分布式的
模型共享体系。这些节点包括: (1)模型服务。以高
性能计算的软硬件环境为基础, 构建模型共享环境, 
将模型提供者提供的科学计算模型发布为模型共享

服务。(2)数据服务。地理空间数据的网络服务, 如:  
WFS、WCS以及基于网络传输协议的地理空间数据
流等。(3)注册服务。负责维护服务信息库, 并接收
服务的注册和对服务的查询, 包括:“数据服务信息”  

 

 

图 1  分布式地理空间模型共享服务体系 
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和“模型服务信息”的注册与发现。(4)模型终端。
用户通过支持模型服务交互接口操作的软件或工具

访问模型服务。(5)模型集成。面向科研和社会应用
需求, 通过网络集成数据、模型等资源, 构建模型的
应用系统, 如: 决策支持系统、模型计算流、地学模
拟环境等。 

该服务体系以分布式网络服务形式支持数据、

模型等资源的共享与应用集成, 其特点在于: 首先, 
以网络服务形式实现地理空间计算模型的共享, 有
利于在更广的范围内开展模型应用和集成 ; 其次 , 
有利于在共享模型的访问过程中利用其他网络资源, 
包括地理空间数据资源、软件资源、高性能计算环

境等; 第三, 通过引入开放的地理空间数据服务和
数据编码, 在模型访问过程中降低数据交换和模型
访问过程中的互操作问题。 

3  模型共享服务 

地理空间模型体模型使用, 需要经历 4 个阶段
(图 2), 地理空间模型、地理空间模型服务、地理空
间模型资源和模型终端。对于开放分布式地理空间

模型共享 , 最关键的问题在于 : 如何通过网络 , 使
模型服务转变为模型终端可用的地理空间模型服务

资源。在这个环节, 不仅需要解决底层网络通讯问
题, 而且要解决地理空间模型所涉及的数据、元数
据等信息的交换以及模型计算功能的交互规则等问

题, 即模型服务的互操作问题。 

3.1  模型服务交互接口 

标准化已经成为影响当前GIS发展的重要因素, 
也是 GIS工业化的基本要求(Reed, 2005)。解决互操
作问题需要以交互双方均能够接受的交互规范为基 

础。交互规范定义了交互双方需要遵守的规则, 因
此必须能够被通信双方共同接受, 需要具有一定的
权威性和开放性。本文基于 OWS(OpenGIS Web 
Services Architecture, OpenGIS Web 服务体系 )和
WPS规范(Open GIS Consortium, 2003b, 2008), 提出
了开放的分布式地理空间模型服务互操作接口。交

互接口的主要内容如下。 
3.1.1  模型服务元数据 

地理空间模型元数据包括 2 个层次的元数据信
息: (1)模型服务的元数据。对模型共享服务的宏观
描述, 主要包括服务器的标识信息、联系人信息、
交互操作描述和地理空间处理简要信息列表等。通

过模型服务元数据, 模型终端可以了解模型服务的
基本情况以及允许的交互方式; (2)地理空间处理的
元数据。对模型服务中共享的地理空间处理的描述,
包括地理空间处理的标识、名称、简要描述、控制

参数描述、输入参数列表及描述、输出参数列表及

描述、执行优化选项等。通过该元数据, 模型终端
可以了解特定地理空间处理的基本信息以及访问模

型处理的方式。 
3.1.2  模型服务的交互操作 

地理空间模型服务的所有交互通过 3 个操作完
成: (1)GetCapabilities。模型终端通过该操作获取模
型服务的元数据; (2)DescribeProcess。模型终端通过
该 操 作 获 取 指 定 地 理 空 间 处 理 的 元 数 据 ; 
(3)Execute。通过该操作, 模型终端传递输入参数、
调用模型、获取运行状态和获取计算结果。 

数据交换是模型交互过程中的重要内容。模型

终端与地理空间模型服务的交互属于 RPC(Remote 
procedure call, 远程过程调用)过程, 要求交互双方
在数据表达层和数据语义层均能够一致。在模型服 

 

 

图 2  地理空间模型访问的过程 
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务接口中采用 GML 作为数据交换格式, 以便利用
GML的平台独立性、可扩展性、体系完整性、易于
网络交换等特征(Open GIS Consortium, 2004)。在数
据语义方面, 接口对地理空间坐标参考、地理空间
数据元数据、数值单位等关键点上进行了规范, 尽
可能降低模型交互双方在地理空间数据交换过程中

的语义差异。 
(1) 在对目前众多地理空间坐标参考表达方式

进行分析基础上, 提出采用“欧洲石油调查组织”
(European Petroleum Survey Group, EPSG)定义的坐
标参考编码规范化模型双方的空间坐标参考信息的

表达方式。“代码表示”方式避免了对空间参考系统

整体传输, 减少了网络数据传输, 也避免了对同一
投影的不同定义问题。 

(2) 在数据的交换格式中添加外部数据元数据
引用信息, 避免在数据体内嵌入元数据体对数据内
容和结构造成的影响 , 而且数据引用方式是一种
“弱”联系, 模型发现过程可以在这种“弱”联系
的基础上设计“数据挖掘”等算法(冯敏等, 2007)。 

(3) Stevens在 1946年提出了 4级数据测量级别
分类 (O’sullivan, 2003), 即 : 标称 (nominal)、序数
(ordinal)、区间(interval)和比率(ratio), 地理空间模型
共享中涉及的测量单位问题, 主要针对“区间”和
“比率”类型数据。在接口交互中, 通过统一采用
“国际单位”, 避免由于数值单位偏差造成数据理
解的偏差。 

以 WFS、WCS等形式提供的地理空间数据服务
是一种特殊的数据源, 一般由拥有数据资源和服务
能力的节点单独维护, 能够提供较为丰富的数据资
源和稳定的性能。在分布式模型调用过程中结合远程

数据服务, 符合分布式地理空间模型共享服务体系
的设计, 有利于利用数据服务的丰富数据资源和优 

化模型的访问策略, 如通过将数据服务作为模型输
入数据源, 可以减轻模型终端的数据传输压力, 尤其
对于轻量级模型终端具有重要意义, 如移动终端等。 

3.2  模型服务的通讯方式 

模型服务元数据和交互过程的定义均独立于具

体的分布式通讯方式, 因此对底层的分布式通讯方
式没有限制。本文采用 Web Services 和 REST 
(Representational State Transfer, 代表性状态传输)同
时提供实现对地理空间模型服务的支持。Web Ser-
vices和REST是目前较广泛使用的分布式通讯技术, 
同时支持两种技术, 有助于提高模型服务的适应能
力, 提高开放性, 使模型终端拥有更多的选择。 

4  模型发布与共享 

将地理空间模型发布为地理空间模型共享服务

是一个较为艰巨的过程, 不仅需要实现模型服务接
口要求的数据、操作等交互规则, 而且涉及许多具
体的软件工程难题。每个地理空间模型的共享需要

重复一些与模型本身不相关的过程。如果能够将这

些过程独立出来, 使每个模型专注于模型的设计和
开发, 将大大简化地理空间模型共享难度, 也便于
实现模型的修改和更新。因此, 实现能够支持地理
空间模型共享的平台系统, 对开展地理空间模型共
享工作具有重要意义。 

模型共享平台位于模型体与模型终端之间, 基
于网络技术, 实现支持模型服务接口交互规则的网
络服务, 通过“模型集成接口”实现对模型的搜索、
加载和交互过程。“模型集成接口”是在编程级别定

义的交互规则, 模型通过继承并实现这些接口, 实
现模型共享平台要求的交互动作 ,  包括获取模型 

 

 

图 3  地理空间模型共享平台的系统结构 
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运行参数、交换输入/输出数据、启动和管理计算过
程等(图 3)。 

模型共享平台采用 J2EE环境实现, 一方面利用
Java 的网络系统开发能力和丰富的第三方功能库, 
另一方面能够实现跨平台部署和运行。 

在模型共享平台的支持下, 模型不需要实现独
立的网络服务功能, 仅需要按照模型共享平台的要
求, 通过模型集成接口发布至模型共享平台。从实
现方式上, 模型提供者可以通过 2 种方式发布模型
为模型服务:  

4.1  直接继承接口 

模型体直接继承并实现模型集成接口。该方案

是最直接有效的集成方式, 并且由于运行环境一致, 
模型的可靠性和稳定性均较好。但对于已有模型 , 
但该方案要求重新编写模型代码, 因此必须首先获
得模型的详细计算流程或者源代码。 

4.2  模型代理继承 

该方案是在不修改或少量修改模型体的前提下, 
通过开发模型的代理模块 , 实现对已有模型的封
装。该方案的优点是避免了对已有模型体的修改 , 
缺点是需要针对不同模型体的特点设计和实现代理

模块。由于代理模块往往和模型体在不同的环境下

运行, 会造成模型运行性能的损失, 并且带来潜在
的不稳定因素。对该方法的使用, 必须依赖于模型
体的结构设计和实现方式。对于提供API的模型, 可
以在 API 的基础上设计代理模块, 如对于 C/C++、
Fortran 模型可以 DLL(Dynamic Link Library, 动态
链接库)或静态库的形式提供 API, 而 Java、C#等方
式实现的模型可以提供 Java或 C#对象形式的 API。
对于不提供 API的模型体, 可以通过重定向 Console
程序的输入 /输出流等方式实现模型封装模块与模
型体之间交互。 

5  应用实践 

Prairie Pothole 地区是美国的中北部草原地区, 
在末次冰期结束时, 随着冰川的退缩, 在该地区留
下了许多低洼地区, 继而形成了大量分布的湿地区
域。该地区包括加拿大 Alberta、Saskatchewan 和
Manitoba等省, 以及美国 Montana、North Dakota、
South Dakota、Nebraska、Minnesota和 Iowa等州, 面
积大约 900000km2(Mann, 1986; Phospahala等, 1974), 
在欧洲移民到来之前, 曾拥有超过 2000万 hm2的湿

地(Millar, 1973; Tiner, 1984)。该区域的土壤肥沃, 随

着农业生产的扩张, 大量湿地被排干成为农田, 使
湿地面积大量减少, 其中美国部分 50%(Tiner, 1984)
和加拿大部分 71%(Environment Canada, 1986)的湿
地消失。该区域的湿地对北美 50%以上候鸟的迁徙
具有重要意义, 并具有其他生态系统服务功能, 如
减缓气候变化、储水等(Gleason 等, 2008)。由于该
区域的土地利用变化的生态典型性, 本文选择该区
域作为模型共享的应用实例, 示范该方法对水文和
生态变化研究和应用的重要性。 

本研究由中国科学院地理科学与资源研究所与

美国地质调查局地球资源观测系统(Earth Resources 
Observation Systems, EROS)中心和北部 Prairie野生
生物研究中心 (Northern Prairie Wildlife Research 
Center)科学家合作开展, 收集了对该区域研究提出
的一系列水文和生态模型, 并发布为模型服务, 实
现模型的分布式调用和集成, 为社会公众和政府决
策提供平台。 

在该应用中, 通过采用“直接继承接口”方式, 
对 EROS中心生态科学家编写的生态模型进行改造, 
使其继承模型集成接口, 继而在模型共享平台上发
布为模型服务。共享的模型包括: 水位模型、水域
提取模型、土壤水分蒸发蒸腾损失总量计算模型。

模型服务动态从 DayMet 数据源(由美国蒙塔纳大学
在 DEM 和气象观测站的日最低和最高气温与降水

的基础上, 通过模型计算得到的全美国 1980—2003
年气象数据集, 支持指定地理位置气象数据的在线
查询)获取气象数据, 从 WFS 数据服务获取流域几
何数据。基于模型服务, 构建了基于 Web 的模型操
作界面(图 4), 该系统通过远程集成模型服务, 向用
户提供动态、快捷、可视化的水位模拟计算界面。 

6  结  论 

全球变化研究和地球系统科学为代表的综合

性、跨学科研究的开展, 逐渐对地理空间数据、模
型等资源的共享和整合提出日益迫切需求。通过网

络环境共享和整合地学数据、模型等资源, 不仅能
够避免单机环境的资源限制因素, 支持更广和更深
层次的地学资源共享和成果集成与应用, 而且有助
于促进网络化地球系统科学研究信息化环境

(e-GeoScience)的发展(诸云强 & 孙九林, 2006), 是
“数据—模型—知识”发展趋势中的重要一环。 

基于此, 探讨了分布式地理空间模型共享的服
务体系, 针对模型服务的互操作问题, 提出了分布
式环境下的模型共享服务交互接口, 针对模型共享 
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图 4  基于 Web的 Prairie模型动态交互页面 
 

的工程困难 , 提出了模型共享平台和模型发布方
法。通过对 Prairie 生态模型的共享和集成, 初步实
践了所提出的分布式模型共享思路。 

目前, 分布式数据共享从理论、规范、技术和
应用等方面取得了丰富的成果 , 同时 , Web Ser-
vices、SOA、网格计算、云计算等分布式计算体系
和技术也在过去 10年中相继出现, 并获得了长足发
展, 这一切为分布式地理空间模型共享的深入研究
奠定了基础。 
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